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Apresentação

“A exemplo dos eventos anteriores, o VIII Simpósio Internacional de Nutrição e Saúde de
Peixes mantém sua natureza científica e objetiva discutir avanços em nutrição de peixes e áreas
correlatas no ambiente doméstico e internacional. O evento reuni alunos de graduação, pósgraduação e profissionais discutindo a inter-relação entre as exigências nutricionais, a fisiologia
da nutrição e a saúde dos peixes nos diferentes sistemas de produção, identificando meios e
métodos para avaliação da higidez desses animais.”
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Comissão Organizadora
A comissão organizadora é composta por pesquisadores que compõe o grupo de pesquisa do
CNPq – AquaNutri, o qual desenvolve atividades cientificas em conjunto há anos. Esses
pesquisadores possuem ampla experiência na área de nutrição de peixes e se encontram em
pleno desenvolvimento de suas atividades acadêmicas e científicas. A escolha dos membros
desta comissão se pautou principalmente na similaridade da linha de pesquisa que desenvolvem
e necessidade de se discutir os rumos das pesquisas na área de nutrição de peixes no Brasil.
Dr Luiz Edivaldo Pezzato
Professor Associado
Faculdade de Medicina Veterinária e Zootecnia - UNESP - Botucatu/SP
Departamento de Melhoramento e Nutrição Animal
AquaNutri – Laboratório de Nutrição e Saúde de Peixes
Dra Margarida Maria Barros
Professora Assistente Doutora
Faculdade de Medicina Veterinária e Zootecnia - UNESP-Botucatu/SP
Departamento de Melhoramento e Nutrição Animal
AquaNutri – Laboratório de Nutrição e Saúde de Peixes
Dr José Eurico Possebon Cyrino
Professor Titular
Escola Superior de Agricultura - ESALQ - USP - Piracicaba/SP
Departamento de Zootecnia
Dr Wilson Massamitu Furuya
Professor Titular
Universidade Estadual Ponta Grossa - UEPG - Ponta Grossa/PR
Departamento de Zootecnia
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Update on the use of dietary beta-glucans to improve fish health
Dr Delbert M. Gatlin III - Department of Wildlife and Fisheries Science,
Texas A&M University - College Station, USA

Eutrophication of aquaculture systems and environmental disease of fish
Dr Theodore B. Henry - School of Energy, Geoscience, Infrastructure and
Society, Institute for Life and Earth Sciences Heriot University, Edinburg, UK
Nile tilapia (Oreochromis niloticus) resistance to (Streptococcus iniae and
S. agalactiae) is heritable and can be improved through selective breeding
Dr Craig Shoemaker - USDA-ARS, Aquatic Animal Health Research Unit,
USA
Advances in fish vaccines: current status and future prospects
Dra Fabiana Pilarski - Centro de Aquicultura da UNESP, UNESP,
Joboticabal-SP

Mesa Redonda:
Manejo alimentar e sanidade em piscicultura interior: pontos de vista da agroindústria Dr
Ademir Calvo Fernandes Junior (Piscicultura Fernandes), Dr João Fernando Albers Koch
(Biorigin), Dra Fabiana Pilarski (CAUNESP), Dr Wilson Massamitu Furuya (UEPG.
Agroindustrial waste recovery by bioprocesses for use in animal feed
Dra Luciana Francisco Fleuri
Departamento de Química e Bioquímica IBB, Unesp Câmpus de Botucatu

Identification of mineral-associated with proteins in Nile tilapia using
metalloproteomic strategies: characterization of possible biomarkers
Dr Pedro de Magalhães Padilha - Depto de Química e Bioquímica - IBB,
UNESP
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Programa
Dia 23 / Outubro
8h - 12h - Inscrição e entrega de material
14h - 14h30 - Abertura - Composição mesa coordenadora
Dr Luiz Edivaldo Pezzato e Dra Margarida M. Barros - FMVZ, UNESP Câmpus
de Botucatu
Dr José Eurico Possebon Cyrino - ESALQ, USP Câmpus de Piracicaba
Dr Wilson Massamitu Furuya - Universidade Estadual de Ponta Grossa, PR
14h30 - 15h30 - Update on the use of dietary beta-glucans to improve fish health
Dr Delbert M. Gatlin III - Department of Wildlife and Fisheries Science Texas
A&M University - College Station, USA
15h30 - 16h - Perguntas
Debatedora: Dra Helena Peres - CIIMAR - Universidade de Porto, Portugal
16h - 16h30 - Intervalo com conversa
16h30 - 17h30 - Eutrophication of aquaculture systems and environmental disease of fish
Dr Theodore B. Henry
School of Energy, Geoscience, Infrastructure and Society, Institute for Life and
Earth Sciences Heriot University, Edinburg, UK
17h30 - 18h - Perguntas
Debatedor: Dr José Eurico Possebon Cyrino - ESALQ, USP Câmpus de
Piracicaba

Dia 24 / Outubro
9h - 10h - Nile tilapia (Oreochromis niloticus) resistance to Streptococcus iniae and S.
agalactiae is heritable and can be improved through selective breeding
Dr Craig Shoemaker - USDA-ARS, Aquatic Animal Health Research Unit, USA
10h - 10h30 - Perguntas
Debatedor: Dr Mauricio Laterça Martins - Universidade Federal de Santa
Catarina, SC
10h30 - 11h - Intervalo com conversa
11h - 12h - Advances in fish vaccines: current status and future prospects
Dra Fabiana Pilarski - CAUNESP, UNESP, SP
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12h - 12h30 - Perguntas
Debatedor: Dr Mauricio Laterça Martins - Universidade Federal de Santa
Catarina, SC
12h30 - 14h30 - Intervalo para almoço
14h - 17h - Manejo alimentar e sanidade em piscicultura interior: pontos de vista da
agroindústria
Sr Ademir Calvo Fernandes Junior (Piscicultura Fernandes), Sr André Luiz Scarano
Camargo (Empresa Escama Forte), Sr João Manoel Cordeiro Alves (GUABI
Nutrição e Saúde Animal), Dra Fabiana Pilarski (CAUNESP), Dr Wilson
Massamitu Furuya (UEPG)
Moderador: Dr José Eurico Possebon Cyrino - ESALQ - USP-SP
17h - 18h - Apresentação oral de trabalhos selecionados entre os apresentados na forma
de pôsteres
Debatedores: Dr Luiz Edivaldo Pezzato; Dra Margarida Maria Barros, FMVZ,
UNESP Câmpus de Botucatu
20h - 23h - Coquetel de confraternização

Dia 25 / Outubro
9h - 10h - Agroindustrial waste recovery by bioprocesses for use in animal feed
Dra Luciana Francisco Fleuri
Departamento de Química e Bioquímica - IBB, Unesp Câmpus de Botucatu
10h - 10h30 - Perguntas
Debatedora: Dra Helena Peres CIIMAR - Universidade de Porto, Portugal
10h30 - 11h - Intervalo com Conversa
11h - 12h - Identification of mineral-associated with proteins in Nile tilapia using
metalloproteomic strategies: characterization of possible biomarkers
Dr Pedro de Magalhães Padilha Departamento de Química e Bioquímica - IB,
Unesp Câmpus de Botucatu
12h - 12h30 - Perguntas
Debatedor: Dr Wilson M. Furuya - Universidade Estadual de Ponta Grossa, PR
12h30 - 13h - Encerramento
Dr Luiz E. Pezzato; Dra Margarida M. Barros; Dr José Eurico P. Cyrino; Dr
Wilson M. Furuya
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To sustain the growing increase of intensive fish production, it is necessary to establish
appropriate management practices, including feeding strategies. Cycles of food restriction and
refeeding has been used to enhance the fish growth and, at the same time, reduce production
costs and reduce waste disposal from food and fish metabolism in environment. However, little
is known about how innate immune system is modulated during such feeding strategy. Thus, we
assessed the effect of two feeding strategies of different intensity in innate immune responses
(Leukocytes Respiratory Activity - LRA; serum lysozyme concentration - SLC) of pacu
(Piaractus mesopotamicus). A total of 48 fish (91.4 ± 14.8 g) were distributed into 12 tanks
(12 fish per tank, four replicates per treatment). After 15 day-acclimation, receiving a
commercial feed, fish were subjected to the following strategies: 1) FR 2/1: food restriction
(2 days of feeding /1 day restriction); 2) CFR: continuous feeding restriction, during 28 days,
being sampled at 14 and 28 days. In each sampling, fish were anesthetized (benzocaine, 50 mg
L-1) for blood withdrawal and determination of LRA and SLC. The LRA was determined by
production of reactive oxygen species produced by the oxidative burst and the determination of
the SLC followed the methodology consisting in lisys of Gram-positive bacteria Micrococcus
lysodeikticus. The experiment was conducted in completely randomized design, with 2x2
factorial scheme (2 strategies and 2 samplings) and results were submitted to ANOVA and
Tukey Test (p < 0.05). The LRA was positively modulated by feeding restriction, at 14 and 28
days, in both strategies, indicating that, despite the mobilization of energy to sustain vital
processes, the innate immune system was able to activate. Regarding SLC, the modulation did
not follow the same pattern. In fish subjected to 2/1 cycles, SLC was lower at 28 days compared
to 14 days, while in fish continuously restricted, we did not find difference between samplings,
indicating that under more severe restriction the indicator reduced response or remained
unchanged. The results indicate that fish under deficit of energy prioritized an earlier response
of immune defense and the different modulation of innate immune indicators by feeding
restriction may indicate a strategy to meet the energy demand of different fish systems.
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Insect larvae, such as the order Odonata, can be found in aquaculture ponds and can cause
great damage due to their high density and predation of fingerlings. The control has been
done by chemical insecticides; however, these substances can cause damage to the
environment, and the use of natural insecticides an interesting way to replace them. This study
aimed to use extracts of the Momordica charantia, testing its acute toxicity in organisms of
the order Odonata, and chronic in Nile tilapia. For this it was made hydroalcoholic extract of the
leaves of M. charantia. The material was oven dried at 40°C for 48 hours. Subsequently, the
leaves were ground in a knife mill (2 mm) and sieved. To obtain the extract, 21.8g of this
material was weighted, which was mixed in 125 mL of a 70% alcohol solution, stirred for 24
hours, and then filtered twice to be stored under refrigeration. For the acute toxicity test were
collected 240 Odonatas of the genus Pantala, with length between 1 and 2 cm. The insects were
exposed to eight dilutions (0, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, and 10 mL L-1) of M. charantia extract.
Each sample unit consisted of 250 ml glass, with one Odonata, and 100 ml of the diluted
solution, with 10 replicates for each treatment, all arranged at random. Organisms were
monitored every six hours for a period of 48 h. At each verification the dead individuals were
observed, and the test was repeated three times. Lethal concentrations (LC) that caused mortality
in 50% and 99% of subjects at 24 and 48 hours were calculated using the calculation of probit.
The CLs found for Odonatas were tested for Nile tilapia fingerlings over a period of 21
days. For this, 80 fingerlings were submitted to concentrations LC50 (24h), LC50 (48h),
CL99 (24h) and CL99 (48h), plus one control. Ten-liter water tanks were used, where dilutions
corresponding to each CL were made. In each tank four fingerlings were used, with four
replicates per treatment. The 20 tanks were arranged randomly and weekly biometrics of the fish
were performed. Lethal concentrations of M. charantia capable of causing mortality in 50 and
99% of Odonatas were: LC50 (24h) with 8.7 mL L-1, LC50 (48h) with 12.3 mL L-1, CL99 (24h)
with 7.8 mL L-1 and CL99 (48h) with 11.35 mL L-1. There was no fingerling mortality in any
treatment. The mean weight of fingerlings at the beginning of the experiment was: 11.5g for
the control, LC50 (24): 11.7g, LC50 (48): 11.6g, LC99 (24): 11.8g, LC99 (48): 11.4 g, and in
the last week the weight of these fingerlings were: 12.2, 12.5, 12.8, 13.3, 12.3 g, respectively.
There was no significant difference in the weight of fingerlings at control in comparation
to treatments (p>0.05). M. charantia extract showed potential bioinsecticide for young
forms of Odonata, however large amounts of extract are required to cause mortality in these
animals. The active ingredient insecticide momordicin II and triterpene, present in this plant, are
found in small amounts in leaves when compared to fruits and stems, which may decrease its
efficiency. In addition, the extract did not cause mortality in fingerlings, nor influenced the
weight of the animals.
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Azadirachta indica, popularly known as neem, is a widely used plant in agroecology for insect
control, however little is known about its use in aquaculture for the control of aquatic insects of
the order Odonata. The control of these insects in aquaculture has been done using chemical
insecticides, however these substances can cause damage to the environment, and the use of
natural insecticides an interesting and sustainable way to replace them. This study aimed to use
extracts of plant A. indica, testing their acute toxicity in organisms of the order Odonata. For
this, it was made hydroalcoholic extract of leaves collected in the state of Paraná. The material
was oven dried at 40°C for 48 hours. Soon after, these leaves were ground in a knife mill and
sieved until they reached two mm of particle size. To obtain the extracts, 21.8g of this crushed
material was used, which was mixed in 125 ml of 70% alcohol solution, stirred for 24 hours and
then filtered twice to be stored under refrigeration. For the acute toxicity test, 390 Odonatas of
the genus Pantala were collected, with length between one and two cm. Insects were exposed to
12 dilutions (12.0; 12.5; 13.0; 13.5; 14.0; 14.5; 15.5; 16.0; 16.5; 17; 0.17.5 mL L -1) of A. indica
extract, a control was also considered. Each sample unit consisted of 250 ml beakers containing
one Odonata, and 100 ml diluted solution, with 10 replicates for each treatment, totaling 130
randomly arranged sample units. The organisms were monitored every six hours for a period of
48 h, and at each check the dead individuals were observed, in others words, those who showed
no movement to the touch or movement in their abdominal part. This bioassay was repeated
three times. After the experiment, lethal concentrations (LC), that caused mortality in 50% and
99% of individuals over a 24 and 48-hour period, were calculated using the calculation of
probits. The LC for Odonata using neem hydroalcoholic extract determined by the calculation of
probits were: LC50 (24h) = 17.62 ± 0.19 mL L -1; LC99 (24h) = 21.40 ± 0.63 mL L -1 and LC50
(48h) = 16.32 ± 0.11 mL L -1; LC 99 (48h) = 19.62 ± 0.32 mL L -1. The concentrations of extract
to cause mortality in Odonatas were high, this may be due to the use of leaves of this plant,
which unlike the fruit, have little amount of azadirachtina-A, which is an active principle that
acting in inhibition of ecdysis in insects. The fact that alcoholic extract was used may also have
been another factor, since neem oil can concentrate much more azadirachtin-A and azadirachtinB than other tetra-nor-triterpenes. Neem extract has bioinsecticidal effect on Odonatas nymphs,
however hydroalcoholic extract has low efficiency, however, it is a cheap alternative when
compared to oil.
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The perception of dead conspecific and associated behavioral-physiological responses are clear
phenomena for human beings. However, little is known about that in other animals, especially
non-mammalian vertebrates. In aquaculture practices, it is difficult to isolated animals from
odors that emanate from dead conspecifics. Because fish can be stressed to acute exposure to
dead conspecific odors, here we investigated if this chemical cue influence long-term biological
processes regarding feeding behavior and growth in a worldwide cultivated fish, the Nile tilapia.
For that, we introduced fish in microscale net-cages (~28 L; a fish per cage), with constant
dropping of dechlorinated water, bottom drainage and aeration. After acclimation to net-cage
conditions (consistent feeding, about a week), fish were captured, measured and reintroduced
into their respective cage. A batch of fish started to be exposed to 50 mL of conspecific
‘necromone’ (n = 14) and the other batch to odor vehicle (water) (n = 13). Dead conspecific
odors were obtained by killing a tilapia by freezing and subsequently immersing it into water
(20L) for 12 h. The dead-fish conditioned water was considered as our ‘necromone’. Chemical
cues were injected onto cage water surface and a previous observation showed that 24h were
necessary for completely change of whole cage water. Following the same procedures, fish were
measured twice again on day 15 and 30. Fish were fed every day and the mass of ingested food
(38% of protein) were quantified. From these measurements, we analyzed body mass and length
over time, specific growth rate, condition factor and feeding efficiency. Moreover, we applied
Ricker’s model to assess if the profile of growth were impacted by chemical cues. Fish of both
conditions similarly increased raw body mass and length overtime (mixed-model ANOVA), and
both showed allometric negative growth profile (b value = 2.14 and 2.18 for ‘necromone’ and
control conditions, respectively, and when b < 3 growth profile is negative allometric), indicating
that the ‘necromone’ did not affect the length-weight relationship. However, as significant
results, mixed-model ANOVA revealed that specific growth rate and feeding efficiency reduced
overtime in fish exposed to dead conspecific odors in comparison to vehicle control animals.
Based on above evidences, we conclude that perception of dead conspecific odor can be a
chronic stressor for Nile tilapia, because they had to eat more food to reach the same body mass
and length than unexposed fish and specific growth rate decreased precociously. Although our
study is a starting point based on a microscale laboratory study, we can start to investigate
potential impact in greater scales of ‘necromone’ in fish food intake, efficiency and weigh gain.
Financial support: FAPESP (process - 2016/19518-8)
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The aim of this study was to evaluate the expression of genes associated to sulphur amino acids
metabolism S-adenosylhomocysteine (ACHY), cystathionine synthase (CBS) and cysteine
dioxygenase (CDO) in large Nile tilapia fed extruded diets, supplemented with methionine and/
or taurine. Fish (n= 120, initial mean weight: 1199.1 ± 45.5 g) were distributed in a completely
randomized design with four treatments and three replicates of 12 fish per floating net-cage. A
control diet (CON) based on soybean meal containing 280 g kg-1 crude protein and 3050 kcal
kg-1 of digestible energy, without methionine or taurine supplementation was elaborated. From
the control diet, three more diets supplemented with methionine (MET), taurine (TAU) or
methionine and taurine (MET+TAU) were elaborated. Fish were hand fed, four times a day,
seven days per week, until apparent satiety, for 7-wk. For total RNA extraction, samples of liver
tissue were collected at the end of the experimental trial Analysis of genes was performed by
real-time quantitative polymerase chain reaction after reverse transcription (RT-qPCR) and the
relative change in the expression (using threshold cycle measurement) was presented as 2-ΔΔCt.
Differences among the dietary treatments in expression of genes were analyzed by a
nonparametric Kruskal-Wallis test complemented with Dunn’s multiple comparison test. Fish
fed methionine deficient diets showed higher (P<0.001) mRNA expression of CDO than fish fed
other diets. Fish fed diets supplemented with methionine showed lower (P<0.001) mRNA
expression levels of CDO and CBS genes than fish fed other diets. Fish fed diet TAU
demonstrated higher mRNA expression of ACHY gene than fish fed other diets. However, no
significant differences on mRNA expression of ACHY occurred in fish fed CON, MET and
MET+TAU diets. In conclusion, dietary methionine deficiency increases mRNA levels of CBS
and CDO, and decreases mRNA level of ACHY gene in large Nile tilapia.
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The use of essential oil of Lippia sioides (EOLS) in fish diet can promote performance and health
benefits, as its compounds have antimicrobial, antifungal, anti-inflammatory, antioxidant activity
and may even act as growth promoter. This study aimed to evaluate the growth performance and
hematology of tambaqui juveniles fed diets supplemented with different levels of EOLS. Three
hundred juveniles (45.89 ± 0.19 g) were used, distributed in 20 boxes of 1000 L in a closed
recirculation system. The experiment consisted of five treatments and four repetitions, where the
experimental design was completely randomized. The diets were extruded and added to EOLS,
making the following treatments: 0.0 (control), 0.25, 0.50, 1.0 and 1.5 ml kg-1. The formulated
diets contained 37.43% crude protein and 4,856 Kcal kg-1 digestible energy. The fish were fed
twice daily until apparent satiety for 60 days. At the end of the experimental period the animals
underwent biometrics and blood collection (n = 12 per treatment). The performance variables
evaluated were final weight, weight gain, specific growth rate, food conversion rate (FCR) and,
survival. The hematological parameters evaluated were hematocrit, hemoglobin, erythrocytes,
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC). Data were submitted to ANOVA followed by Tukey posthoc test (P <0.05). There was no mortality. FCR was significantly lower (better) in fish fed diets
with 0.25 or 0.50 mL EOLS kg diet-1. Others performance variables were not significantly
influenced by the addition of EOLS in tambaqui diet. There was a significant increase in
hemoglobin in animals receiving diets supplemented with 0.25 and 0.50% EOLS. Hematocrit was
significantly influenced in fish supplemented with 0.50% EOLS. The animals that received diets
supplemented with EOLS showed an increase in MCH in comparison with control group. The data
presented allow us to conclude that the addition of 0.25 or 0.50 mL EOLS kg diet-1 in tambaqui
diets can contribute with growth performance. Although hematological variations were found in
fish that received supplementation with EOLS, these variations did not promote harmful effects
on fish.
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Currently, studies on protein utilization are not only restricted to its effect on growth and cost, but
also seek to understand the physiological and biochemical mechanisms involved and the
dynamics of these processes in the different productive responses observed. The use of the
diet dilution technique may become useful in fish farming. This method employs the formulation
of diets with a gradual increase in the level of digestible protein but maintaining the same ratio
between essential amino acids. Catabolism of amino acids derived from diet or breakdown of
tissue proteins occurs through deamination of amino acids, followed by conversion to an
intermediate and oxidation of that intermediate. In fish studies, the transaminase liver activities
responsible for these deamination processes are interesting indicators.. The objective was to
evaluate the effects of increasing levels of digestible protein on the hepatic activity of the
enzymes of amino acid metabolism: alanine aminotransferase (ALT; EC 2.6.1.2) and aspartate
aminotransferase (AST; EC 2.6.1.1) of pacu (Piaractus mesopotamicus). Fish were allocated in
18 boxes, containing 10 fish each box and fed for seven weeks. Fish were sampled at the end of
the feeding trial, and had the liver collected to assess the hepatic enzymes. The experimental
design consisted of six isoenergetic (3.300 kcal) experimental diets (15.0, 18.5, 22.0, 25.5, 29.0
and 32.5% DP) formulated according to the dilution technique. The hepatic activities of these
enzymes were determined with kinetic reading in spectrophotometer of microplates. The
results were submitted to ANOVA and the means were compared by the Tukey test (5%). Our
results indicated that the inclusion of different PD levels did not significantly influence AST
activity, were observed values between 328.5 to 502.4 (mU mg proteina-1). However, fish fed
diets with 22.0, 25.5, 29.0 and 32.5% showed higher ALT activities, values between 172.5 to
330.5 (mU mg proteina-1), indicating deamination of amino acids. It suggests that digestible
protein above 22% can be used for energy purposes.
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The present study aimed to estimate the ideal profile of essential amino acids (EAAs) for pacu
(Piaractus mesopotamicus) in the intermediate growth phase. A total of 231 fish with an average
initial body weight of 460g were distributed in a completely randomized design among 33
experimental units/tanks of 1000L each, in a closed water recirculation system. The experiment
lasted 60 days and consisted of 11 treatments with three replicates each. The treatments included
a control diet (CD) composed of 45% of synthetic amino acids and purified ingredients and 55%
of conventional ingredients to meet the nutritional requirements of the species and other 10
limiting diets (LD) being deleted in 45% of each of the EAAs such as arginine, phenylalanine,
histidine, isoleucine, leucine, lysine, methionine, threonine, tryptophan and valine, respectively.
The experimental diets were extruded and fed three times a day until apparent satiation and the
daily feed intake were recorded regularly. A group of 15 fish was initially sampled out and at the
end of the experimental period, 15 fish from each treatment/5 fish per replicate were collected to
determine the body chemical composition. The ideal essential amino acid ratios were determined
using the deletion method though the relationship between body nitrogen retention and the
amount of amino acid being deleted from each test diet. The results were submitted to the
analysis of variance (One-way ANOVA) and when any significant difference was observed in
the performance data, Duncan test (P<0.05) was applied to compare the means. Nitrogen
deposition values were submitted to the Dunnet's test (P<0.05) to compare the limiting diets
(LD) with the control diet (CD). Fish of the control diet obtained better weight gain and resulted
in higher nitrogen deposition. This study estimated the following profile of the essential amino
acids in relation to lysine (100%): arginine (85.00); phenylalanine (46.34); histidine (24.05);
isoleucine (55.88); leucine (73.17); methionine (30.14); threonine (46.14); tryptophan (10.79)
and valine (57.21).
KEYWORDS
Nutrition, essential amino acids, growth, body nitrogen retention, Piaractus mesopotamicus
Acknowledgments: FAPESP (financial support 2013/25761-4) e CNPq (financial support
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Immunomodulation through diet ingredients is an effective method of improving fish resistance.
In this regard, insect meal have received recent attention as a nutraceutical and nutritious feed
source. Cellular count is an important parameter for assessing the immune system of fish and it
may vary according to fish species, age, season and nutrition. The purpose of this study was to
determine the effects of diets containing superworm larvae (Zophobas morio) meal on hematology
of juvenile Nile tilapia (Oreochromis niloticus). During 12 weeks, fish were fed with diets
containing 0 (the control diet), 15 % and 30 % of superworm larvae meal (SWM) and then
submitted to E. coli lipopolysaccharide (LPS) challenge. Cellular counts were recorded before
challenge (0 h) and 6 h post-challenge. The total and differential count of cells was performed
using an optical microscope at 100x in immersion oil on blood smears (two slides per fish) fixed
in methanol, and colored with May-Grunwald-Giemsa. The leukocytes were measured by the
indirect method, which considers the number of leukocytes and thrombocytes for 2000
erythrocytes counted. Additionally, to the differentiation of leukocytes, 200 cells were counted
and the amount of each cell type was identified and expressed as cells µl −1. Data obtained from
the experiment was expressed in Mean±SD and it was subjected to one way Analysis of Variance
(ANOVA) significant difference (P < 0.05). Erythrocytes, thrombocytes and five types of
leukocytes, namely lymphocytes, monocytes, neutrophils, basophils, and eosinophils were
identified in the circulating blood of Nile tilapia. The LPS challenge was effective and all the cells
counts increased 6 h post-challenge. Total leukocyte counts, as well as the numbers of
lymphocytes, monocytes, eosinophils and basophils in the Nile tilapia blood were not changed by
the diet (P > 0.05). Also, the SWM did not influence the erythrocyte count of the blood of Nile
tilapia (P > 0.05). However, fish fed 30 % SWM diet showed higher number of neutrophils and
thrombocytes after challenge (P < 0.05). Neutrophils are defense cells critical to the maintenance
of homeostasis, the assessment of neutrophils migration in the blood system is an important
valuable health status of individuals and fish population. Also, thrombocytes are important cells
involved in fish defense. This results may be related to the efficacy of fish that received SWM
diets to mobilize circulating WBC faster than fish receiving the control diet to combat the
infection.

25

Influence of time on lysozyme activity in Nile tilapia fed insect meal diets
Angélica Priscila do Carmo Alves*, Romeu Nogueira Silva1, Murilo Fornari Junqueira Della
Torre1, Kiara Cândido Duarte da Silva1, Daniela Marques da Silva1, Stefânia Priscilla de Souza1,
Tamira Maria Orlando1, Kátia Rodrigues Batista de Oliveira1, Priscila Vieira Rosa1.
*Doutoranda no Departamento de Ciência Animal e Pastagens, Escola Superior de Agricultura "Luiz de
Queiroz", Piracicaba – SP; apcalves@usp.br; 1Universidade Federal de Lavras, UFLA, Lavras, MG;

Humoral elements, such as lysozyme, play an important role in the innate immune response of
fish. Nutraceutical substances can increase resistance to infectious diseases by enhancing defense
mechanisms of the body. The aim of this study was to evaluate the influence of diets containing
larvae meal of superworm (Zophobas morio) in lysozyme activity of Nile tilapia. Three diets were
formulated to contain 0 (the control diet), 15 and 30 % of super worm meal (SWM). Nile tilapia
were randomly divided into 3 groups with 4 replicates in each group. The fish in each group were
fed with one of the three experimental diets for 12 weeks. Influences of four times (0, 3, 6, 9 h) on
lysozyme activity in the serum (LYZ-SE), spleen (LYZ-SP), head kidney (LYZ-HK) and liver
(LYZ-L) of Nile tilapia were examined using the turbidimetric assay. The LYZ–SP, LYZ-HK and
LYZ-L were determined in extracts of the organs tissues homogenized in four volumes (w/v) of
0.1 M Tris/HCl Buffer (pH 7.8) and centrifuged at 13,000 × g for 30 min at 4 °C. Following the
centrifugation, the supernatant was collected and used as a crude enzyme solution. Briefly, 10 µL
of sample was mixed with 200 µL Micrococcus lysodeikticus suspension in PBS at pH 6.2.
Lysozyme activity (units/mL) was calculated using one unit of lysozyme activity defined as the
quantity of enzyme that caused a 0.001 decrease in absorbance per minute measured at 450 nm.
Data obtained from the experiment was expressed in Mean±SD and it was subjected to one way
Analysis of Variance (ANOVA) significant difference (P < 0.05). Dietary inclusion of SWM
improved the innate immune responses of Nile tilapia. The LYZ-L showed higher lysozyme
activity of fish fed 15 % and 30 % SWM compared to the control group(P < 0.05). The LYZ-SP
and LYZ-HK had a high degree of variability among the different times and treatments, probably
due to the difference of lysozyme levels in all fish tissues (P > 0.05). Furthermore, fish that were
not exposed to E. coli LPS showed relevant lysozyme rates (time 0 h). This was probably due to
the presence of the monosaccharide N-acetyl-D-glucosamine, present in the E. coli wall and also
in the insect meal. It may have, in addition to the saline inoculation, stimulated the production of
lysozyme. The highest lysozyme activity was observed in fish serum fed 30 % SWM, 3 h after
challenge and fish fed 15 % SWM, 6 h after challenge(P < 0.05). These results may be useful in
establishing a simple assay system for lysozyme activities in order to evaluate bio-defense level in
fish.
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In Brazil, aquaculture is one of the most promising ctivities due to the high availability of water
resources, favorable climatic conditions, its energy matrix and cultivable species. However, with
the growth of aquaculture, consequently came the emergence of diseases and pathogens on a
larger scale and thus the inappropriate use of antimicrobials and chemotherapies, which can
cause bacterial resistance, waste pollution, immunosuppression, and impaired marketing. Thus,
many studies have evaluated an immunostimulant action to prevent these illnesses, and most of
them evaluate the effect on disease resistance through microbiological challenges, however
lipopolysaccharide (LPS) has recently been used to induce immune system responses. This
proposal aims to determine the best concentration of LPS to use the compound as a challenge
agent for tilapia, compared to the challenge with living microorganism. A total of 288 juveniles
tilapia divided into 6 treatments were used: PBS phosphate buffer (control), 100, 250, 500 and
600µg LPS per fish weight (FW) and Streptococcus agalactiae with 4 repetitions each. After
seventy-two hours, 3 fish of each repetition (12 fish / treatment) were randomly sampled.
Hematological (hematocrit, erythrocyte numbers, hemoglobin, mean corpuscular volume, total
and differential defense cell count) and biochemical (total protein, albumin, serum globulin and
A: G index) responses were evaluated. The experiment was conducted in a completely
randomized design. The results were submitted to variance analysis and the means compared by
Tukey test (5%). Total fish protein decreased in the group injected with 100 LPS µg / FW
compared to the other treatments. Albumin concentration in fish treated with 250 LPS µg / FW
showed the highest value between treatments after 72 h. Globulin was higher in the 600 LPS µg /
FW group and challenged with S. agalactiae, demonstrating that LPS and the microorganism
equally stimulate the humoral defense of tilapia after 72h. The group challenged with bacteria
had the lowest hematocrit values compared to the groups LPS 250, 500 and 600µg / FW. As well
as for RBC and hemoglobin, which in the group challenged with S. agalactiae had the lowest
counts, compared with the control groups and LPS 100 µg / FW. It is concluded that LPS
promoted applicable changes and can be used as a substitute for the use of microorganisms for
immunological challenges.

Grants: The São Paulo Research Foundation - FAPESP – Process number:2012/22016-3.
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In intensive tilapia farming, fish are submitted to different handling procedures such as
biometry, transferring, vaccination, shipping, and harvesting. These practices are
necessary within the production process, but will eventually cause stress on the animals,
which in turn triggers several physiological adaptive responses. These stress responses
consequently depress the immune system and can cause reduced growth, disease
emergence and mortality episodes on farmed fishes. Therefore, it is necessary to
understand how fish respond to the handling stress agents in order to allow the
development of solutions to reduce the effect and consequences of stress in fish farming.
The aim of this study was to measure some physiological responses of tilapia submitted
to acute stress by two times of air exposure. Tilapia juveniles (196.99 ± 29.3 g) were
acclimatized in twenty-one experimental tanks (200-L), in a stocking density of six fish
per tank. Air exposure was applied by lifting the fishes with a net out of the water and
holding for four and eight minutes. Fish were anesthetized with benzocaine for blood
collection of four fish per tank (n=12). Plasma was separated for determination of glucose
concentration, and whole blood was used for hematocrit determination. The experiment
was conducted in completely randomized design by a two-way analysis of variance
(ANOVA) with three sampling times (1, 3 and 24 h) and two exposure times (4 and 8
minutes) and data were submitted to the Tukey’s test (p<0.05). A basal condition (control
group) were analyzed by Dunnett’s test (p<0.05). No mortality was observed in the
experimental units after the stress application. There was a significant increase in plasma
glucose concentration in stressed fish compared to the control group (25.87±5.56 mg dL1
) with the highest level of plasma glucose being observed at sampling time of 3 h
(57.81±19.20 mg dL-1), and not returning to the basal sampling after 24 h. These levels
were higher in the time of 8 minutes (53.96±16.07 mg dL-1) than at 4 minutes
(44.00±17.13 mg dL-1) from air exposure in all sampling times. This confirms the
activation of the brain-pituitary-interrenal axis that consequently increases the glucose
level as an adaptation to stress, providing fast available energy which in turn enables the
fish to take some action in front of a stressor agent. Hematocrit was significantly higher
(p<0.05) in the basal control group (36.16±2.49%) than in the stressed fish (32.56±3.05
%), indicating that the stress by air exposure caused a hemodilution, not returning to the
basal condition after 24 h. Concluding, air exposure caused changes in the plasma glucose
and hematocrit. These findings contribute for the development of strategies and
technologies towards the improvement of fish farming welfare and biosecurity in stressful
situations such as intensive fish management.
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Fasting periods commonly occurs throughout fish’s life; during this condition, muscle
degradation happens, which can affect the profits in aquaculture. Besides, fasting may trigger
reactive oxygen species (ROS) production, which can cause cell disturbances. Antioxidants,
as the ascorbic acid (AA), can neutralize and prevent ROS’s damages. We aimed to evaluate
the AA supplementation impacts in skeletal muscle of pacu (Piaractus mesopotamicus) after a
fasting period. Pacu juvenile (≅ 30 g; ≅ 9 cm) were grouped in (n: 8/group): Control (C;
continuous feed, 200 mg kg-1 of AA), Fasting (F; 15 days of fasting) and three refeeding
groups after fasting: Low-supplementation (Ls; 100 mg kg-1 AA), Regular-supplementation
(Rs; 200 mg kg-1 AA) and High-supplementation (Hs; 400 mg kg-1 AA). Muscles samples
were collected after fasting (15 days) and refeeding (6 hours, 15 and 30 days). Muscle fibers
were measured and grouped in diameter classes. Biochemistry analyses were performed to
evaluate antioxidant enzymes activity (Superoxide dismutase, Sod; Catalase, Cat, Glutathione
peroxidase, GPx). Genes related to anabolism (mtor, rps6kb, rragc), catabolism (mafbx,
murf1a) and oxidative metabolism (pgc1α) were analyzed by RT-qPCR. T-test and one-way
ANOVA were applied to comparisons between groups. After fasting, although antioxidant
enzymes activity were similar, a metabolic depletion was observed in F group, marked by a
decrease in body length and mass, higher number of small diameter fibers (10 – 20 µm),
smaller number of bigger fibers (> 40 µm), anabolic genes decrease and increase in catabolic
genes. After refeeding, Cat activity decreased in Rs and Hs groups at 6 hours; it was sustained
through time in the Hs. The GPx activity increased in all refeeding groups at 6 hours and 15
days. The anabolic genes expression increased after 6 hours in the Hs and a slight decrease in
the catabolic genes was observed in all refeeding groups. After 15 days, the Ls and Rs
presented more small (10 – 20 µm) and fewer bigger fibers (> 40 µm), while Hs was similar to
C group. The Ls, still presented a general decrease in the anabolic, catabolic and oxidative
metabolism genes, while the Rs and Hs were similar to the C group. After 30 days, only the
Hs was similar to C group considering the bigger fibers class (> 40 µm), while the Ls and Rs
remained with fewer bigger fibers. The Hs also had an expressive increase in the expression of
mafbx and pgc1α, a stimulator of mitochondrial biogenesis, while the anabolic genes remained
similar to C and Ls group, indicating an enhanced metabolism in Hs. In conclusion, our data
indicate that the low AA level, after a fasting period, may have impaired muscle metabolism
resumption, while the higher supplementation may have contributed to an auspicious
microenvironment for muscle growth. These findings may present a strategy to minimize the
loss of aquaculture profits, promoting faster muscle recovery after stressful situations.
Grants: FAPESP 2017/26346-1, 2019/06708-1; CNPq 148108/2018-0.
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A seven-week nutritional experiment was conducted with the aim of evaluating the
influences of different arachidonic acid (ARA) levels and on the growth performance,
hepatopancreas and muscle fatty acid (FA) compositions and expression of lipid-relevant genes
in Pacific white shrimp juveniles. A basal fat-reduced diet was manufactured and subsequently
coated with different FA sources, distinct levels of ARA (0, 0.3% and 0.6%), fish and soybean
oil (50:50 control diet). All diets were formulated to be isoproteic and isolipidic. Pacific white
shrimp juveniles (1.10 ± 0.22 g) were randomly divided into twelve tanks with thirty animals
each. The animals were fed three times per day with each experimental diet with approximately
8% of the total tank biomass. The results showed that the animals fed with diet containing 0.3%
of ARA presented a lower final weight compared to the control group. Different levels of ARA
inclusion in the experimental diets directly influenced in the tissues FA profile with lower ARA
levels in control and 0% followed by 0.3% and 0.6%. Docosaexaenoic acid (DHA) levels were
higher in control compared with the other experimental groups in both tissues analyzed. The
expression profile of genes related to the prostaglandin (ALOX, COX and PGE2) and fatty acid
synthesis (SREBP) showed almost the same profile, with higher expression in control and a
gradually decreased according to the ARA level inclusion (0%, 0.3 and 0.6% respectively). The
results suggest that L. vannamei juvenile doesn’t have a requirement for ARA. Apparently the
higher expressions of ALOX, COX and PGE2 in control group can be related with the higher
prostaglandin synthesis by eicosapentaenoic acid (EPA), since this fatty acid was most
representative in the control diet and compete with ARA by the eicosanoids production.
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The melanocortin system is a complex neuroendocrine signaling mechanism involved in
numerous physiological processes in vertebrates, including pigmentation, steroidogenesis
and metabolic control. In fish, mc1r is expressed in the skin and is involved in pigmentation
and in dark/light adaptation. Mutations in mc1r gene cause a reduction of countershading and a
general paling of the animals. The physiological function of mc1r can be antagonized by the
paracrine signaling molecule protein agouti (Asip) a factor for establishing the evolutionarily
conserved dorsal-ventral pigment pattern found across vertebrates. However, its role in defensive
functions in situations of stress and its possible interaction with the hypothalamuspituitaryinterrenal (HPI) axis, whose activation results in the release of cortisol, it has not been studied.
The objective is to assess the stress response of the mutants for the asip1 and mc1r genes in
zebrafish (Danio rerio) to better understand the function of these genes and their
involvement in immune responses. Different mutants have been created using the CRISPR/
Cas9 technique in the Danio rerio species, for the asip1 gene and its mc1r receptor. The
different mutants have been induced a situation of immune stress through the
intraperitoneal administration of bacterial wall lipopolysaccharide (LPS) and their response
has been studied in a short time of 12 hours. All experimental groups, the two mutants and a
wild group, were prepared, which were administered bacterial wall lipopolysaccharide (LPS),
by intraperitoneal administration, to induce immune stress, in addition a control with PBS was
added in all groups and a group to which nothing was injected). After 12 hours, samples of skin
mucus were collected to analyze cortisol levels, as well as samples of skin tissue, anterior
kidney to subsequently perform a genetic study. Mucus cortisol was measured by
radioimmunoassay and reverse transcription-quantitative real-time polymerase chain reaction
(RT-qPCR) was used to evaluate changes in gene expression in skin and head kidney tissues.
Relative expression ratio of target gene in experimental groups versus those in control groups
were calculated according Pfaffl method. Data were normalized by one-way ANOVA using
Tukey’s test for multiple comparisons. Statistical significance was defined as P < 0.01 or P
< 0.05. The first results, mucosal cortisol levels, already show the first differences in
responding to a stress situation compared to non-mutant animals. We verify that the mc1r
mutant after the administration of PBS, which does not in itself imply the generation of stress but
if the manipulation of the animal for its administration, does not increase its cortisol levels in
mucus such as the wild strain or the Asip1 mutant. Against LPS, all have a significant increase
in cortisol levels. Throughout the extensive study of the genes involved in the immune
responses, we found that the mutants have an inhibitory response to the expression of many of
the genes, especially the Asip1 mutant with significantly decreasing levels with respect to the
control. This study provides new scientific knowledge of the role of the melanocortin system
in the response to stress and the mechanisms of immunoendocrine interaction. This response
is closely related to the health and well-being of aquatic animals, which is one of the main
interests of the fish farms. In addition, this study involves collaboration between two lines of
research, the first contribution based on new models of biotechnology applied to relevant
aspects of animal health and physiology, especially fish and the second, the immunoendocrine contribution of systems of physiological regulation.
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Stress is characterized by high levels of cortisol, which can cause a negative effect on immune and
oxidative stress systems, with consequent damages to health and welfare of animal. Antioxidant
substances have been used as an alternative to reduce the negative effects of oxidative stress. One
of them is the glutamate, which is precursor in the synthesis of reduced glutathione and acts as an
antioxidant in enterocytes and liver. Leukocyte respiratory activity (LRA) is a potential
antimicrobial response of phagocytic cells and under stress conditions macrophages can be
activated as a defense mechanism. We evaluated the effect of L-glutamate (L-Glu) on LRA in pacu
(Piaractus mesopotamicus) submitted to chronic and acute stress. Fish (113.7 ± 35.12 g) were fed
for 30 days with diets made from commercial feed with three diets: L-Glu free, and with two levels
of L-Glu (8 and 16 g/kg diet). In each treatment, half of the fish were not manipulated along the
feeding period, while the other half was chased with a dip net for 5 min twice a day (chronic
stressor/CS). After 30 days, eight fish from each treatment were sampled (initial sampling) and the
remaining ones were submitted to air exposure for 3 min (acute stressor/AS), returned to tanks and
were sampled 30 min, 3 h, 6 h and 24 h after stressor. An aliquot of whole blood with heparin was
used to determine leukocyte respiratory activity through the production of reactive oxygen species.
A completely randomized design (DIC) in a 3x2 factorial arrangement (three treatments and two
stress conditions) was adopted, with five longitudinal factors (samplings times). The data were
evaluated by a three-way ANOVA, and Tukey test. In AS condition, LRA reduced 3 h after stressor
in fish fed with 16g L-Glu compared to the previous samplings and to the other treatments. At 6
h, LRA decreased in all treatments and returned to basal levels after 24 h. In CS condition, at 6 h
there, there was a reduction in LRA in control fish, and such reduction was attenuated by both
concentrations of L-Glu. At 24h, LRA of control fish returned to initial levels, and both
concentrations of L-Glu enhanced the response, which were the highest compared to the other
values observed. Comparing the AS and CS conditions, at initial sampling, we observed higher
LRA in fish that received 8g L-Glu, and 3h after the acute stressor the same response was observed
in fish that received both concentrations of L-Glu. However, 16g L-Glu improved the LRA at 6
and 24 h after the acute stressor. L-Glu caused different responses in different stress conditions
and beneficial effects were observed in fish exposed to the most severe stress condition (chronic
and acute, CS condition). While in the AS condition, 16 g of L-Glu decreased RLA at 3 h, both LGlu treatments activated the RLA in CS fish at 6 and 24 h. The different modulation of RLA by
L-Glu indicates that L-Glu is more effective when biological conditions of fish are more impaired.
Under some conditions, cortisol has immunosuppressive effect and causes lymphopenia which
could explain the observed reduction in LRA. It is important to highlight that the observed
responses are related only to stress responses induced by the experimental protocol. Concluding,
L-Glu improved the innate immune response (RLA) in chronic stress condition.
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The search for substitute or alternative foods is considered as an essential factor for the expansion
of aquaculture, especially in the area of sustainable fish farming. The use of alternative sources of
ingredients aims to achieve higher productivity at the lowest possible cost, meeting the nutritional
requirements of the species studied. For efficient utilization of all nutrients provided in diets,
digestive enzymes play a key role during digestion. Piapara, is a fish belonging to the order
Characiform and family Anostomidae that has great commercial importance, is an omnivorous
fish, it has excellent taste and meat quality, fast growth, low feed conversion and good weight
gain. The aim of this study was to evaluate whether different foods alter the activity of digestive
enzymes. 450 juveniles of piapara (MegaLeporinus obtusidens) from commercial producers, with
average weight of 15 g were used. The animals were individually weighed and randomly
distributed in 130 L polyethylene boxes at a density of 30 fish / aquarium. Seven protein foods
were evaluated: tilapia fillet residue meal, poultry offal meal, meat and bone meal, poultry feather
and blood meal, soybean meal, corn gluten and cottonseed meal, and five energy foods. : ground
sorghum, ground corn, defatted corn germ, rice bran and wheat bran. Digestive enzyme activity
was determined using intestine homogenate. Statistical analyzes were performed using Tukey test
with 5% significance. Among the energetic ingredients, the defatted corn germ was superior in
the trypsin activity in relation to the corn, rice bran, wheat bran and sorghum. Regarding leucine
aminopeptidase (LAP), corn germ showed higher activity when compared to wheat bran, and the
others did not differ statistically from each other. In the activity of total proteases and alkaline
phosphatase no significant differences were observed between treatments. Considering the
protein ingredients, feather and blood meal, poultry viscera meal and tilapia residue meal showed
satisfactory results when compared to meat and bone meal and blood meal, however the
cottonseed meal and corn gluten presented good results. intermediaries, not differing statistically
from the others. In the activity of the enzyme leucine aminopeptidase (LAP), the tilapia residue
flour when offered to fish allowed higher average when compared to meat and bone meal, the
other ingredients were in intermediate position in relation to the ingredients already mentioned
above. In the determination of alkaline phosphatase activity, tilapia residue flour showed higher
activity when compared to blood meal, which in turn stood out in relation to corn gluten and
feather and blood flour, the other results showed higher activity when compared to the
ingredients mentioned above. However for the alkaline total proteases variable the ingredients did
not show statistical difference after the comparison test of means. Therefore, it can be concluded
that the use of several ingredients is capable of altering the activity of piaparas digestive enzymes.
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Mannan oligosaccharide a complex carbohydrate rich in mannose, derived from Saccharomyces
cerevisiae and indigestible to animals acts promoting the adsorption of Gram-negative bacteria
type-1 fimbriae positive, improved growth performance, feed efficiency rate, intestinal health,
innate immune response and disease resistance in several farmed species. Thus, the present study
aimed to verify the effects of dietary supplementation with MOS in tilapia on the haematological,
biochemistry and productive performance. Tilapia juveniles (weight 127.3 ± 4.79 g), were
randomly distributed into twenty-four tanks (310 L, twenty-four per tank) with constant aeration
and renewal of water. Fish were distributed in six experimental groups, with four repetitions. Fish
received diets supplemented with MOS (0.0%; 0.2%; 0.4%; 0.8%; 1.0%; and 1.5%) for 45 days.
At 0, 7, 15, 30, and 45 days post-supplementation, blood was sampled for evaluation of
haematological parameters (hematocrit, hemoglobin rate, erythrocyte count), and hematimetric
indices were calculated (mean corpuscular volume, mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration). The biochemical parameters of total plasma protein and
albumin were determined by commercial kits (LABTEST®) in an end-point colorimetric assay.
Globulin values were obtained by subtracting the albumin value from total proteins. Dietary
intake was recorded weekly and at 45 days, fish were weighed and measured to obtain
performance parameters (total weight gain, daily food intake, total food intake, apparent feed
conversion rate, protein intake, protein efficiency ratio, specific growth rate and survival). After
45 days, the same diets, added marker and pelletized, were offered to fish and feces collected to
determine protein digestibility coefficient. Prebiotic-fed groups showed no significant
improvement compared to the control group in the hematological, biochemical and protein
digestibility variables. The inclusion of 0.2%; 0.4%; 0.8% of MOS in the diet evidenced
significant higher weight gain when compared to non-supplemented groups.
Acknowledgements: The authors would like to thank Biorigin for the MOS donation and the
intellectual support. This work was supported by Coordenação de Aperfeiçoamento de Pessoal de
Ensino Superior (CAPES – Coordination for the Improvement of Higher Education Personnel:
Código de Financiamento 001) and Fundação de Amparo à Pesquisa do Estado de São Paulo
(FAPESP – São Paulo Research Foundation: Grants 2011/16631-4).
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Dietary supplementation with mannan oligosaccharide (MOS) in fish has proved to
increase immunity, growth and health status of several farmed species. In Nile tilapia,
Oreochromis niloticus, MOS supplementation proved to improve disease resistance against
Streptococcus agalactiae, however there are no reports regarding their effects over
Lactococcus garvieae, an emergent pathogen in tilapia culture. Therefore, the present study
aimed to verify the effects of dietary supplementation with MOS in tilapia on the growth
performance, innate immunological parameters and resistance to cohabitation challenge with
L. garvieae. Tilapia juveniles (weight 127.3 ± 4.79 g), were randomly distributed into twentyfour tanks (310 L, twenty-four per tank) with constant aeration and renewal of water. Fish
were distributed in six experimental groups, with four repetitions. Fish received diets
supplemented with MOS (0.0%; 0.2%; 0.4%; 0.8%; 1.0%; and 1.5%) for 45 days. At 0, 7,
15, 30, and 45 days post-supplementation, blood was sampled for evaluation of
immunological parameters (respiratory burst, lysozyme activity and complement system
activity). Other group maintained in the same conditions, were distributed into twenty-four
tanks (seven per tank) and challenged by cohabitation with L. garvieae, and mortality
was monitored for 15 days. Fish supplemented with 0.2%; 0.4%; 0.8% of MOS in the diet
evidenced significant higher weight gain when compared to non-supplemented groups.
Also, groups supplemented with MOS did not show significant improvement of
immunological parameters and survival after challenge. In conclusion, the inclusion of MOS did
not increase innate immunity or bacterial resistance against L. garvieae. Nonetheless,
the inclusion of 0.2%; 0.4%; 0.8% of prebiotic in the diet improved the weight gain of Nile
tilapia.

Acknowledgements: The authors would like to thank Biorigin for the MOS donation and
the intellectual support. This work was supported by Coordenação de Aperfeiçoamento de
Pessoal de Ensino Superior (CAPES – Coordination for the Improvement of Higher Education
Personnel: Código de Financiamento 001) and Fundação de Amparo à Pesquisa do Estado de
São Paulo (FAPESP – São Paulo Research Foundation: Grants 2011/16631-4).
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Oxidative status of Lophiosilurus alexandri fed oregano essential oil
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Essential oils are incorporated into diets with the purpose of improving growth performance and
fish health. Oregano essential oil, Origanum vulgare, has active ingredients that act on digestion
processes, nutrient utilization and antioxidant status of fish. Therefore, with this research we aim
to evaluate the effect of oregano essential oil on oxidative status of neotropical
catfish Lophiosilurus alexandri. Juveniles (15.7 ± 1.8 g, 9.5 ± 0.45 cm) were distributed in 16
circular tanks (80 L), at the density of 5 fish/tank. The fishes were fed with diets containing 0.0;
1.0; 2.0 and 4.0 g of oregano essential oil/kg. After 13 weeks, the samples of fish’s liver and
gills were collected to determine the activity of antioxidant enzymes: catalase (CAT), superoxide
dismutase (SOD), glutathione S-transferase (GST) and malondialdehyde lipid peroxidation
product (MDA). The data obtained were analyzed by ANOVA and polynomial regression at 5%
probability level. The estimated level of 0.87 g of oregano essential oil/kg led to increased
activity of glutathione-S-tranferase (GST) in fish’s liver tissue. The estimated level of 2.5 g of
oregano essential oil/kg led to the lowest of CAT activity and the estimated level of 2.0 g of
oregano essential oil/kg to the highest of MDA concentration in the fish’s gills. We concluded
that 0.87 g of oregano essential oil/kg improves the antioxidant capacity of L. alexandri.
Keywords: carnivorous fish, neotropical fish, nutrition, “pacamã”.
Financial assistance: FAPEMIG, CAPES and CNPq.
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The indiscriminate use of antimicrobials in aquaculture has significantly contributed to the
emergence of bacterial resistance and accumulation of antimicrobial residues in the environment.
Due to this, it is necessary to develop environmentally-friendly and effective therapies for the
treatment of bacteriosis in aquaculture. The use of essential oils (EOs) is among the promising
strategies to reduce this problem. In this study, we investigated the in vitro antimicrobial activity
of basil EO Ocimum basilicum (OBEO), cedro Cedrela fissilis (CFEO), citronella EO
Cymbopogon winterianus (CWEO), copaiba Copaifera langsdorffii EO (CLEO), ginger EO
Zingiber officinale (ZOEO), lime Citrus aurantifolia EO (CAEO), peppermint Mentha x piperita
EO (MPEO), tea tree Melaleuca alternifolia EO (MAEO), and thyme Thymus vulgaris EO
(TVEO), against Edwardsiella tarda strain DV22 (accession number: MN453487) isolated from
diseased Nile tilapia. Additionally, the antimicrobial activity of enrofloxacin (ENRO), florfenicol
(FFC), oxytetracycline (OTC), and thiamphenicol (TAP) against Edwardsiella tarda strain DV22.
In vitro antimicrobial activity (minimum inhibitory concentration and minimum bactericidal
concentration, MIC and MBC, respectively) were determined using the broth microdilution
method inspired by CLSI. EOs and antibiotics were commercially obtained from Phytoterápica®
and Sigma-Aldrich®. EOs chemical composition was determined by analyzing the EOs by gas
chromatography (GC) with flame ionization detector (FID) using an Agilent HP 780A system
(Agilent Technologies Inc., USA), and confirming with GC/mass spectrometry (MS). EOs were
dissolved in dimethyl sulfoxide (DMSO) and diluted in sterile distilled water to make 400 µg mL1
antimicrobial stock solution. Antibiotics were dissolved in 95% ethanol (FFC, and TAP), 100%
methanol (OTC) or sterile distilled water (ENRO) and diluted in sterile distilled water to make
3.84 µg mL-1 (ENRO), 1.280 µg mL-1 (FFC and OTC), and 5.120 µg mL-1 (TAP) antimicrobial
stock solutions. Twenty microliters of each antimicrobial stock solution was transferred to the 1st
well of a standard 96 well format plates containing 180 µL medium and then serial 2-fold dilution
was made (range of concentrations: EOs, 20 – 0.078125 µg mL-1; ENRO, 1.92 – 0.00375 µg mL1
, FFC and OTC, 64 – 0.125 µg mL-1, TAP, 256 – 0.5 µg mL-1). MICs and MBCs were done in
duplicate. MIC endpoints were determined by using the standard MIC method. The MIC and MBC
of CWEO, ZOEO, CAEO, MPEO, and MAEO were 10 µg mL-1. The MIC of OBEO and CFEO
was 10 and 20 µg mL-1, respectively, and the MBC was > 20 µg mL-1. The MIC of FFC, OTC,
and TAP was 32, 64, and 256 µg mL-1 respectively and the MBC was higher than the range of
concentration tasted. TVEO (MIC= 2.5 µg mL-1) and ENRO (MIC= 0.48 µg mL-1) demonstrated
high potent antibacterial activity against E. tarda although the MBC was higher than the range of
concentration tested for both antimicrobials (> 20 µg mL-1, and > 1.92 µg mL-1). The selected EOs
had lower MICs compared to most of the antibiotics tested, suggesting their potential as an
environmentally-friendly treatment option against edwardsiellosis in Nile tilapia.
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The Jacaré-Guaçu River is among the three main rivers of the UGRHI 13 (Water Resources
Management Unit) and belongs to the Tietê/Jacaré Watershed with an extension of
approximately 1.100 km², this river has its source on the border of the cities of Itirapina and São
Carlos and flows into the Tietê River, located in the city of Ibitinga. The APA (Environmental
Protection Area) Ibitinga was created to protect the floodplain areas of both the Jacaré-Pepira
River and the Jacaré-Guaçu River, where it is popularly known as “Varjão do Guaçu” and
together with all flooded areas of APA Ibitinga form the well-known Pantanal Paulista for
presenting an environment similar to the Mato-Grossense Pantanal with a wide diversity of
animals and plants. Thus, studies involving biodiversity in this region are extremely important.
Serrasalmus maculatus Kner, 1858 (Characiformes: Serrasalmidae) are known as "piranhaamarela" and distributed in South America. This fish are active during the day and as for eating
habits, the larvae feed on small insects and crustaceans, while juveniles and adults feed on parts
of other fish. Four S. maculatus were collected from the Jacaré-Guaçu River with simple fishing
net in August 2018, and afterwards, were necropsy and all organs were analyzed to verify the
possible presence of microparasites. After analysis, it was observed in a single fish that the liver
was intensively infected by small and white cysts. Some cysts were removed and freshly
mounted between slide and coverslip and manually ruptured, then analyzed by Differential
Interference Contrast (DIC) light microscope and thus was identified a unicellular protozoan
parasite belonging to the phylum Apicomplexa Levine, 1970, that is a coccidian of the genus
Calyptospora. The characteristics observed were oocyst containing four sporocysts surrounded
by a membranous veil and this genus necessarily needs an invertebrate host such as crustacean to
be able to complete the life cycle. The cycle containing two hosts (invertebrate and vertebrate) is
important to distinguish Calyptosporidae from Eimeriidae. Many mature sporocysts (sporulated
oocysts) and few immature sporocysts (non-sporulated oocysts) were observed. This species
(n=30) was compared with other Calyptospora species previously described in other studies, but
showed significant morphometric differences. The measurements of the present study were as
follows: oocyst 19.8+1.1; sporocyst length 8.6+0.6 and sporocyst width 4.8+0.5. The sporocysts
were shown to be ellipsoidal. Some cysts were fixed in 10% formaldehyde to perform
histopathological analysis that revealed evident lesions caused by sporulated oocysts scattered
throughout the liver tissue, causing the destruction of cell structures and consequently causing
liver degeneration due the high proliferation of this coccidian. There are few described species
involving the genus Calyptospora, so it is essential to intensify the diversity and pathogenicity
studies of these parasites in fish in the interior of state of São Paulo.
Support: CAPES and FAPESP.
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Feeds represent a major cost in aquaculture systems and excess feed can promote deterioration of
water quality and reduce nutrient utilization by fish. Optimizing feed management to improve
nutrient utilization is a crucial key to match fish growth and feeding costs. Thus, the aim of this
study was to evaluate a possible interaction between feeding frequency and feeding rate on
growth, nutrient utilization, and body composition of juvenile Nile tilapia. The feeding trial was
carried out during 51 days in a recirculating aquaculture system, with a controlled water
temperature of 28ºC and mechanical-biological filtration. Groups of 26 fish (6.57 g ± 0.10 g)
were randomly distributed in 24 experimental units, following a completely randomized design
in a factorial arrangement. We tested 1) three feeding frequencies: two, four, and six times a day
and 2) two feeding ratios: restricted or apparent satiation, totaling six dietary treatments, set up in
quadruplicate. Fish were weighed every 12 days to monitor growth and to establish feed
allowance. Prior biometrics, fish were fasted for 24 h and anesthetized with 100 mg L−1
Eugenol®. Resulting data obtained were subjected to a two-way ANOVA to evaluate the
interaction between feeding frequency and feeding ratio; Tukey’s test was used to separate
means, and the level of significance of 1% was adopted in all tests. The daily weight gain and
specific growth rate were 56% and 19% higher in fish fed at apparent satiation when compared
to fish fed at the restricted regime, respectively. However, feed efficiency was 14% higher in fish
fed at the restricted regime. The feeding rate had a significant effect on lipid and ash body
contents. Fish fed at apparent satiation presented highest lipid (8.92%) and lowest ash (3.32%)
when compared to the ones fed at the restricted regime which presented lowest lipid (6.64%) and
higher ash (3.66%), respectively. There was an interaction between factors for body moisture
and protein contents: moisture was highest in fish fed feed 6 times a day at the restricted regime
and body protein was highest in fish fed 2 or 4 times a day at the restricted regime when
compared to the fish fed 2 times a day at apparent satiation. The protein retention ratio was
highest at the restricted regime but the lipid retention was highest in fish fed at apparent
satiation. One could speculate that fish grow more when they are fed at apparent satiation since
higher feed intake means higher nutrient intake, which tends to improve the growth. However,
our results show that feed efficiency decreased when fish were fed to apparent satiation. We
hypothesize that at high feeding rates, fish tend to use protein less efficiently, as shown by the
lowest protein retention, when the excess protein is probably catabolized to yield energy. As a
consequence, Nile tilapia fed at the restricted feeding regime optimized their digestion process.
Nutrient digestibility and digestive enzyme activity data are under analysis to confirm that
hypothesis.
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The phytate content is an important issue in fish plant-based diets This compound is a phosphorus
source that is not available to non-ruminant, being a chelating agent that can complex with
different nutrients. The negative impacts of phytate can be reduced by supplementing phytase to
plant-based diets. However, including this enzyme in processing diets is still a challenge for the
aquafeed industry due to its thermolability. Several approaches have been studied to include
phytase in fish diets, such as polymers. A soybean oil polymer, heat (up to 150°C) and acidic pH
resistant could be an efficient vehicle to protect phytase during feed processing. Besides the thermo
protection, this polymer may also carry phytase trough Nile Tilapia stomach avoiding pepsin attack
and releasing the enzyme in the intestine initial portion. This study aimed to evaluate the efficacy
of a thermoresistant polymer by evaluating the apparent digestibility coefficient (ADc) of mineral
matter (MM) in a plant-based diet for Nile tilapia. The ADc values were determined by the indirect
method using 1.0 g kg-1 of chromic oxide III, as dietary marker. The experimental design was a
factorial (3x2) with three phytase supplementation methods (coating post processing - CPP,
polymer-associated to enzyme - PAE, and no enzyme - NE) and two feed processing methods
(extrusion or pelletizing) with one enzyme level: 1500 phytase units kg-1 (FTU kg-1). Juvenile Nile
tilapia (140 ± 4.3 g) were fed the experimental diets four times a day until apparent satiation. For
feces sampling, a modified Guelph system containing six 300 L cylindrical, conical-bottomed
tanks was used. As to extruded diets, the CPP method determined significant higher ADcMM
values, followed by PAE and NE methods (71.94%; 67.43%; 62.05%, respectively). In pelletized
diets, both PAE and CPP presented statistically higher ADcMM values (75.87% and 74.11%,
respectively) when compared with NE (65.08%). These results suggest that the polymer may be a
potential protective vehicle to phytase. However, more trials are needed to precisely determine the
correlation between its heat protective aspect and the enzyme level necessary to reach the same
benefits of the CPP methods. It can also be studied as a vehicle for other thermolabile additives.
The authors are grateful to the São Paulo Research Foundation – FAPESP (2018/19293-1) for the
financial support.
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Water eutrophication and algae bloom are two major conditions that can be caused by the excess
of nutrients in fish farm waste. Those issues may lead to massive fish death and can make water
bodies inappropriate to further fish farm and human activities. There are several strategies that can
be used in order to reduce excessive nutrient discharge in aquatic environments coming from fish
farm, and dietary phytase supplementation is one of them. Phytase is an enzyme that hydrolases
phytate, an antinutritional factor present in plant feedstuffs that may complex to protein, enzymes
and minerals reducing their availability to non-ruminant. Besides its positive effects related to
nutrient bioavailability, phytase supplementation in aquafeeds is still a problem due to high
temperatures during diets processing. A range of strategies have been developed to enhance this
enzyme heat-stability; in fact, edible plant-based polymers are one of those approaches. A soybean
oil-based polymer, thermo (up to 150°C) and acid-resistant, may be a potential protective carrier
to phytase. This polymer may protect the enzyme not only from heat denaturation during feed
processing, but also protease attack in fish stomach, since the polymer is supposed to release the
enzyme at the initial portion of fish intestine. Therefore, this study assessed the efficacy of a
soybean oil-based polymer as a thermoresistant vehicle to phytase during feed processing, by
evaluating the apparent digestibility coefficient (ADc) of dry matter (DM) in a plant-based diet for
Nile tilapia. The ADc values for DM were determined by the indirect method using 1.0 g kg-1 of
chromic oxide III, as inert marker. The experimental design was a factorial (3x2) with three
phytase inclusion methods (Coating post processing - CPP, Polymer-associated enzyme - PAE,
and no enzyme - NE) and two feed processing methods (extrusion or pelletizing) with one enzyme
supplementation level: 1500 phytase units kg-1 (FTU kg-1). Juvenile Nile tilapia (140 ± 4.3 g) were
fed the experimental diets four times a day until apparent satiation. For feces sampling, a modified
Guelph system containing six 300 L cylindrical, conical-bottomed tanks was used. Regarding
extruded diets, the samples analysis provided ADcDM values of 83.61%, 83.96%; 83.84% for NE,
PAE, and CPP, respectively. As to pelletized diets, ADcDM values of 83.08%, 83.94%, and 83.51%
were obtained for NE, PAE, and PPE, respectively. Thus, neither the processing nor phytase
supplementation methods influenced the ADcDM values of the diets. Therefore, the polymer and
phytase inclusion should not be considered as a viable option to promote benefits regarding ADcDM
values.
The authors are grateful to the São Paulo Research Foundation – FAPESP (2018/19293-1) for the
financial support.
41

Histological changes caused in liver of pacu (Piaractus mesopotamicus) during parasitic
control with levamisole
Eduardo Pahor Filho*, Joaber Pereira Júnior, Allan Emilio Piedade, Fabiana Pilarski, Elisabeth
Criscuolo Urbinati
*Pós-Doutorando do Centro de Aquicultura da Unesp – Caunesp. End.: Via de acesso Prof. Paulo Donato Castellane,
s/n, Bairro rural, Jaboticabal-SP.

Currently, pathogens affect fish in several stressful conditions in Brazilian fish farming.
Anthelmintic are successfully used in aquaculture to control parasitic infections. Among several
drugs, levamisole hydrochloride (LHC) has been an effective and inexpensive chemotherapeutic.
This study analyzed the effects of LHC administration as an antiparasitic on the liver
of juvenile pacu (Piaractus mesopotamicus) parasitized with Rondonia rondoni (Nematoda,
Atractinae). A total of 300 fish (180 ± 1.27 g; 16 ± 0.4 cm) were fed a diet containing LHC for
fifteen days. A control group (T0) and four treatments were tested: T1 (100), T2 (150), T3 (300)
and T4 (500) mg kg− 1 LHC in quadruplicate (15 fish per repetition). For evaluation of the
liver histology, four fish per treatment (n = 20) were euthanized with benzocaine (100 mg L− 1) for
liver removal. Concentrations of 150 and 300 mg kg− 1 LHC caused moderate liver changes, and
no changes were observed in fish treated with 100 mg kg− 1 LHC. The highest concentration of
LHC (500 mg kg− 1) induced a high occurrence of sinusoid dilation, blood congestion
and leukocyte infiltration in fish liver. There was overall survival of fish from control group and
LHC treatment, except T5 fish whose survival was 80%. Our results indicate that LHC
administration until 300 mg kg− 1 caused moderate histological changes in pacu liver no interfering
in fish survival.
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Fish losses from infectious diseases are a significant problem in world fisheries production.
Therefore, we investigated the antimicrobial activity of a synthetic peptide against fish
pathogens. To identify effective antimicrobial activity peptide for fish, the MICs of the peptide
LL37 against nine fish pathogens (Aeromonas hydrophila, Aeromonas jandaei, Citrobacter
freundii, Edwardsiella tarda, Streptococcus agalactiae, and Lactococcus garvieae) were
determined in vitro. The isolates of pathogenic bacteria were recovered from species
Oreochromis niloticus, Pseudoplatystoma fasciatum, and Pterophyllum scalare diagnosed with
bacterial infection from five fish farms. The Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC) were determined using the broth microdilution
protocol recommended by the Clinical and Laboratory Standards Institute (CLSI). Peptide was
synthetized, dissolved and diluted in sterile phosphate buffered saline (PBS) to prepare 0.2441
µg-mL (LL37) antimicrobial stock solution. The range of antimicrobial concentration in the test
was 125 – 0.2441 µg-mL LL37. Bacteria in a final concentration of 5x105 (CFU)-mL were
added to each well and incubated at 28 ºC for 24 h. MICs were determined in triplicate, with two
wells in each MIC test plate used as a control. Thiamphenicol (TAP) and E. cole ATCC®
25922™ were used for quality control (QC). QC MICs were within the concentration range preestablished in accordance with recommended standards. The MICs and MBCs of LL-37 for eight
bacterial isolates were significant for two isolates. LL37 demonstrated potent antibacterial
activity against Citrobacter freundii (MIC = 15,63, MBC 15,63) and Streptococcus agalactiae
(MIC =31,25, MBC 31,25). All others fish pathogens results concentration were >125. This
shows the antimicrobial potential of the LL37 to protect fish against infections.
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Use of non-protein energy sources and food restriction strategies can influence fish growth, profit
and mitigate the environmental impacts of aquaculture. This study evaluated the combined effect
of different dietary starch: protein ratio (SPR: 0.96-high, 0.69-intermediate and 0.53-low) and
cyclic feed restriction (FD: daily fed-0FD, fish fasting for one and refeeding for three days-1FD
and two days and refeeding for three days-2FD) management on growth, nutrient use and steatosis
degree of Nile tilapia juveniles. Juveniles (2.25 g) were distributed in aquariums with 160L (15
fish/aquarium), into a water recirculation system with supplementary aeration and temperature
control, in a completely randomized design in a 3×3 factorial scheme (n=3). The fish were fed
apparent satiety three times daily according to each treatment. After 60 days, all fish were fasted
(24h) and weighed. Three fish per treatment were euthanized (500 mg L-1 benzocaine) to obtain
liver for evaluation of hepatic steatosis was studied in the histological slices (H&E) using a point
counting method modified: volume of hepatic steatosis (%) = [100 × (number of crosses hitting
vesicles fat in liver/total number of crosses of digital matrix)] [HST]. The following parameters
were calculated: daily feed intake (% body weight day-1) = {feed intake/[(final body weight+initial
body weight)/2] / days of the trial × 100} [DFI]; feed conversion ratio = feed intake/weight gain
[FCR]; protein productive value (%) = [100 × (final body weight × final body protein content) (initial body weight × initial body protein content)/ total protein intake] [PPV]. All data were tested
by two-way ANOVA and, when significant (P<0.05) differences were observed, the Tukey’s test
was applied. Survival rate during the experimental period was 100%. There were significant
differences (P<0.05) due to the interaction between FD and SPR only in HST. Fish fed with low
SPR diet presented 18.3% of HST and fish fed with low SPR diet and 1FD presented even lower
of HST (8.3%). This combination (Low-SPR + 1FD) decreased the degree of steatosis, which can
prevent functional and structural damage in juveniles Nile tilapia livers. In contrast, HTS increased
in the high-SPR + 1FD combination (25%). Final weight decreased linearly (p<0.05) by increasing
FD. Juveniles showed one clear hyperphagic trend because increasing FD did not affect (p>0.05)
its DFI. Consequently, FCR was similar (p>0.05) in tilapia from 0FD and 1FD treatments, but
higher (p<0.05) in those subjected to 2FD. This means that a three-day period of refeeding was
enough only to provide partial growth compensation to fish from 1FD treatment. Fish fed with
intermediate SPR did not show significantly different growth from neither of fish fed with the
other two dietary SPR. In addition, the high SPR in diets promoted higher PPV. Therefore, it is
possible to reduce crude protein of juvenile Nile tilapia diets and to increase starch levels without
impairing the growth performance and feed conversion ratio. This can result in a protein sparing
effect and reduction in nitrogen input the water. It is concluded that fed juvenile Nile tilapia with
diets SPR up to 0.69 combined with cyclic fasting of one day and refeeding for three days, can be
a strategy to optimize feed efficiency, protein retention and liver health of fish.
This study was supported by the CAPES and PPGCAP/UAG/UFRPE. The authors are also
thankful for the donation of fish by CODEVASF (Porto Real do Colégio, AL, Brazil).
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The satisfactory growth of national aquaculture activity in recent years arouses concern
about the quality of the commercialized fish, since the fish consumption can bring several
benefits for human health. In general fish can be considered an excellent animal protein,
especially due to the high levels of n3 fatty acids (of high relevance to human health), for this
reason, the present study aimed to quantify lipids and characterize the fatty acid profile of
several commercial fish species in São Paulo state. Samples of the analyzed species were
collected at the Companhia de Entrepostos e Armazéns Gerais de São Paulo (CEAGESP), which
is the most representative fish distribution point in São Paulo. The muscle tissue from the
animals had their lipids extracted by Folch et al. (1957) methodology, and quantified by
colorimetric method according to Frings et al. (1972). The fatty acids profile were determinate
by gas chromatography (GC) coupled to a flame ionizer (FID) (VARIAN GC 3900). The
peaks were identified using a standard with known retention time (Supelco, 37 standard). The
highest lipid concentration was observed in salmon (16.83 mg / g), followed by tambaqui
(13.27 mg / g), tilapia (11.11mg / g) and sardine (6.06 mg / g). The highest saturated fatty
acids (SFA) percentage was observed in sardine (49.95%) and the lowest in salmon
(17.37%), and these variations were influenced mainly by the differences in 16:0
percentages (34.84% in sardine and 11.87% in salmon). Conversely, monounsaturated
fatty acids (MUFA) were more representative in salmon with 46.89%. As expected, sardine
and salmon showed higher n3 fatty acids concentration, since both are marine species,
followed by tilápia and tambaqui (26.47%, 15.89%, 6.63% and 2.78%, respectively). The
differences observed in n3 fatty acids are related mainly with 22:6n3 (docosaexaenoic acid DHA) different levels between the experimental groups. The same profile was observed for
EPA (eicospentaenoic acid - C20: 5n3) with higher percentage in sardine (5.18%), and lower
percentage in tilápia and tambaqui (0.66% and 0.25% respectively). The results showed that
marine fish (from farm or natural environment) presented higher DHA and EPA
concentrations, while the lowest levels were observed in freshwater animals. This fact is
mainly related to the diet composition that these animals received in captivity, which is
usually produced using a large amount of plant ingredients and few ingredients with
satisfactory n3 fatty acids amount.
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The objective of this study was to verify the influence of inclusion of mulberry leaf meal (Morus
alba) in diets for Nile tilapia fingerlings on its zootechnical performance. The experiment (60
days) used 700 fingerlings with average weight of 2.74 ± 0.58g and average total length of 5.4 ±
0.04cm. The fish were distributed in a completely randomized design with seven treatments and
five replications (in a closed recirculation system containing 35 1,000L tanks, connected to a
2,000L mechanical filter and a 30,000L biofilter). The treatments consisted of isoproteic and
isoenergetic diets containing increasing levels of mulberry leaf meal (0; 3; 6; 9; 12; 15 and 18%)
in pelletized diets made from soybean meal and corn. The monitoring of the physicochemical
parameters of the water were: temperature measured twice a day at 8:00 and 18:00 (26.0 ± 1.4 °
C and 29.9 ± 1.3 ° C), dissolved oxygen ( 5.70 ± 2.80 mg L-1 and 8.75 ± 4.90 mg L-1), weekly
pH and ammonia nitrogen (8.00 ± 0.50 and 0.024 ± 0.015 ppm). The fish were fed (9:00, 13:00
and 17:00) until apparent satiety. At the end of the experimental period, five fish from each
experimental unit were randomly selected, weighed, slaughtered and eviscerated to evaluate the
zootechnical parameters: final weight (FW); weight gain (WG); carcass yield (CY); fillet yield
(FY); feed conversion ratio (FCR) and survival (SUR). All data obtained were submitted to 5%
significance level ANOVA, compared by Tukey test and regression analysis. The FW; WG; FCR
and SUR were not influenced (p> 0.05) by increasing levels of mulberry leaf meal (MLM) in the
diets. The CY presented a quadratic effect (p <0.05) and response to the increase of the inclusion
of the MLM (y = -0.0292x2 + 0.2808x + 84.443, r2 = 0.6269) with a maximum point of 4.81%
MLM. The FY also had a quadratic effect (p <0.05) responding to the increase inclusion of
MLM in the diets (y = -0.0261x2 + 0.3589x + 26.288, r2 = 0.6273) with a maximum of 6.88 %.
Mulberry leaf meal can be included up to 18% in fish meal-free diets for Nile tilapia fingerlings
without affecting their performance.
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National fish farming is in evidence today, fact this related with the great aptitude of the country
for this type of activity, besides the excellent nutritional quality of the fish. From a social point of
view, fish farming can become a source of funds important for the local population, both as formal
workers in large companies, as well as small producer associations or cooperatives. Therefore,
understanding the biology of native species development in water recirculation systems becomes
interesting. The objective of the present study was to evaluate the productive performance of adults
silver catfish, cultivated in a water recirculation system and fed pelleted diets containing different
levels of replacement of corn by crude glycerin. The present study was conducted from December
2018 to July 2019 totaling 208 days of cultivation, with a completely randomized design consisting
of 6 treatments and 5 repetitions, with treatments consisting of 0%, 20%, 40%, 60%, 80%. and
100% substitution of corn by glycerin. Two males and three females of silver catfish with an
average weight of 189.30 ± 4.08 g were distributed in 30 circular tanks of 1000 liters, connected
to a water recirculation system with oxygenation system. The fish were fed pelleted diets twice
daily (8h:00 and 17h:00) until apparent satiety. Oxygen and temperature were measured daily at
feeding times, and water quality analyzes (pH, ammonia, nitrite, alkalinity, hardness and
phosphorus) were performed once a week. Every 60 days of cultivation (February, April and June),
the fish were fasted for 24 hours and after performed biometrics of performance, as well as at the
end of the trial period (July). The obtained data were submitted to analysis of variance (5%
probability), and when differences were found, the means were submitted to Tukey test using
Statistica 7.0® software. The water quality parameters were within the recommended for the
species, demonstrating the potential use of recirculation systems in the production of silver catfish.
At the end of the production period, it can be observed average weight gain of 1204.04 g, 1447.06
g, 1592.75 g, 1671.51 g, 1760.95 g and 1602.32 g for the 0, 20, 40, 60, 80 and 100% replacement
treatments, respectively. There was statistical difference in the growth curve of the 80%
replacement treatment performed in the second month of cultivation, differing from the treatment
without replacement (0%), indicating that this was the best productive performance. However, it
was the same as the others, demonstrating the potential use of glycerin in the diets of silver catfish,
in replacing ground corn.
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Diseases outbreaks are recognized as a major bottleneck for aquaculture production and trade. It
is estimated that losses due to pathogenic diseases can reach deficits of billions of dollars to
global aquaculture each year. In addition, the increased demand for alternative protein
ingredients to replace fishmeal in aquafeeds has led to higher inclusion of plant feedstuffs, and
these ingredients may contain anti-nutritional factors and secondary metabolites that can
impair the functional competency of the gastrointestinal tract (GIT) against pathogen
translocation. Organic acids or acidifiers are promising feed additives that can alleviate this issue
by inhibiting the proliferation of pathogenic bacteria in the intestine. They are composed of shortand medium-chain fatty acids with bacteriostatic properties resulting from fermentation of
carbohydrates by autochthonous bacteria. Their relatively small chemical structures are
lipophilic and can diffuse across the cell membrane of gram-negative bacteria, and within the
bacterial cytosol, the dissociation of the carboxylic acid releases charged protons, hence
acidifying the intracellular environment. The objective of this study was to investigate the
effects of organic acids in diets with high inclusion of plant-protein ingredients for the
carnivorous red drum, by supplementing 0.5 g kg-1 of butyrate, propionate, or their combination,
with a basal diet serving as the control. This trial was analyzed as a mixed model, having a 2×2
factorial design (absence or presence of butyrate or propionate as main factors) and the
disposition of the aquaria serving as a covariant. Fish were fed the experimental diets for
8 weeks, and production performance was evaluated. An intermediate sampling of digesta
contents was collected at the fourth week of feeding to compare the microbial communities
within treatments by denaturing gradient gel electrophoresis (DGGE). The
supplementation of propionate to the diet impaired the growth performance of red drum
significantly (P=0.02) and feed efficiency was impaired by the addition of butyrate (P=0.01). The
DGGE results showed that the bacterial microbiome of the gut was significantly affected by the
supplementation of the organic acids, individually and by their combination when compared to
fish fed the basal diet. Supplementing organic acids in high-plant-protein ingredients did not
benefit the growth performance of red drum. Further investigation on the immunological
parameters of the plasma and characterizing the gut microbiota are pending.
CNPQ: 207141/2014-2
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This study investigated the effects of dietary supplementation with the extrats of propolis and
Aloe barbadensis (aloe) on the antioxydant enzime activity, hematology and histology of the
spleen of Nile tilapia challenged with Aeromonas hydrophila. Seventy two juvenile Nile tilapia
were divided in four treatments and three replicates and fed extract mixture for 15 days: fish fed
supplemented diet with 1% of the mixture of extracts of propolis and aloe (1:1) injected with
phosphate-buffered saline (PBS); fish fed suplemented diet with 1% of the mixture of extracts
of propolis and aloe (1:1) injected with the A. hydrophila, fish fed supplemented diet with the
mixture of propolis extracts and aloe, injected with PBS and injected with A. hydrophila.
The influence of the supplementation of propolis and Aloe extracts on the immunomodulation
in tilapias was observed by the evaluation of the survival of the animals after challenge
with A. hydrophila. Non-supplemented fish had a 44.5% survival rate and those supplemented
with 1% of the mixture of extracts showed 55.6% survival 7 days after challenge. The
supplemented animals also showed a significant increase in the number of lymphocytes in the
evaluation of the blood parameters and, consequently, in the histopathological evaluation,
presented greater presence of centers of melanomacrophages. In addition, the activity of the
antioxidant enzymes glutathione reductase (GR) in the spleen presented a significant difference
in fish supplemented with 1% of the extracts mixture, being superior in the animals injected with
PBS when compared to those challenged with A. hydrophila.
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“Pacamã”, Lophiosilurus alexandri, endemic of “São Francisco’s” river, is a carnivorous specie
with sedentary behavior. The commercial farm production of “pacamã” in aquaculture has been
growing due to its fillet’s quality and absence of intramuscular bones. Furthermore, “pacamã”
presents ornamental farm potential. However, the knowledge of ingredients and diets digestibility
its fundamental for the success of L. alexandri production. Therefore, the objective was to
determinate the apparent digestibility coefficients of diets containing different ratios of crude
protein and non-fibrous carbohydrate for L. alexandri. A Latin square experimental design was
used with four treatments and four time periods (4 x 4). The crude protein and non-fibrous
carbohydrate ratios (CP NFC-1) of the diets were: 0.80, 1.10, 1.37 e 1.68. The experimental diets
were isoenergetic (4500 Kcal Kg-1) and isolipidic (11.8 %). The animal protein and vegetal protein
ratio of diets was 0.94 and 0.1 % of chromium oxide III was used as inert marker. Each time period
lasted seven days. The “pacamãs” (n=32) were weighting 381.19 g ± 81.05 g and they were
distributed in conical bottom aquariums (220 L). A modified Guelph collecting system was used
to collect the fish’s feces. Increasing CP NFC-1 ratios had demonstrated a positive linear effect of
apparent digestibility coefficients for dry matter, crude protein, crude energy, crude fat, nonnitrogen extract and neutral detergent insoluble protein. In conclusion L. alexandri are capable of
efficiently utilize diets rich in non-fibrous carbohydrate.
Keywords: carnivorous fish, fish production, neotropical species and nutrition.
Financial assistance: Fundação de Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG),
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) and Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq).
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The use of essential oils of lemongrass (Cymbopogon citratus) (EOCC) and rosemary (Lippia
gracilis) (EOLG) essential oils can be a promising alternative as an anesthetic inducer in
ornamental fish, as well as being a low-cost, easily accessible and non-polluting product. This
study aimed to verify the sedative and anesthetic effect of EOCC and EOLG as anesthetic in
freshwater angelfish juveniles. So, 112 juveniles were used (0.82 ± 0.02 g; 3.24 ± 0.05 cm;
n=8 by treatment). Anesthesia and anesthetic recovery times were evaluated with
concentrations of 10, 25, 50, 75, 100, 150 and 200 µL L-1 of each essential oil. The fish were
fasted for 24 h before the experiments. In the control group, the fish were submitted to a 1,800
µL L-1 ethanol solution (equivalent to the highest concentration used to dilute the essential
oils). Another control group was performed with fish exposed only to water. The evaluation of
both essential oils was verified by potential regression. Animals exposed to 10 µL L-1 of both
essential oils showed only sedation. Above this concentration all juveniles exposed to EOLG
were sedated and anesthetized. For EOCC, anesthesia only occurred from 50 µL L-1. The best
anesthetic and anesthetic recovery times were observed in freshwater angelfish submitted to a
concentration of 200 µL L-1 for both essential oils. At this concentration, the anesthetic and
anesthetic recovery times were 115.38 and 343.25 s, respectively, for EOLG and 239.25 and
349.75 s, respectively, for EOCC. It was concluded that both essential oils can be used as
anesthetics in freshwater angelfish juveniles at a concentration of 200 µL L-1, where EOLG
had better anesthesia times compared to EOCC.
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The growth of Brazilian fish farming has led to increase in the occurrence of diaseases of
aquatic organisms, generating productive and economic losses. Paraller to this growth, the
aquaculture, in the 80’s, intensifeid studies to evaluate the use of immunostimulants, among them
the β- glucan, which has a powerful action on the non- specific immune system of fish, promoting
prontection against many diseases. Thus, the c A total of 300 tilapia were distributed in 20
polyethylene boxes and divided into five groups; G1. Control diets (β- glucan free) for 30 days;
G2 Experimental diets (10g kg-1 of β- glucan) for 15 days, and then control diet (β- glucan free)
for 15 days; G3. Experimental diets (10g kg-1 of β- glucan) for 15 days were challenged, and then
control diet for 15 days; G4. Experimental diets (10g kg-1 of β- glucan) for 15 days, and were
challenged, and then experimental diet for 15 days; and G5. Experimental (diet 10g kg-1 of βglucan) for 15 days was challenges, and then diet with antioxidant vitamins and minerals (β- glucan
free) for 15 days. At 15 days of experiment, fishes of all levels were sampled, anesthetized in clove
oil solution (1g 10 L-1 of water), collected in 4 pots of each box (n = 12) for evaluation of
immunological variables and hematological. Then individuallu weighed on a semi-analytical
digital scale accurate to 0.01g, measured by an ichthyometer for biometric data collection. After
15 days, groups 3, 4 and 5 were challenged with stressful manangement (stress and infection with
1.0 x 108 CFU of S. agalactiae/ fish). At 30 days of experiment 4 fish from each box (n = 12) were
sampled and underwent blood collection and biometrics to evaluate the analyzes cited. This
experiment was conducted in a completely randomized desing with 10 treatments (five groups x 2
sampling times: 15 and 30 days of experiment with 4 replications each. The results were submitted
to the variance normality and homoscedasticity test (Brown- Forsythe Test) and to the variance
analysis (ANOVA). When relevant, the means were compared by Tukey’s test (5%). All statistical
analyzes were performed using the SAS statistical program, version 9.0. At 15 days of treatment
there were no significant changes for the variables weight, length, hemoglogin, concentration
hematocrit and leukocyte respiracyte respiratory activity. On the other hand, at 30 days of
treatment, the weight and length variables showed a significant difference between groups,
indicating that the β- glucan-fed group had lower dietary intake; however hemoglobin, hematocrit
and burst values did not differ between groups treatments. Comparing the values before and after
the injection of S. agalactiae, it was observed the the bacterial challenge promoted a reduction of
hematocrit and burst, independent of independent of treatments, promoting a decrease in the
energetic capacity of the fish, and immunosuppressi on with a decrese in the leukocyte respiratory
activity.

Grants: The São Paulo Research Foundation - FAPESP – Process number: 2012/22016-3.
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Pacu (Piaractus mesopotamicus) is an important fish for Brazilian aquaculture. Skeletal muscle
in fish constitutes a large part of body mass, representing an important amino acids source for
food. The myogenic processes is controlled by intrinsic and extrinsic factors, as low nutrient
availability. Periods of food deprivation are common, both in captivity as in natural
environments. These conditions can trigger physiological stress and induce the production of
reactive oxygen species (ROS). Antioxidant, such as ascorbic acid (AA), can contribute to ROS
neutralization influencing the muscle growth. This study aimed to evaluate the effects of AA
supplementation on muscle cell proliferation and differentiation in fasted animals (in vivo) and in
isolated muscle cells (in vitro). Pacu juvenile (≅ 30 g; ≅ 9 cm; n = 8 / group) were grouped in:
Control (continuous feed - 200 mg kg-1 of AA), Fasting (15 days of fasting) and three refeeding
groups for 6 hours, 15 and 30 days with different AA levels: Low (100 mg kg-1), Regular (200
mg kg-1) and Over-supplementation (400 mg kg-1). Pacu’s muscle cells were isolated and
cultured, following the treatments: Control (continuous complete medium - DMEM), Restriction
(R - 96 hours in a nutrient restriction medium); Restriction + DMEM (RD - 72 hours in
restriction medium and treatment for 24 hours in DMEM) and Restriction + Ascorbic acid (RAA
- 72 hours in restriction medium and 24 hours in DMEM + AA supplementation). Genes
expression related to cell proliferation (myod), differentiation (miog) and maintenance of
quiescence (pax7) were evaluated by RT-qPCR in the in vivo analyses. Measurements of
myotubes diameter were performed in the in vitro analyses. T-test and one-way ANOVA (p <
0.05) were applied for comparisons between groups. After fasting, the animals presented lower
myod expression compared to Control. Six hours after refeeding, the Over-supplemented group
had higher myod expression compared to the Control and higher pax7 expression compared to all
groups. After 15 days of refeeding, myod expression increased in the Over-supplementation
compared to the Low and Regular groups; myog expression was lower in the Regular and Oversupplementation compared to Control and Low groups and the pax7 expression increased in
Over-supplementation related to all groups. After 30 days, myod expression was higher in Oversupplemented group, while pax7 expression decreased compared to Control. Besides, the myog
expression was lower in the Low and Over-supplementation compared to Control and Regular
groups. Myotubes supplemented with AA, presented similar diameters to Control, while R and
RD groups presented smaller diameters. The low expression of myod in vivo and the smaller
myotubes in vitro, suggest that the nutrient deprivation period impaired the cell proliferation
mechanisms. In addition, the higher AA levels promoted better conditions for myogenic
processes over time, both in vivo and in vitro, indicating that AA can influence muscle growth
and can represent a potential treatment for improvements in aquaculture.
Grants: FAPESP 2017/26346-1, 2019/06708-1; CNPq 148108/2018-0
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The development of the aquaculture sector has increased the intensity of production systems, and
this intensification makes the fish continually exposed to factors stressful, as alteration on water
quality, intensive management practices, transport and high densities. The silver catfish (Rhamdia
quelen) is a rustic species, withstands low temperatures and accepts well artificial diets formulated
with different animal and vegetable ingredients. In addition to growth parameters, the evaluation
of blood parameters is a useful tool for monitoring the physiological, nutritional status and
diagnosis of fish pathologies. The objective of the present study was to evaluate the basal
biochemical levels of blood parameters and their possible alterations in females of adult silver
catfish fed pelleted diets with different levels of replacement of corn by crude glycerin. The present
study was conducted from December 2018 to July 2019, with a completely randomized design
consisting of 6 treatments and 5 repetitions, with treatments consisting of 0%, 20%, 40%, 60%,
80% and 100% substitution of corn by glycerin. Three females of silver catfish with mean weight
of 186.52±1.68g were distributed in 30 circular tanks of 1,000 L connected to a water recirculation
system. The fish were fed pelleted diets twice daily (8h:00 and 17h:00) until apparent satiety. At
the end of the experimental period, the fish were fasted for 24 hours and, subsequently, all fish
were anesthetized by immersion in a solution containing Eugenol, for subsequent blood collection
through caudal vein puncture, using a disposable needle and syringe. The collected blood was
placed in a 2 mL Eppendorf tube and centrifuged at 3600 rpm for 10 minutes to obtain the serum,
which was then stored in a refrigerator until analysis. The blood parameters analyzed were:
oxalacetic glutamic transaminase (OGT), pyruvic glutamic transaminase (PGT), cholesterol,
triglycerides, calcium, total proteins, alkaline phosphatase and glucose. We used commercial kits
of the brand Biotechnology Life to perform the analyzes and readings were taken on Mindray's
Model BS 120 Automatic Biochemical Analyzer. The obtained data were submitted to variance
analysis (5% probability) using Statistica 7.0® software. The substitution of corn by glycerol in
diets for adult females of silver catfish showed no significant difference between treatments,
however it affected basal levels of PGT, that were below the recommended for all treatments, and
triglyceride levels that were above the indicated for all treatments. However, this change does not
appear to be related to substitution of corn by glycerin, since the same occurred in animals of
control treatment.
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β-glucans are glucose polymers of fungal walls, such as yeast Saccharomyces cerevisiae, with
a potent immune action promoting serum proteins concentration increase, such as lysozyme
and complement system proteins, besides to stimulate phagocytic activity of macrophages,
leading to protection against many diseases. Thus, the aim of the present study was to evaluate
the β-glucan effects when administered before and after challenge and under stress
management on total protein (TP), albumin (ALB), globulin (GBL) and index A: G (A:G
index) of tilapia, Oreochromis niloticus. A total of 300 tilapia were distributed in 20
polyethylene boxes and divided into five groups: G 1. Control diet (β-glucan free) for 30 days;
G 2. Experimental diet (10g kg-1 of β-glucan) for 15 days, and then control diet for 15 days; G
3. Experimental diet (10g kg-1 β-glucan) for 15 days, and were challenge, and then control diet
for 15 days; G 4. Experimental diets (10g kg-1 β-glucan) for 15 days, and were challenged, and
then experimental diet for 15 days; and G 5. Experimental diet (10g kg-1 β-glucan) for 15 days,
and were challenged, and then fed diet with antioxidant vitamins and minerals (β-glucan free)
for 15 days. At 15 days of experiment, fish from all treatments were sampled, anesthetized in
clove oil solution (1 g 10 L-1 of water), and blood was collected from 4 fish from each box (n
= 12) to evaluate biochemical variables. After 15 days, groups 3, 4 and 5 were challenged with
stressful management (stress and infection with 1.0 x 108 CFU of Streptococcus
agalactiae/fish). At 30 days of experiment 4 fish from each box (n = 12) were sampled for
blood collection to evaluate biochemical profile. This experiment was conducted in a
completely randomized design with 10 treatments (five groups x 2 sampling times: 15 and 30
days of experiment) with 4 replications each. The results were submitted to the variance
normality and homoscedasticity test (Brown-Forsythe Test) and the variance analysis
(ANOVA) and the means were compared by the Tukey test (5%), SAS, 9.0. There was no
statistical difference for group and collection time interaction; however, TP decreased in
groups G4 and G5 (regardless of challenge), evidencing that prolonged administration of βglucan impaired protein production, possibly defense protein. This profile indicate that long
immunostimulation protocols are not appropriate and may impair immunity. Bacterial
challenge promoted significant changes in all variables, increased TP and GBL values, and
decreased ALB and A: G index (regardless of the period of β-glucan administration),
indicating that the presence of microorganisms stimulates the production of defense
components, evidenced by the increase of TP and GBL, and decrease of A: G index. It is
concluded that β-glucan prolonged administration may impair immune system, however other
immunological variables should be evaluated to verify the systemic action of this compound.
Grants: The São Paulo Research Foundation - FAPESP – Process number: 2012/22016-3.
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Nile tilapia is the fourth most produced fish species in the world, having global economic
importance. Intrinsic and extrinsic factors in tilapia may affect muscle development, directly
reflecting the cost of production. The objective of this study was to evaluate the effect of water
temperature on body development and the expression of myogenic transcription factor 1 (MyoD1)
and myogenin (Myog) genes in the skeletal muscle of Nile tilapia. Ten fishes from a reversed
TILAMAX strain male population (n = 10) averaging ± 10 g were randomly distributed in two 50
L aquariums and maintained at two different water temperatures (20 °C and 30 °C) for a period of
ten days. At the end of the experiment, the weight and standard length of the fish were measured
and after euthanization, white muscle samples from the epaxial region, at the dorsal fin level were
withdrawn for gene expression analysis. The samples were collected in liquid nitrogen and then
stored in a freezer at -80 ºC until the moment of analysis. Total RNA was extracted from muscle
using TRIzol® reagent (Invitrogen, Carlsbad CA, USA). Total RNA concentration and purity
were measured via a NanoDrop 2000c spectrophotometer (Thermo Fischer Scientific) at a
wavelength of 260 nm. Total RNA was treated with the DNase I amplification grade kit
(Invitrogen, Carlsbad CA, USA). Then DNase I-treated RNA was used in the synthesis of
complementary DNA (cDNA) using the SuperScript ™ First-Strand Synthesis SuperMix Kit
(Invitrogen Corporation, Brazil). Real-time reverse transcription polymerase chain reaction (RTqPCR) were performed with the fluorescent compound SYBR® Green PCR Master Mix (Applied
Biosystems, USA). The MyoD1 and Myog gene amplification primers were designed according to
the sequences deposited at www.ncbi.nlm.nih.gov. The β-actin gene was used as an endogenous
control. All analyses were performed in duplicate with 25 µL volume. The 2-∆CT method was used
for the analysis of relative gene expression and the results were expressed in arbitrary unit (UA).
The UNIVARIATE procedure was applied to verify the normality of the data, which were
evaluated by ANOVA. Means were compared by the Snedecor F test (P <0.05) (SAS version 9.0,
Inst. Inc., Cary, NC, USA). The effect of water temperature on weight and body length of fish
was observed. Fish submitted to 30ºC presented higher weight and body length than fish
submitted to 20ºC (24.89 ± 4.01 g vs. 21.28 ± 2.32 g; and 12.8 ± 1.29 cm vs. 10.44 ± 0.77 cm,
respectively). No effect of treatments on the expression of MyoD1 and MyoG genes was
observed. The results suggest that higher temperature environments lead to larger and heavier fish
due to increased metabolism rate and higher food intake, however, temperature differentiation in
the farming environment for ten days does not affect the expression levels of MyoD1 and MyoG
genes in juveniles of Nile tilapia.
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Fish with territorial behavior, such as siamese fighting fish, Betta splendens, are aggressive to
each other and therefore need to be transported individually to avoid injury and loss of mortality.
These fish are transported without the use of pure oxygen due to the presence of the air breathing
organ, which allows the use of small plastic bags with a small volume of water. However,
ornamental fish farmers in the municipality of Patrocínio de Muriaé, MG, Brazil, have reported
that individual siamese fighting fish male packaging increases costs as a function of labor and
the number of packages used. Thus, the alternative proposed by the breeders would be the
transport of these collectively packaged fish, using sedatives to reduce aggressiveness. Reducing
the number of plastic packaging would also make it possible to reduce environmental pollution.
Among the sedatives with potential to be used for this purpose, clove oil, Syzygium aromaticum,
stands out due to its myorelaxant property, which can reduce locomotor activity and agonistic
behavior. Thus, we aimed to evaluate collectively packaged transport Betta splendens adult
males sedated with clove oil. Fish were transported for 48 h in different concentrations of clove
oil: C5: 5 mg L-1; C10: 10 mg L-1 and C15: 15 mg L-1 of clove oil. Survival rate, body damage,
stress responses, oxidative state in the gills and water quality were evaluated. To evaluate the
effect of clove oil, analysis of variance and polynomial regression at 5% significance level was
performed using the R® 3.6.1 software (ExpDes.pt package). The concentration of 5 mg L-1, due
to low survival rate, and 10 mg L-1 of clove oil, due to high bodily damage, were not feasible for
collectively packaged transport of siamese fighting fish males. The highest concentration of
clove oil evaluated (15 mg L-1) showed high survival rate, lower body damage, lower stress
responses (blood glucose) and lower ammonia excretion in water, indicating the possibility of
transporting siamese fighting fish packaged collectively. However, at this concentration of clove
oil, the largest oxidative damage was observed in the fish gills (malondialdehyde and
carbonylated protein), probably due to its irritant effect. Adult males Betta splendens can be
collectively transported under sedation with 15 mg L-1 clove oil, but further studies are needed to
evaluate other sedatives that do not cause oxidative damage.
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Diseases caused by bacterial infections, such as Streptococcus agalactiae, are a major concern in
production systems of Nile tilapia. To minimize disease outbreaks, many fish farmers misuse
antibiotics, promoting the appearance of resistant bacteria strains, reducing beneficial microbiota
in fish’s gastrointestinal tract, besides leaving potentially harmful residues in fish. The use of feed
additives can improve fish growth and health and may be an environmentally viable alternative to
the use of antibiotics. Thus, the objective of this study was to evaluate selected immune responses
as well as the resistance of Nile tilapia against S. agalactiae infection when fed the additive
VILIGENTM. This additive, produced by Alltech Inc. (USA), includes hydrolyzed yeast, sodium
butyrate, and zinc and was added at increasing dietary levels (0.00, 0.06, 0.12, 0.24, and 0.48%),
replacing corn. Groups of 28 fish (1.97 ± 0.04 g and 4.83 ± 0.04 cm), were distributed in 30
experimental units, including six replicates for each dietary treatment. Fish were fed over a period
of 60 days. After that, fish were infected via gavage with S. agalactiae at 109 colony forming units
(CFU g-1 live fish). Fish mortality was recorded for the following fourteen days when fish
continued to receive their respective experimental diets. Before and after bacterial infection, three
fish from each experimental unit were anesthetized and blood samples were collected for analyses
of serum lysozyme, immunoglobulins, serum binding activity, and serum antimicrobial activity.
Resulting data were subjected to regression analysis (serum lysozyme, immunoglobulins, serum
binding activity, and serum antimicrobial activity incluir quais variáveis) or to Kaplan-Meier test
(fish mortality), with a significance level of 5%. Although without significant differences, fish fed
diets containing 0.06% VILIGEN™ presented highest survival (75.0%) after bacterial infection,
20% higher than fish fed the control diet (62.5%). In contrast, fish fed 0.12% presented the lowest
survival (52.5%). Before bacterial infection, the supplementation of VILIGENTM in the diets did
not affect fish immune responses, regardless of the inclusion level tested. Similarly, after bacterial
challenge, fish immune responses were not affected by the dietary supplementation of
VILLIGEN™, except for the immunoglobulin activity, which showed a decreasing linear
response with the dietary inclusion of VILIGEN™, ranging from 36.95 to 28.14 mg mL-1.
Therefore, the addition of 0.06% VILIGENTM improved survival of Nile tilapia juveniles when
challenged against Streptococcus agalactiae via gavage but such results could not be explained by
the improvement of the immune responses evaluated.
Acknowledgments: This study was financed in part (fellowships) by CAPES-Brazil (Finance Code
001) and CNPq-Brazil as well as by Alltech, Inc. (Nicholasville, KY, USA).

58

Envimental enrichment and amino acid food supplementation effect on the agonistic
behavior and welfare of tilapia.
João Favero Neto1*, Percilia Cardoso Giaquinto1,2
*Pesquisador Científico; 1,2Centro de Aquicultura; Via de acesso Prof. Paulo Donato Castellane
s/n; 14884-900 – Jaboticabal – SP; joao.favero@unesp.br; 2Universidade Estadual Paulista,
Instituto de Biociências, Botucatu, SP
The worldwide fish production and consumption increase has led many countries to consolidate
their aquaculture activity and Brazil stands out, being one of the major countries responsible for
fish production. Considering that, it is essential to think about an activity that considers the
system sustainability and the animal welfare. Other zootechnics productions have already
modified their breeding systems in order to meet such production concepts, but also to serve a
more demanding consumer market. Among the practices that may be adopted it is included the
use of environmental enrichment and food supplementation to improve the animal welfare. Thus,
the present study evaluated the behavior and welfare of tilapia-do-Nilo submitted to
environmental enrichment and food supplementation influenced treatments. Aquariums with
capacity of 300 liters were used, the water temperature was kept at 26ºC ± 2ºC and their
physicochemical parameters stood within the recommended for the species. Tilapia juveniles
(gift) were split into two treatments: artificial water hyacinth and L-tryptophan supplementation
(2.56% in the diet), and control, all with four replications and 40 fishes each. To verify the
agonistic behavior and stereotypes, aquarium video recordings were performed: 15 minutes
before the first meal of the day (initial) and 15 minutes after the food offering (final). For the
agonistic behavior, the animal confrontation number was quantified, while for the stereotyped
behavior the act of rubbing (scratching) against a surface was measured. Data analysis was
performed using the Shapiro Wilk test for normality, Levene test for homoscedasticity, and
Kruskal Wallis with Dunn post-hoc test for statistical difference. Regarding the agonistic
behavior, tryptophan treatment presented an attenuating confront effect. Thus, it was established
that the individuals in this treatment had the lowest confront rates, due to the amino acid being a
serotonin promoter, a neurotransmitter involved in the control of aggressive behaviors and
susceptibility to stress. On the other hand, high confront rates were observed for control
individuals, probably due to breeding environment monotony. For the treatment with artificial
water hyacinth, the confrontation rate was higher due to the dispute for the environmental
enrichment. However, when it comes to ethology, the treatment that comes closest to a resource
that would be found in nature is the artificial water hyacinth one, which presented the best result
for the stereotypy. The offered resource helped the animal to deal with restrictive environmental
conditions, relieving their stress. Finally, tryptophan and artificial water hyacinth treatments
have helped to improve the welfare of individuals, and their use together may improve the life
quality of the bred fish, as they have shown results that may complement each other.
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L-tryptophan supplementation effect on the aggressive behavior of tilapia-do-Nilo.
João Favero Neto1*, Percilia Cardoso Giaquinto2
*Pesquisador Científico; 1,2Centro de Aquicultura; Via de acesso Prof. Paulo Donato Castellane
s/n; 14884-900 – Jaboticabal – SP; joao.favero@unesp.br; 2Universidade Estadual Paulista,
Instituto de Biociências, Botucatu, SP
The fish breeding has been growing and in Brazil the tilapia production must be
highlighted. Therefore, it is necessary to evaluate the development of such activity,
respecting the sustainability and animal welfare concepts. Such concepts that consider the bred
animal life quality have became more relevant recently, being adopted in several animal
productions, however, the aquaculture production scenario is still in contrast with this
practice. Due to this, it is necessary to improve the tilapia productive chain, in which the
animals are bred in intensive systems with high density, causing high aggressiveness levels
related to the heterogeneous growth and species territorialism, since such factors can
significantly compromise the production. An alternative for aggressiveness reducing may
be the increase of serotonin to the production by the amino acid tryptophan (TRP) diet
supplementation. Serotonin is a neurotransmitter that regulates behavioral processes, including
aggression and stress. Thus, this study evaluates different concentrations of TRP in the diet of
tilapia juveniles in order to analyze the individual aggressive behavior, with the following
treatments: T1 (control with 0.32% TRP), T2 (1.28% of TRP) and T3 (2.56% TRP). Eight fishes
of each treatment were kept in individual 23 liter aquariums for seven days and fed once a day
with their diets for the evaluation experiment. Then, the mirror test was applied on the eighth
day to verify the aggressiveness of the fish based on the behavior of facing a co-specific. The
number of attacks on the mirror image was accounted for further analysis using Shapiro Wilk
statistical test for normality, Levene test for homoscedasticity, and the Kruskal Wallis test
with Dunn's post-hoc test for statistical difference. The fishes supplemented with the highest
tryptophan (T3) level presented the lowest number of attacks to the reflected image during
the observed period. There was no statistical difference between T1 and T2 treatments and
between T2 and T3 treatments (p > 0.05), however, it was observed statistical difference
between T1 and T3 treatments (p < 0.05). It was concluded that the diet with the highest
tryptophan concentration reduced the tilapia agonistic behavior and can present an efficient
strategy for the welfare and management of this species, which presents great worldwide
economic interest.
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The growth of cachama hybrids, cachamoto (Colossoma macropomum ♀ x Piaractus
brachypomus ♂) and cachamay (Piaractus brachypomus ♀ x Colossoma macropomum ♂) fed
high-fiber (9%) and low-fat diets (7%) was compared for 154 days to determine which showed
the better productivity. The experiment was carried out in three earth ponds, each divided
transversely with a plastic net, yielding six experimental units. Juveniles of cachamoto of 12.92
± 2.44 g and 6.75 ± 0.42 cm and cachamay of 16.65 ± 3.64 g and 7.41 ± 0.62 cm were
distributed in each sub-tank of 240 m2 at a density of 0.5 fish m-2 . The fish were fed twice daily
except on days when their weight and length, and the physical and chemical parameters of the
water were measured. The following productive variables were evaluated: growth in weight and
length, daily weight gain, daily feed intake, apparent feed conversion, specific growth rate,
condition factor, productivity and the cost/benefit relationship. None of the analyzed variables
presented statistical difference between the treatments. The physical and chemical parameters of
the water remained within the recommended values for cachama, and survival was 100%. Based
on the results obtained, it can be concluded that cachama reciprocal hybrids present a similar
productive behavior, so that it is immaterial which one is chosen to be raised under the
conditions evaluated.
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Exposure to mercury in the Amazon region has attracted attention from researchers around the
world, not only for the contamination of bodies of water, but also for the contamination of fish and
humans. With a large amount of mercury spilled into the riverbed due to the prospector activity,
the Amazon still has mercury from the erosion of Andean rocks. In water bodies, this toxic element
can take much more toxic organic forms to organisms than its inorganic form. The effects of this
metal contamination are vast and many are not yet fully elucidated. However, despite so many
studies in this area, until recently there was no research that sought to identify a biomarker of
mercury exposure in animals exposed to the element. Therefore, this study aimed to evaluate
possible protein biomarkers of mercury exposure in fish to facilitate the monitoring of this metal
in fish and the environment. Fish samples were collected in the Madeira / Rondônia River, being
nine fish of the species Plagioscion squamosissimus and ten of the species Colossoma
macropomum. For both protein separation and enzymatic activity analyzes, the samples were
macerated, generating pools for each species and tissue. Two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE), 15% was used to fractionate proteins and mass spectrometry to
identify them in protein SPOTS. Mercury was quantified by Graphite Furnace Atomic Absorption
Spectrometry (GFAAS). The activities of catalase (CAT), glutathione peroxidase (GPx),
glutathione S-transferase (GST), superoxide dismutase (SOD) and lipid peroxidation (LPO)
enzymes were also analyzed and compared with mercury concentrations found in tissues. The
highest total mercury concentrations were found in carnivorous species (P. squamosissimus,
279±4.41 liver tissue and renal 115±2.13 μg kg-1) than in omnivorous species (C. macropomum,
198±3.11 and renal 88±1.52 μg kg-1) and that the accumulation pattern of this metal was higher in
hepatic tissues than in renal tissues for both species. The same was observed in protein pellets
(206±3.54 and 81±1.41 μg kg-1 in the liver and kidneys of P. squamosissimus, respectively and
145±2.43 and 65±0.94 μg kg-1 in liver and kidneys of C. macropomum, respectively) corroborating
previous studies with other Amazonian fish species. There was also a tendency for greater
enzymatic activity in the liver and renal tissues of P. squamosissimus, species with higher
concentration of total mercury. The results of this study contribute to the understanding of the
physiological aspects underlying mercury toxicity, as well as to provide new perspectives on
possible biomarkers for aquatic environmental monitoring.
Apoio Financeiro: CAPES e FAPESP
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The non-starch polysaccharides (NSP) are the main compound of the plant-based feedstuffs cell
wall and cannot be digested by most non-ruminant animals due to the complex chain bonds and
that are resistant to hydrolysis in the digestive tract. The main function of exogenous
carbohydrase supplementation is to break down these complex NSP structures, to avoid the loss
of valuable nutrients and its economic and environmental impact. This present study aimed to
evaluate the productive performance of Nile tilapia fed with an enzymatic carbohydrase complex
(Rovabio Advance®) on practical diets with non-starch polysaccharide levels. The study was
performed for 90 days, in a fiberglass tank with 430 L usable volume. The test was carried out
using 360 sex-reversed male Nile tilapia juveniles from the Gift strain, with initial weight of
27.83 ± 0.18 g. Fish were kept at a density of 12 fish per fiberglass tank. Fish were fed to satiety
four times a day, at 8:30 a.m., 11:30 a.m., 2:30 p.m. and 5:30 p.m. Ten experimental diets were
formulated with different proportions of the same ingredients in order to contain similar values of
digestible protein (250 g Kg−1) and approximately 13.82 Mj kg−1 of digestible energy. The diets
were produced with two NSP levels (high and low) and five carbohydrases levels (0, 50, 100, 200
and 400 mL tonnes−1), following a factorial model (2x5). Rovabio® Advance L2, Adisseo is a
highly purified combination of NSP-splitting enzymes, endo-1.4-β-xylanase (12500 UV/mL) and
Endo-1,3(4)-ß-glucanase (8600 UV/mL), produced by Talaromyces versatilis fungus
fermentation and recommended for pelleted feed up to 90 °C (Adisseo recommendations). The
treatments were called by 0ENZ-LNSP, 05ENZ-LNSP, 1ENZ-LNSP, 2ENZ-LNSP, 4ENZLNSP, 0ENZ-HNSP, 05ENZ-HNSP, 1ENZ-HNSP, 2ENZ-HNSP and 4ENZ-HNSP,
corresponding for levels of carbohydrases (ENZ) and H (high) and L (low) NSP. In final weight
there was no significant difference (P> 0.05) to the enzymatic levels, presenting significance (P
<0.05) only between NSP levels with the best mean (328.37 g). The 1ENZ-HNSP treatment
obtained the highest final weight mean (328.37 g) among the treatments, being higher than low
NSP diets with the same enzymatic level (224.88 g). There was a significant difference (P <0.05)
in the feed conversion rate to the NSP levels and not significant difference (P> 0.05) to the
carbohydrase levels. The best FCR was reported to control treatment in the low NSP levels and
the worst mean was found to the 4ENZ-LNSP (1.48). On the other hand, the best FCR mean was
presented to the 1ENZ-HNSP (1.23) with high NSP levels and 100 mL tonnes -1 of enzymatic
complex. The protein efficiency rate (PER) presented significant differences for the enzymatic
levels (P <0.05) and for the statistic interaction (P <0.05). The best mean PER was observed in
fish corresponding to the 1ENZ-HNSP treatment with (2.98 value) and the worst PER
performance was showed in the 2ENZ-LNSP treatment with 2.39. Nevertheless, the high NSP
levels provides a higher PER utilization with enzyme supplementation. In other words, when
there is not enough NSP on the diets, there is no necessary enzyme supplementation. Thus, based
on these parameters, we can conclude that the 1ENZ-HNSP treatment with better performance for
Nile tilapia fed with an enzymatic carbohydrase complex.
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Protein level is one of the most important factors for fish development and growth. The
metabolic profile may act as good indicator of physiological and nutritional status as a function
of the diet offered to fish. In addition, different diets may cause changes in blood metabolite
concentration and may reflect biochemical adjustments. The objective was to evaluate the
effect of different digestible protein levels derived from the dilution method on pacu blood
metabolites. Fish were allocated in 18 boxes (10 fish/box) and fed, three times a day, for seven
weeks. The experimental design consisted of six isoenergetic (3.300 kcal) experimental diets
(15.0, 18.5, 22.0, 25.5, 29.0 and 32.5% DP). For the analysis of metabolites in the blood were
collected three fish from each box. In these collections, a blood sample was taken by caudal
puncture. After centrifugation, plasma and serum were stored at -18°C. Were analyzed: plasma
glucose, triglycerides, cholesterol, total proteins and serum ammonia concentrations. The results
were submitted to ANOVA and the means were compared by the Tukey’s test (5%). Our
results indicate that the administration of different levels of digestible protein promoted
significant differences (P <0.05) in plasma glucose, triglycerides, total proteins and cholesterol,
however, no significant differences were observed in serum ammonia. Diets containing the
lowest levels of digestible protein contained higher carbohydrate inclusions. This may be
related to the glucose concentrations found in the diets of 15.0, 18.0, and 22.0%, since the
fish that received these diets had higher circulating glucose concentration, as well as
triglycerides and total cholesterol. Moreover, it was expected an increase in serum ammonia with
the increase of protein concentration in the diets, but only total proteins in serum increased in
highest dietary protein. It can be concluded that digestible protein altered blood metabolites and
this could be related with others dietary components.

64

Apparent digestibility coefficients of nutrients and energy of poultry viscera
meal for Macrobrachium rosenbergii
Lilian Carolina Rosa da Silva*, Rosane Lopes Ferreira1, Nathã Costa de Sousa1, Eduardo Luís
Cupertino Ballester2, Leonardo Aluísio Baumgartner3
* Professor, PhD; Universidade Federal do Paraná; Rua Pioneiro 2153; 85950-000 – Palotina – PR;
lcrsilva@ufpr.br; 1Programa de Pós-graduação em Aquicultura e Desenvolvimento Sustentável, UFPR;
2
Universidade Federal do Paraná, Palotina, PR; 3Curso de graduação em Engenharia de Aquicultura, UFPR

Freshwater prawn farming is an activity that has been developing over the years, because to the
large availability of water resources and the availability of ingredients that favor the formulation
of feed. However, some feeds that make up diets such as fishmeal have high market value, which
costs production. In an attempt to minimize the operational ones, several researches have been
developed to evaluate substitute ingredients for fishmeal without compromising the nutritional
value of the diet. The objective of this work was to determine the apparent digestibility
coefficients of dry matter, crude protein, ether extract and gross energy of poultry viscera meal
for juveniles of Macrobrachium rosenbergii. For the determination of apparent digestibility
coefficients (ADC), 90 shrimps with an average weight of 15g were used, randomly distributed
among three 1000L circular polyethylene tanks. The reference diet was formulated according to
the requirement of the animal with 35% crude protein and 3,600 kcal gross energy kg-1. The test
diet was based on poultry viscera meal consisting of 70% of the reference diet and 30% of
poultry viscera meal. Prawn were fed three times a day (at 7:30 am, 12:30 pm and 6:30 pm) until
their apparent satiety, fecal collection was undertaken out by the indirect siphoning method twice
a day at the same feeding place (7:30 am and 6:30 pm). System temperature was maintained at ±
27°C, dissolved oxygen 6.65 (mg L-1) and mean pH 7.76. Other parameters such as ammonia,
nitrite, hardness and alkalinity remained within the recommended values for the prawn.
The chemical composition of the hydrolyzed feather meal found in the study was de 96.40% dry
matter, 46.41% crude protein, 6.12% ether extract and 4,730 (kcal g-1) gross energy. The ACDs
for dry matter, crude protein, ether extract and gross energy were 76.48%, 81.55%, 97.29% and
85.13%, respectively, while digestible nutrient and energy values were 72.81% for dry matter,
47.27% for crude protein, 12,24 % for ether extract and for gross energy of 4,285 (kcal g-1). The
apparent digestibility coefficients found in the present study for poultry viscera meal were
76.48% dry matter, 81.55% crude protein, 97.29% ether extract and 85.13% crude energy for
prawn M. rosenbergii.
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In aquaculture, food represents up to half of the operational costs, thus, the search for new
ingredients is of great importance to reduce expenses in the production chain, as well as
environmental impacts generated, especially in the prominent activities in this sector, such as
freshwater prawn farming. The objective of this work was to determine the apparent digestibility
coefficients of dry matter, crude protein, ether extract and gross energy of hydrolyzed feather
meal for juveniles of Macrobrachium rosenbergii. For the determination of apparent digestibility
coefficients (ADC), 90 shrimps with an average weight of 15g were used, randomly distributed
among three 1000L circular polyethylene tanks. The reference diet was formulated according to
the requirement of the animal with 35% crude protein and 3,600 kcal gross energy kg-1. The test
diet was based on hydrolyzed feather meal consisting of 70% of the reference diet and 30% of
hydrolyzed feather meal. Prawn were fed three times a day (at 7:30 am, 12:30 pm and 6:30 pm)
until their apparent satiety, fecal collection was undertaken out by the indirect siphoning method
twice a day at the same feeding place (7:30 am and 6:30 pm). System temperature was
maintained at ± 27°C, dissolved oxygen 6.65 (mg L-1) and mean pH 7.76. Other parameters such
as ammonia, nitrite, hardness and alkalinity remained within the recommended values for the
prawn. The chemical composition of the hydrolyzed feather meal found in the study was 94.94%
dry matter, 52.62% crude protein, 3.04% ether extract and 4,709 (kcal g-1) gross energy. The
ACDs for dry matter, crude protein, ether extract and gross energy were 73.82%, 75.21%,
73.17% and 76.42%, respectively, while digestible nutrient and energy values were 65.02% for
dry matter, 65.03% for crude protein, 2.69% for ether extract and for gross energy of 4,145 (kcal
g-1). The apparent digestibility coefficients found in the present study for hydrolyzed feather
meal were 73.82% dry matter, 75.21% crude protein, 73.17% ether extract and 76.42% gross
energy for giant freshwater prawn juveniles.
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The cultivation of fish in Bioflocs Technology system (BFT) consists of reduced water use, high
productivity and natural food availability. Food management strategies in this system are
necessary for the maximum utilization of microbial flakes, avoiding excess food and consequent
cost reduction. Therefore, the objective was to evaluate the effects of different feeding rates (0;
2.5; 5.0; 7.5; 10% of biomass.day-¹ BM.d-¹) on body chemical composition and nutrient retention
of tilapia juveniles cultivated in BFT under recirculation. A clear water recirculation system (RAS)
in which fish were fed 10% of BM.d-¹ was evaluated as additional control treatment. Fish (3.01 ±
0.1g) were distributed in tanks of 50 L, 15 fish per tank (300 fish.m-³) with average weight 3.01 ±
0.1g, fed commercial ration (42% CP), in three meals.day-¹ for 10 weeks. At the end of the
experiment, six fishes were collected per experimental unit, euthanized by overdose of anesthetic
(benzocaine), crushed and frozen for subsequent analysis of dry matter, moisture, ash, ether
extract, protein and energy. The Efficiency of Protein Retention - EPR was calculated; Energy
Retention Efficiency – ERE; Crude Protein in Weight Gain – CPWG and Gross Energy in Weight
Gain – GEWG. The data were submitted to normal distribution (Shapiro-Wilk test) and the
homogeneity of variances (Bartlet test), the assumptions were analyzed, analysis of variance (one
way ANOVA) and Tukey test (α = 0.05%) were performed. Juveniles fed from 2.5% of BM.d-¹
showed no increase in protein content due to the increase in food supply. The increase in feed rates
from 5.0% of BM.d-¹ increased the contents of ether extract and gross body energy and promoted
the decrease in body moisture content. In different production systems, the centesimal composition
of animals fed 10% of BM.d-¹ was not altered (P >0.05). EPR and ERE decreased (P <0,05)
proportionally to the increment in BFT feeding rates, however, the contribution of the juvenile
PBGP was not altered (P > 0.05) due to these rates (P >0.05) due to these rates. The supply of food
above 5.0% of BM.d-¹ did not produce responses on GEWG. The contribution of CPWG and GEWG
of fish fed 10% of BM.d-¹ were similar (P >0.05) between the cultivation systems. We conclude
that the use of feeding rates higher than 5.0% of BM.d-1 in juvenile phase in BFT are not
recommended for reducing nutrient retention.
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In intensive systems, the supply of adequate quantity and quality ration is essential to meet the
nutritional demand of the fish stocked. However, the Bioflocs Technology System (BFT), despite
being intensive, has a high availability of natural food. Therefore, it is necessary to determine the
exogenous feeding rate which considers the best relationship with the supplementary character of
microbial flakes. The histological study of tissues assists in the evaluation of organ development
in response to food intake and environmental conditions. Therefore, the objective of this study was
to evaluate the effects of different feeding rates (0; 2.5; 5.0; 7.5; 10% of biomass. day-¹ BM.d-¹)
on the histological characteristics of the liver and intestine of juvenile Nile tilapia cultivated in a
recirculation system with bioflocs (SRB). An additional control treatment with 10% of BM.d-¹ was
used in clear water recirculation system (RAS). After ten weeks, three fishes per experimental unit
were randomly collected, euthanized by anesthetic overdose (benzocaine 500mg.L-¹), necropsied
for the collection of fragments of the liver and the anterior intestine. The samples were submitted
to routine histological processing, and subsequently, cuts of 5 µm of thickness were stained using
hematoxylin and Eosin (HE) and Periodic Acid Schiff (PAS). The density of the hepatic steatosis
volume, height, width, density and the number of caliciform cells of the intestinal villi were
determined. The Hepatosomatic (HSI) and Liposomatic Index (LSI) of fish were also evaluated.
The effects of increased hepatic structure and accumulation of visceral fat are structurally observed
with the increase of vacuolization and displacement of the nucleus to the cell periphery in response
to the increase in feeding rates up to 8.6% of BM.d-¹. The fish HSI and LSI gradually increased
with the increase in food supply between 5.0 and 7.5% of BM.d-¹. The behavior of somatic indices
(HSI and LSI) was similar in juveniles fed 10% in different systems, however, the volume of
steatosis was higher in SRB. From 5% of BM.d-¹ Higher feeding rates did not produce responses
at the height of intestinal villi, however, the animals fed 10% of BM.d-¹ in SRB showed higher
villous height in relation to the same rate in RAS. Already the width of the vilosities was increasing
with food intake up to 5.7% of BM.d-¹, decreasing from this point. The height/width ratio was
higher in fish fed 10% of BM.d-¹ cultivated in SRB, differing statistically from fish cultivated in
MRS. Villi density increased with the increase of feed rates up to 7.5%. The fish kept in RAS
showed lower density of villi than those maintained with 10% of BM.d-¹ in SRB. The number of
caliciform cells increased linearly as a function of the largest food intake in SRB. These results
demonstrate that the minimum feeding rate to be used in the creation of tilapia juveniles in BFT is
between 5.0 and 6.0% of BM.d-¹ for adequate morphological development of the intestine and not
excessive deposition of lipids in the liver.
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Improving economic indexes and reducing environmental impacts are reasons for expanding studies
on animal digestibility, the aim of the present study was evaluating the effects of different levels of
an enzyme complex on apparent digestibility coefficients for crude protein (ADC-CP) and gross
energy (ADC-GE) of eight experimental diets for juveniles Nile tilapia. O present experiment
aimed to study the use of a complex multienzyme composed mainly of exogenous carbohydrate in
diets extruded practices for Nile tilapia production. The diets were formulated with different
proportion of the same ingredients in order to contain approximately 16.74 Mj kg−1 of gross
energy. The practices diets were produced with two crude protein (CP) 320 and 350 g kg-1 levels
and four carbohydrases levels (0, 25, 50 and 100 g tonnes−1), following a factorial model (2x4).
Rovabio® Advance T-Flex, Adisseo is a highly purified combination of NSP-splitting enzymes,
endo-1.4-β-xylanase (25000 UV/mL) and Endo-1,3(4)-ß-glucanase (17200 UV/mL), produced by
Talaromyces versatilis fungus fermentation and recommended for pelleted feed up to 90 °C
(Adisseo recommendations). The treatments were called by 0ENZ-32CP, 25ENZ-32CP, 50ENZCP, 100ENZ-CP, 0ENZ-35CP, 25ENZ-35CP, 50ENZ-35CP and 100ENZ-CP. The study was
performed in fiberglass tanks with 430 L usable volume. The test was carried out using 608 sexreversed male Nile tilapia juveniles from the Gift strain, with initial weight of 27.83 ± 0.18 g. Fish
were kept at a density of 19 fish per fiberglass tank and fed to apparently satiety four times a day,
at 8:30 a.m., 11:30 a.m., 2:30 p.m. and 5:30 p.m. There was a significant difference between
protein and enzyme levels applied (P <0.05). In general, the best CDA-CP averages of the diets
were observed in the treatment of 25ENZ-32CP (85.20%), while for the 350g kg-1 crude protein
level the best average was recorded for control treatment (91.79%). The best apparent digestibility
coefficient for gross energy was obtained in the 25ENZ-32CP treatment with 76.99%. While the
35% CP level in the diet with the best average CDA-GE was treated by 25ENZ-35CP treatment
(86.41%). Considering the protein levels attributed to the diets, the best average for CDA-CP was
observed for the diet containing 350 g kg-1 (89.20%) and for the CDA-GE the best average was
also observed for the diet containing 350 g kg-1 (82.74%). The best average for CDA-CP was
observed for the diet containing 350 g kg-1 (89.20%) and for the CDA-GE the best average was
also observed for the diet containing 350 g kg-1 (82.74%). In conclusion, considering the most
reliable mean for the present study, the best carbohydrase inclusion level is 25g tonnes− 1
regardless of the protein level studied.
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The study of alternative foods seeks to subsidize the production of diets of the same nutritional
quality, providing performance equivalent to those formulated with conventional foods. The
silver catfish (Rhamdia quelen) it is a species widely distributed in southern Brazil, rustic, fast
growing and withstanding low temperatures. It accepts well artificial diets formulated with
different ingredients of animal and vegetable origin. Greater knowledge about the food biology
of this species may enable the establishment of methodologies appropriate to its management.
Glycerin, derived from the manufacture of biodiesel, is a potential source of energy for fish feed.
The objective of the present work was to determine the ideal level of corn substitution by
glycerin in pelleted diets for jundiá and its effect on the zootechnical performance of fish. Five
adult fish, with an average weight of 188.69±0.69g, being three females and two males, were
distributed in 1000 L circular polyethylene tanks, connected to a water recirculation system, with
biofilter and oxygenation system. The fish were fed twice a day (08:00h and 17:00h) until
apparent satiety, with diets containing increasing levels of glycerin, in a completely randomized
design with 6 treatments (0%, 20%, 40%, 60%, 80% and 100% substitution of corn for glycerin)
and 5 replications. At the end of the experimental period (208 days), the fish were fasted for 24
hours and euthanized with Eugenol anesthetic overdose and later it was determined final weight
(g), total and standard length (cm), head size (cm), height (cm), width (cm), eviscerated and
without head carcass yield (g), carcass yield (%), fillet yield (%), weight gain (g), apparent feed
conversion, survival (%) and specific growth rate (% day-1). The obtained data were submitted to
analysis of variance (5% probability) using Statistica 7.0® software. The growth parameters were
not influenced by the treatments (P>0.05), however, weight gain results indicate better
performance of animals fed with diets containing higher levels replacement of corn by glycerin
(0.0%: 240.81g; 20%: 289.41g; 40%: 318.55g; 60%: 331.59g; 80%: 352.19g; 100%: 320.46g).
Therefore, the replacement of ground corn by glycerin, derived from biodiesel production, may
be an alternative use of this co-product in fish nutrition, reducing the impact of this residue on
the environment, as it does not negatively affect the growth of adult silver catfish, even with
100% replacement.

70

Blood biochemical parameters of males silver catfish (Rhamdia quelen) fed with diets
containing glycerol
Marlise Teresinha Mauerwerk1*, Izabel Volkweis Zadinelo2, Julia Isabelle de Couto Siqueira3, Crislaine
Rambo Firmino3, Pedro Argel Zadinelo Moreira4, Robie Allan Bombardelli5, Lilian Dena Dos Santos2,
Fabio Meurer1,2
*Pos-graduation student; Laboratório de Produção e Reprodução de Peixes (LAPERP), Universidade Federal do
Paraná, Rua Pioneiro, n° 2153, Dallas, Palotina-PR; (45)99934-4673 marlisemauerwerk1@gmail.com
1
Programa de Pós Graduação em Zoologia, Universidade Federal do Paraná (UFPR), Curitiba-PR; 2 Programa de
Pós Graduação em Aquicultura e Desenvolvimento Sustentável, Universidade Federal do Paraná (UFPR), PalotinaPR; 3 Graduação Engenharia de Aquicultura, Universidade Federal do Paraná (UFPR), Palotina-PR;4 Hospital
Veterinário, Universidade Federal do Paraná (UFPR), Palotina-PR; 5 Programa de Pós Graduação em Zootecnia
Universidade Estadual do Oeste do Paraná (UNIOESTE), Marechal Cândido Rondom-PR

Fish is an important source of animal protein for the most part of the population, so fish and
other fishery products are among the food items most traded in the world. In intensive farming
systems, fish are susceptible to various diseases, that are responsible for economic losses, either
by delayed development of animals, treatment cost or animal mortality. Hematological
evaluation of fish is of great importance in the study of adverse conditions that may affect
homeostasis and may contribute to the diagnosis of diseases. The aim of the present study was to
evaluate the basal biochemical levels of blood parameters and their possible alterations in adult
male of silver catfish fed pelleted diets containing different levels of replacement of corn by
crude glycerin. The present study was conducted from December 2018 to July 2019, with a
completely randomized design consisting of 6 treatments and 5 repetitions, with treatments
consisting of 0%, 20%, 40%, 60%, 80% and 100% substitution of corn by glycerin. Two males
silver catfish with an average weight of 192.08 ± 3.91 g were distributed in 30 circular tanks of
1,000 L connected to a water recirculation system with oxygenation system. Fish were fed
pelleted diets twice daily (8h00 and 17h00) until apparent satiety. At the end of the trial period,
the fish were kept fasting for 24 hours and, subsequently, all fish were anesthetized by
immersion in a solution containing Eugenol, for subsequent blood collection through caudal vein
puncture, with the aid of needle and disposable syringe. The collected blood was placed in a 2
mL Eppendorf tube and centrifuged at 3600 rpm for 10 minutes to obtain the serum, which was
then stored in a refrigerator until analysis. The blood parameters analyzed were: oxalacetic
glutamic transaminase (OGT), pyruvic glutamic transaminase (PGT), cholesterol, triglycerides,
calcium, total proteins, alkaline phosphatase and glucose. We used commercial kits of the brand
Biotechnology Life to perform the analyzes and readings were taken on Mindray's Model BS
120 Automatic Biochemical Analyzer. The obtained data were submitted to variance analysis
(5% probability) using Statistica 7.0® software. The substitution of corn by glycerol in diets for
males of silver catfish showed no significant difference between treatments, however the levels
of PGT and triglycerides were outside the recommended values, a fact that may be justified by
the prolonged fasting period (24 hours), which leads to decreased liver enzymes and elevates
blood triglyceride levels. Therefore, the replacement of corn by glycerol may be an alternative in
feeding of silver catfish.
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The grape pomace, a by-product of juice industry, has been widely studied due to the high
concentration of phenolic compounds that act as antioxidant, which could be considered by the
fish feed industry as a promising functional feedstuff. In intensive fish culture, several stressors
may impair fish homeostasis, and antioxidant enzymes, such as superoxide dismutase (SOD) and
catalase (CAT) represent part of the enzyme defensive system against oxidative stress, that convert
superoxide radical anion to H2O2 and then to water. The aim of this study was to evaluate CAT
activities of Nile tilapia fed an isonitrogenous and isocaloric diet coated with grape pomace flour
(GPF) levels and a resveratrol (RES) subjected to heat/dissolved oxygen‐induced stress (HDOIS).
A group of six hundred juveniles were randomly distributed in 40 circular aquaria, in a closed
recirculation system, with constant aeration and temperature. Fish were distributed into eight
experimental treatments: 0%; 0.2%; 0.4%; 0.6%; 0.8%; 1.0%; 1.5% and 0.02% of RES for 30
days. Afterward, four fish per aquaria, were transferred to the challenge room and submitted to
two days of HDOIS due to the gradual increase of the water temperature from 26 to 34°C and
decreasing of the oxygen concentration from 3.5 to 0.8 mg/L-1. Liver samples obtained before and
after HDOIS were used for antioxidant enzyme activity analyses. Fish were euthanized by a lethal
dose of benzocaine solution (1.0 g/L-1). Data were analyzed using one-way analysis of variance
(ANOVA) to determine whether the inclusion levels of GPF and RES significantly affected
responses. Statistical analysis was performed by Student t-test to compare values obtained before
and after stress. Fish fed 0.6, 0.8, 1.0, 1.5 GPF and RES showed a decrease on CAT activity
(P<0.05). In conclusion, grape pomace flour levels (0.6, 0.8, 1.0, 1.5%) and resveratrol level
(0.02%) spared CAT activity.
The authors are grateful to the Coordination for the Improvement of Higher Education Personnel
– CAPES (482.330160/2019-01) for the financial support.
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The studies for alternatives to reducing the antibiotics as a therapeutic and growth promoter is a
major concern nowadays in many research groups. Feed additives and vaccination are performed
to obtain better zootechnical indexes and better resistance to infectious diseases. This project
aimed to evaluate a commercial probiotic with vaccination against Streptococcus agalactiae, in
order to enhance immunostimulatory effect of vaccination. The experiment was carried out at
Aquaculture Research Center/UPD/Pirassununga-SP/SAA/APTA. The experimental design was
completely randomized with five treatments (Group 1 = control, without probiotic + without
vaccine; Group 2 = without probiotic, without vaccination + adjuvant; Group 3 = without
vaccination and probiotic; Group 4 = without probiotic + vaccine; Group 5 = probiotic + vaccine)
and five replicates. Vaccination with bacterin + adjuvant (Montanide™ ISA) 30:70 was
performed after 21 days of feeding with the probiotic (AQUA-PHOTO composed by
Bacillus subtilis 1.34x107 CFU g-1 and Lactobacillus plantarum 1.51x106 CFU g-1) and booster
after 14 days of first vaccination. On the 49th day of the experiment, all fish were challenged
against S. agalactiae. At the end of the experimental period, the survival rate was evaluated.
Blood samples were collected for analysis of lysozyme and phagocyte respiratory burst. The
data were subjected to analysis of variance, after verifying the homoscedasticity and normality of
the data, subsequently submitted to Tukey's test (P<0.05). There was no statistical difference
between treatments in lysozyme and phagocyte respiratory burst analysis. Vaccinated groups
showed better survival rate to challenge with homologous S. agalactiae (97% in group 1 control; 87% in group 4; 40% in control). On the other hand, the groups that received adjuvant
(group 2) and probiotic (group 3) had slightly higher survival rates than control group 1 (57% in
group 2 and 67% in group 3). This research indicates the use of probiotics in feed can modulate
the adaptive immune response of fish, enhancing vaccine action. When comparing the vaccinated
groups, it is verified that the probiotic acting together with the vaccination provided better
protection against S. agalactiae, and this result may indicate that the probiotic bacteria supplied
orally may contribute to the adaptive immune response, enhancing the effect of the
vaccination.
We concluded
that probiotic
and vaccine utilization in fish challenged with
• FAPESP Process
no. 2017/23225-9
and 2017/03738-1
homologous S. agalactiae strain increases the survival rate of Nile tilapia.
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β-glucan prolonged administration does not promote imparment on hemogram or anemia
in Nile Tilapia (Oreochromis niloticus)
Milene Gomes Vieira da Silva*,Ingrid Camargo dos Reis1, Basia Schlichting Moromizato1,
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Several studies have shown improvement in fish performance and health, including tilapia, due to
the use of immunostimulants. The knowledge of the hematological response under different diets
can be a useful tool for new formulations, from the perspective of the animal's organic defense,
consequently the disease prophylaxis. Tilapia is the most produced species in Brazil due to its
zootechnical characteristics, so, due to its importance tilapia was chosen as the biological model
of the present study. Thus, the aim of this study was to evaluate the effects of β-glucan on innate
immune responses of tilapia through hematological variables. A total of 300 tilapia were
distributed in 20 polyethylene boxes and divided into five groups: G 1. Control diet (β-glucan
free) for 30 days; G 2. Experimental diet (10g kg-1 of β-glucan) for 15 days, and then control diet
for 15 days; G 3. Experimental diet (10g kg-1 β-glucan) for 15 days, and were challenge, and
then control diet for 15 days; G 4. Experimental diets (10g kg-1 β-glucan) for 15 days, and were
challenged, and then experimental diet for 15 days; and G 5. Experimental diet (10g kg-1 βglucan) for 15 days, and were challenged, and then fed diet with antioxidant vitamins and
minerals (β-glucan free) for 15 days. At 15 days of experiment, fish from all treatments were
sampled, anesthetized in clove oil solution (1 g 10 L-1 of water), and blood was collected from 4
fish from each box (n = 12) to evaluate hematological variables. After 15 days, groups 3, 4 and 5
were challenged with stressful management (stress and infection with 1.0 x 108 CFU of
Streptococcus agalactiae/fish). At 30 days of experiment 4 fish from each box (n = 12) were
sampled for blood collection to evaluate hematological profile. Red blood cell count was
performed on a blood sample containing Natt and Herrick's solution at a dilution of 1: 200. Total
red blood cell count was performed in a Neubauer chamber. Hemoglobin (HGB) content was
assayed by cyanomethaemoglobin determination.Wintrobe indexes such as mean corpuscular
volume (MCV), corpuscular hemoglobin mean (CHM), and mean corpuscular hemoglobin
concentration (MCHC) was derived from the primary indexes. This experiment was conducted in
a completely randomized design with 10 treatments (five groups x 2 sampling times: 15 and 30
days of experiment) with 4 replications each. The results were submitted to the variance
normality and homoscedasticity test (Brown-Forsythe Test) and the variance analysis (ANOVA)
and the means were compared by the Tukey test (5%), SAS, 9.0. The RBC increased in G2
compared to G1. HGB concentrations did not differ among treatments, but were within normal
range for species, indicating that administration of β-glucan does not alter fish energy
productionl. In contrast, MCV decreased in G2, G4 and G5 compared to G1. The bacterial
challenge increased the MCHC, regardless of the treatments. The hematological alterations show
that fish fed with β-glucan increased the production of red cells, evidenced by the MCV
increasing, in order to face the energetic demands promoted by the experiment. And the cells
showed satisfactory hemoglobin concentration, indicating that the treatment does not promote
anemia.
Grants: The São Paulo Research Foundation - FAPESP – Process number: 2012/22016-3.
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Muscle growth of the Colossoma macropomum fed with different sources and levels of oils
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The diet composition is a factor that can influence muscle growth in fish. Among the ingredients
used to produce fish’s diets, oils are the main sources of fatty acids and energy. The fish’s oil is a
type of oil source used in the diet fabrication that has been replaced by vegetable’s oils, due to
their decline in production. Therefore, the aim was evaluating the muscle growth of juvenile
Colossoma macropomum fed with diets containing different sources and levels of oils. A
completely randomized experimental design was used, with an 2x2 factorial scheme. Two oil
sources (100% fish oil and a mixture containing 60% soybean oil and 40% linseed oil) and two
inclusion levels (5 and 10% of the diets) was used in four replicates. 384 juveniles (8.6 g ± 0.5)
were distributed in 48 tanks (70 L) and fed for nine weeks. In the muscle fibers frequency analysis,
the white muscle fibers were grouped into three diameter classes (< 20 μm, 20-50 μm and > 50
μm). The muscle fibers frequency was expressed as: the number of fibers from each diameter class,
relative to the total number of fibers measured. The class of fibers with < 20 μm has shown
interaction between the oil sources and the oil inclusion levels. The fibers frequency of the class
of fibers with < 20 μm from the fishes fed with 10% of soybean and linseed oils mixture didn’t
present significant difference of that fishes fed with 10% of fish oil. There was only effect of
source on the frequency of muscle fibers of class 20-50 μm. The fishes fed with diets containing
soybean oil and linseed oil showed the highest frequencies for these fibers class, regardless of the
oil level used. No effect of oil levels on fibers frequencies was observed, regardless of oil sources.
We conclude that oil source composed of 10% soybean and linseed oil can replace fish oil in diets
for C. macropomum.
Key words: histomorphometry, lipid sources, muscle fibers, neotropical fish
Financial assistance: FAPEMIG, CAPES, CNPq.
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In the past few decades, bacterial infections associated with the intensification of aquaculture
practices has become one of the major bottlenecks for fish farming worldwide. In order to counter
the adverse effects of bacterial outbreaks, chemotherapeutics have been widely used. However,
this approach is not appropriate from both the environmental and biosafety points of view. Thus,
considerable efforts have been made to develop sustainable and efficient alternatives to antibiotics
utilization, including the use of nutritional strategies such as immunonutrition. This concept
consists in providing the immune system with appropriate amounts of specific nutrients to nurture
the immune cells, thus enhancing their ability to perform their normal functions. Based on the
foregoing, a study was conducted to evaluate the contribution of selected nutrients on Nile tilapia
leukocyte phagocytosis capacity. First, leukocytes from head-kidney of healthy Nile tilapia were
isolated and cultured in vitro. Then, different culture media were prepared containing, in isolated
or combined form β-glucan (50 mg mL-1), functional amino acids (arginine and glutamine, 1 and
2 mM, respectively), and vitamins (ascorbic acid and α-tocopherol, 100 µg mL-1). The
phagocytosis capacity was evaluated through the phagocytic activity (% of active phagocytes) and
the phagocytic index (number of engulfed yeast-cells per phagocyte). Results showed that
macrophage phagocytosis was significantly (P < 0.05) enhanced by immunonutrients
supplementation to the culture media in both isolated and combined forms. However, more
expressive results were found with the combination of β-glucan, functional amino acids and
vitamins. Our results suggest a synergistic effect between these compounds, reinforcing their
potential application as an immunonutrient blend to be used by the aquafeed industry as an
alternative to chemotherapeutics.
This study was fully supported by São Paulo Research Foundation - FAPESP (2017/06122-1).
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The activity of macrophages plays a vital role as part of the innate immune system through
phagocytosis and, consequently, killing pathogens. The functional capacity of those diﬀerent cell
types has been investigated using a variety of in vitro assays. Such methods have been essential
tools for understanding the complexity of the defense mechanisms, allowing for the assessment
of potential eﬀects of speciﬁc nutrients on fish immune competence. However, information
regarding how speciﬁc nutrients, as well as their combination, may modulate the functions of the
ﬁsh immune cells remains scarce. Thus, a study was conducted to evaluate the contribution of
selected nutrients on Nile tilapia leukocyte respiratory burst and bactericidal activities. First,
leukocytes from head-kidney of healthy Nile tilapia were isolated and cultured in vitro. Then,
different culture media were prepared containing, in isolated or combined form, β-glucan (50 mg
mL-1), functional amino acids (arginine and glutamine, 1 and 2 mM, respectively), and vitamins
(ascorbic acid and α-tocopherol, 100 µg mL-1). The respiratory burst activity was evaluated
through intra and extracellular anion superoxide production. In addition, the killing capacity of
Nile tilapia leukocytes against the pathogenic bacteria Streptococcus agalactiae was also assessed.
The present study showed that leukocyte respiratory burst and bactericidal activities were
significantly (P < 0.05) enhanced by immunonutrients supplementation to the culture media in
both, isolated and combined forms. However, the highest values for all analyzed parameters were
found with the combination of β-glucan, functional amino acids and vitamins. These positive
results and synergistic effects are promising for ﬁsh immunonutrition and reinforces the potential
application of selected immunonutrients as an alternative to be used in the formulation of
functional and environmentally-oriented aquafeeds.
This study was fully supported by São Paulo Research Foundation - FAPESP (2017/06122-1).
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The intensification of fish farming exposes fish to unfavorable conditions that may alter their
physiological balance and welfare. Therefore, it is necessary to minimize the damage caused by
stressors due to management, such as: biometrics, transport, capture (chase and aerial exposure)
and high stocking density. These damages include metabolic and immunological responses
involving immunosuppression and alteration of the cellular redox state. As a prophylactic measure,
functional dietary supplements to ensure fish health have been increasingly used. Thus, the
objective of this work was to evaluate the effect of dietary organic selenium (Se) on innate immune
system responses (leukocyte respiratory activity - LRA; serum lysozyme concentration - SLC and
hemolytic activity of the complemente – HAC) in juveniles. pacu submitted to acute stress (chase
and air exposure). 156 fish, randomly distributed in 24 boxes, with constant water renewal and
aeration. After the acclimatization period to the experimental conditions, the fish were fed for 15
days with four different diets that constituted the treatments: 1) T1 - commercial diet without Se
supplementation; 2) T2 - supplemented with 0.5 mg Se kg-1 feed; 3) T3 - supplemented with 1.0
mg Se kg-1 and 4) T4 - supplemented 2.0 mg Se kg-1 (six repetitions). After the Se feeding period,
12 fish from each treatment were sampled to characterize the initial sampling. The remaining fish
were exposed to a stressor (2 min puçá chase and 2 min aerial exposure) and sampled at three
times (1, 6 and 24 h after the stressor). In each sample, the animals were anesthetized with
benzocaine (50 mg L-1) for blood withdrawal. The ARL followed protocol that determines the
reactive oxygen species produced by the oxidative burst of cells. The CSL determination followed
the methodology of gram-positive bacterium Micrococcus lysodeikticus, and AHC was
determined by kinetic assay that determines the time (in seconds) required for the sample proteins
to lyse 50% of the rabbit erythrocyte suspension. ARL was higher six hours after stress, indicating
activation of the immune response, with no effect of SE. The SLC reduced six hours after the
stressor, suggesting an immunosuppressive effect as a function of stress, and 24 hours later, fish
fed 1.0 mg Se kg-1 showed increased response. Selenium at 0.5 mg kg-1 concentration, both before
and after stress, increased the activity of complement system proteins. The findings of this study
show that the stressor reduced lysozyme and activated leukocyte respiratory activity both six hours
after stress, while selenium stimulated lysozyme and complement system hemolytic activity.
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Nile tilapia is one of the most produced species worldwide, but there are still some farming
challenges, such as temperature variations during the productive cycle. Like other ectothermic
organisms, fish tend to increase polyunsaturated fatty acids (PUFA) in cell membranes, when
temperature decreases, to keep adequate membrane function. Aurantiochytrium sp. meal (AM) is
composed of a heterotrophic marine microorganism, which contains high lipid content (55 to 75%
dry matter), and up to 49% lipid content as docosahexaenoic acid (DHA, 22:6 n-3). Thus, it
becomes an interesting product to be used as a source of PUFA in the feed industry. We aimed to
evaluate if the dietary inclusion of AM could improve Nile tilapia production in subtropical
regions. We fed Nile tilapia juveniles (8.47 ± 0.19 g), at a cold suboptimal temperature of 22°C,
with four different supplementation levels of AM (0.0, 0.5, 1.0, 2.0, and 4.0 g 100 g−1 dry diet).
Fish were fed the experimental diets twice a day to apparent satiation for 87 days. Each group of
25 juveniles was kept in a 100-L tanks (experimental unit), which was connected to a closed water
recirculation system. The diets were randomly distributed to the tanks, resulting in five dietary
treatments with five replicates per treatment. We previously reported that the supplementation of
1.42 g AM 100 g−1 dry diet promoted the highest weight gain of Nile tilapia, but the highest feed
efficiency and protein retention were at 0.45 and 0.65 g 100 g−1 dry diet, respectively. Also, in the
whole body and hepatopancreas, the concentrations of saturated fatty acid (SFA),
monounsaturated (MUFA), n-6 PUFA, and n-6 long chain PUFA (n-6 LC-PUFA) decreased
whereas the concentrations of total PUFA, n-3 PUFA, n-3 LC-PUFA, as well as the n-3 / n-6 ratio,
increased with the inclusion AM, the latter four variables mainly due to an increase in the DHA
content. In this study, we focused on gut and hepatopancreas histomorphometry. Tissues were
fixed, embedded, cut into slides, and stained with eosin-hematoxylin for optical microscope
readings. Hepatopancreas and gut histomorphometry data were analyzed by regression analyses
and by Kruskal-Wallis, followed by Dunn's test, respectively; all tests were performed at the 5%
confidence level. Fish fed diets with the highest levels of AM supplementation presented the
highest number of intestinal folds and goblet cells (p < 0.05). We also evaluated potentially
harmful histological alterations in the hepatopancreas: the intensity of macrosteatosis,
microstreatosis, necrosis, and loss of the hepatocyte nucleus were smaller in fish fed the highest
inclusions of AM (p < 0.05). Conversely, fish fed the diet without AM, where the lipid source was
only swine lard, presented higher intensity of such alterations (p < 0.05). Therefore, at low
suboptimal temperature, AM can be considered as a potential additive in winter diets for Nile
tilapia since - along with increasing fish performance and n-3 LC-PUFA body content - it also
increases number of intestinal folds and goblet cells as well supports normal hepatopancreas
morphology.
Acknowledgments: This study was financed in part (fellowships) by CAPES-Brazil (Finance Code
001) and CNPq-Brazil as well as by Alltech, Inc. (Nicholasville, KY, USA).
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Proteins are the main organic constituents of fish tissues, making up 65 to 75% of body dry
matter. Thus, they are extremely important for the maximum performance of the animal,
participating in various physiological roles, including synthesis of enzymes and hormones. In
order to use the dietary protein, the body needs, after digestion and absorption, the metabolism of
the amino acids. This metabolic process depends on several biochemical reactions, catalyzed by
enzymes and with various products resulting from these reactions. In this sense, one of the
concerns is related to the fact that amino acid catabolism may contribute to the reactive oxygen
species (ROS) producing oxidative stress and cellular damage. The antioxidant system of
organisms involves enzymatic and non-enzymatic mechanisms. Among enzymatic mechanisms
are the enzymes: superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx), which modify or repair the damage caused by ROS. Based on this, the objective of the
present work was to evaluate if dietary protein levels may interfere with the hepatic enzymatic
activity of pacu juveniles. The fish were fed for 90 days, three times a day, until apparent satiety
with six isoenergetic diets (3,300 kcal) and formulated according to the dietary dilution
technique with gradual protein level (15.0, 18. 5, 22.0, 25.5, 29.0 and 32.5% PD), maintaining
the same ratio between the essential amino acids. The experiment was conducted in a completely
randomized design with six experimental diets and three replications per treatment. After the
feeding period, the fish were biometrically and laparotomized (3 fish/tank) for liver removal and
weighing. The enzymatic variables evaluated were: hepatic activity of CAT, GPx and SOD,
through liver fragment homogenates and subsequent quantification by spectrophotometry. The
results were submitted to ANOVA and the means compared by Tukey test (5%). Were observed
values of CAT activity from 112.03 to 171.94 U mg protein-1, GPx from 51.06 to 77.97 mU mg
protein-1 and SOD from 624.45 to 1199.87 U mg protein-1. Differences (P<0.05) were observed
between the digestible protein levels evaluated only for SOD. Diet with 15% PD showing the
lowest SOD activity, while with diet with 25% PD the highest activity of this enzyme, but
without significant difference from diets with 29 and 32.5% of PD. These results shows that
values of digestible protein may interfere in SOD hepatic activity. Diets with insufficient protein
levels can compromise the animals development and make them vulnerable to external
challenges.
Grants: FAPESP – Process number: 2018/12233-3.
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Phytic acid (myo-inositol hexaphosphate) is the main form of phosphorus storage in cereal and
legumes. This compound has a polyanionic structure that can form complexes with divalent
minerals, also reducing protein digestibility and amino acids availability. A well-known problem
with industrial phytase application in extruded aquafeeds is related to low thermostability. In
addition, phytase activity is markedly affected by low pH in the stomach. The use of new
generations of phytase more resistant to stomach acidity and high temperature during processing
may result in improvements on the apparent digestibility coefficients. The objective of this work
was to determine the effects of liquid phytase (Natuphos®, Basf, Ludwigshafen am Rhein,
Alemanha) on the apparent digestibility coefficients of energy and protein, and amino acids and
minerals availability. A Control diet was elaborated using all-vegetable ingredients, with 320.33
g kg -1 of crude protein, 19.50 MJ kg-1 of gross energy, 8.70 g kg-1 of calcium and 7.73 g kg-1 of
total phosphorus. From the basal diet, three more diets were elaborated by adding 500, 1000 and
1500 units of active phytase (FTU) kg-1. Nile tilapia juveniles (n = 96, initial body weight 36.0 ±
1.33 g) were distributed into 8-250 L each digestibility aquaria, in a completely randomized design
with four treatments and two replicates of 12 fish per aquarium. Feces were collected by modified
Guelp system, using chromium oxide as indicator. Fish fed diets containing 1000 and 1500 FTU
k g-1 showed higher apparent digestibility coefficients of dry matter (DM) (P = 0.004), gross
energy (P = 0.005) and crude protein (P = 0.002) hen those fed Control and diet with 500 FTU kg1
. Fish fed diets with 1000 and 1500 FTUkg-1 demonstrated higher apparent digestibility
coefficients of calcium (P = 0.01), phosphorus (P = 0.001), iron (P = 0.037), magnesium (P =
0.001) and manganese(P = 0.008) when compared to thotse fed diet Control and diet containing
500 FTU kg-1. Fish fed diets with 1000 and 1500 FTU k g-1 showed higher apparent digestibility
coefficients of leucine (P = 0.019), lysine (P = 0.003) and serine (P = 0.014) than fish fed diet
control. The apparent digestibility coefficients of the remaining amino acids were not influenced
by dietary phytase inclusion. In conclusion, phytase addition at 1000 FTU kg-1 optimized the
apparent digestibility coefficients of energy and protein, and increased availability of amino acids
and minerals in extruded all-vegetable diets for Nile tilapia juveniles.
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The fish Colossoma macropomum (tambaqui), Piaractus mesopotamicus (pacu) and hybrid
tambacu have great acceptance in the consumer market, presenting desirable characteristics for
production, as rapid growth and optimal food adaptation. Muscle growth is controlled by several
molecules that are responsible for cellular signaling pathways activity. Among these molecules,
the piRNAs, small non-coding RNAs, regulate the activity of transposable elements. As the
transposable elements present a high risk of genome damage, the action of piRNAs is essential
to preserve normal cell parameters and function. Knowing the importance of pacu, tambaqui and
tambacu for Brazilian aquaculture and the scarcity genetic information for these genotypes in
specialized databases, we performed an integrative analysis of piRNAs based on next-generation
technologies, in order to analyze the global profile and the degree of piRNAs sharing among the
three genotypes. Five samples of each genotype (pacu, tambaqui and tambacu, ≅ 12 g and ≅ 7
cm) were sequenced in the LC Sciences, 2575 W, Bellfort, Ste 270, Houston TX 77054, ph 713664-7087. The sequencing was performed in the next-generation Illumina – HiSeq 2500 platform
and the data were provided by the FTP link. The prediction of the piRNA clusters was performed
by the proTRAC program using as a model the Pygocentrus nattereri genome (Assembly name:
Pygocentrus_natterei-1.0.2 Assemble accession: GCF_001682695.1) to execute the analysis,
since the genome of the studied genotypes is not available. We found two clusters shared
between the genotypes with statistically significant values (p < 0.05; expression value < 1.5x)
and four piRNAs highly expressed, with expression above 500 reads, belonging to these clusters.
The piRNAs expression was performed by RT-qPCR. The piRNAs (17-1); (17-2) and (17-3)
were more expressed in tambacu and tambaqui, compared to pacu; the piRNA (18) was more
expressed in tambacu concerning the others genotypes. Since the expression pattern of piRNas
between tambacu and tambaqui was very similar, it is possible that most of the characteristics
that constitute the hybrid genome were inherited from the mother (tambaqui). Considering the
complexity of piRNAs action in the fish species described until now, we concluded that in the
analyzed genotypes, the expression pattern of the piRNAs can be an important strategy for the
synchronized action of signaling pathways during muscle growth and phenotype maintenance.
This is the first study to analyze piRNAs expression in the skeletal muscle of fish with great
importance for aquaculture and can be a reference study for other investigations in Brazilian fish
species.
Grants: Research Foundation (FAPESP, Process: 2017/16479-4).

82

Growth performance, amino acids retention and postprandial plasmatic amino acid
pattern in Nile tilapia fed diets containing different levels of crystalline amino acids
Thaís Pereira da Cruz•, Aires Oliva-Teles1, Maria Helena Tabuaço Rego Martins Peres1,
João Antônio Galiotto Miranda2, Paola Aparecida Paulovski Panaczevicz2, Tassiana Gutierrez de
Paula3, Maeli Dal-Pai3, Wilson Massamitu Furuya4
•

Programa de Pós-Graduação em Zootecnia, Universidade Estadual de Ponta Grossa, Av. Carlos Cavalcanti, 4748,
Uvaranas, (42) 99971-1156 – Ponta Grossa - PR; mmp_cruz@hotmail.com; 1Universidade do Porto, Portugal;
2
Curso de Graduação em Zootecnia, Universidade Estadual de Ponta Grossa, 3Universidade Estadual Paulista,
Campus de Botucatu, Instituto de Biociências, SP; 4Universidade Estadual de Ponta Grossa, Departamento de
Zootecnia, PR

The present study aimed to evaluate the growth performance, amino acids retention and timecourse plasma amino acids pattern in Nile tilapia fed diets with different concentrations of
crystalline amino acids. Three diets with 360 g kg-1 crude protein and 3600 kcal kg-1 digestible
energy were elaborated to meet the dietary requirements of Nile tilapia, based on fish meal protein
with no crystalline amino acids supplementation (Control), 12% of crude protein from crystalline
amino acids (CAA12) and 24% of crude protein from crystalline amino acids (CAA24). Sodium
bicarbonate was supplemented to adjusted dietary pH at 7.0. Fish (n = 360; initial body weight of
4.3±0.1g) were distributed into 24-70L aquaria in a completely randomized design of three
treatments and eight replicates cages of 15 fish each. Fish were hand fed, six times daily, for eight
weeks. Time-course plasmatic amino acids were analyzed at 0, 60, 120, 240, 480 and 960 min
after feeding. For growth performance, data were subjected to ANOVA and compared by Tukey´s
test (P<0.05). Time-course plasmatic amino acids within each diet was analyzed using simple
linear and quadratic regression analyses. Fish fed Control and CAA12 showed higher final weight
(P<0.001), body weight gain (P<0.002), specific growth rate (P=0.002), protein efficiency ratio
(P=0.003), net protein utilization (P=0.003) and feed conversion ratio (P<0.001), in relation to fish
that consumed the Control and CAA24 diet. Fish fed diet CAA12 showed higher body crude
protein (P=0.001), and ash (P=0.001) content, in comparison to those fed diets CAA12 and
CAA24. The whole-body crude lipid were higher in fish fed the control diet (P=0.001), compared
to fish fed diets CAA12 and CAA24. Plasmatic arginine, lysine, methionine and threonine in fish
fed with Control diet increased linearly. Plasma lysine (P<0.001), methionine (P=0.025), threonine
(P=0.004), and valine (P<0.001) increased quadratically on increasing time post-feeding in fish
fed diet CAA12, reaching maximum values at 630, 550, 713 and 630 min, respectively. Plasma
arginine (P=0,035), lysine (P=0,048), methionine (P=0,009), threonine (P=0,001) and valine
(P<0,001) in fish fed diet CAA24 increased quadratically on increasing time post-feeding,
reaching maximum values at 175, 356, 363, 143 min, respectively. For plasmatic valine, the bestfitting model was a quadratic polynomial in which the maximum plasmatic valine was estimated
at 760 min in fish fed diet CAA24. In conclusion, the supplementation of crystalline amino acids
up to 12% of crude protein improved growth performance of Nile tilapia juveniles. However,
crystalline amino acids supplementation at 24% of crude protein reduces growth performance by
asynchrony in amino acids utilization.
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For protein deposition in the animal body, an adequate balance of essential amino acids in
the diet is necessary, where the lack of an amino acid or insufficient amount, become the fish
unable to deposit the nitrogen necessary for the development of healthy form. To assess the
effect of essential amino acid exclusion (AAEs) on body nitrogen retention, perform a
15 to 45% reduction in the amino acid test in the experimental diet and, by
comparative slaughter technique, calculate body nitrogen retention. In this study, the effect of
45% of the exclusion of dietary essential amino acids (LYS, MET, THR, TRP, ARG, HIS, ILE,
LEU, PHE and VAL) on nitrogen retention for the final phase of the phase was evaluated. 165
fish with initial average weight of 1,109.83 ± 14.26g were distributed in 33 1,000L tanks
in the water recirculation system, equipped with mechanical and biological filter, heat
exchanger and aeration. The experimental period was 60 days, consisting of 11 treatments
with three replications, distributed in open design around. As 11 experimental diets were
composed of one diet control (DC) and ten limiting tested diets (DL) in each of the AAEs. A
DC was formulated to meet 100% of the nutritional requirements for a species in the
finishing phase. For the elaboration of ten diets limited to testers, one DC was diluted in a
medium to generate 45% in all nutrients. With the exception of SEA tested, all other SEAs
were supplemented with crystalline AAs, as well as the other nutrients to be kept in the same
sections of DC. To supply the deleted amount of AAE tested, a mixture of nonessential
amino acids (glycine, glutamic acid and alanine) was supplemented. Thus, the diets
remain with the same nitrogen level as DC. To determine N body retention, 10 fish were
sampled at the beginning of the experiment and four fish from each experimental unit at the
end of the study. Body N content was determined by the Kjedhal method (AOAC, 2000). The
values found were used to measure an N deposition in the period for each treatment. Captured
data were used in ANOVA, and mean contrast analysis by Dunnett test. No difference in
nitrogen retention was observed between the amino acid exclusion controls Arginine,
Phenylalanine, Histidine, Isoleucine, Leucine and Valine, which determine the deleted amount
of amino acids tested as insufficient for response. Regarding the treatment control (119.03
± 32.28 g / Kg0.75), it was observed lower nitrogen composition values for amino acids
Threonine (16.32 ± 49.56 g / Kg0.75), Tryptophan ( 20.91 ± 47.92 g / kg 0.75), Methionine
(27.26 ± 32.61 g / kg 0.75) and Lysine (30.29 ± 3.03 g / kg 0.75) for these amino acids , in
that order, are the most limiting to the completion of the termination phase.
Financial support: CNPq (process nº 130873/2019), FAPESP (process nº 2019/06343-3 and
2013/25761-4).
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Aquaculture production systems expose fish to many stressors that may affect negatively their
growth, immune status and health that limit the economic development of aquaculture. To avoid
disease outbreaks, additives with immunostimulant properties can be used. In this context, herbal
medicine such as fenugreek, Trigonella foenum graecum that presents elevated antioxidant
activity, can be used as feed additive to improve fish growth, health and meat quality. This study
was set out to determine the effects of dietary levels of fenugreek on Nile tilapia growth,
hematology and fillet antioxidant activity. Fish (n=120; 69.3 ± 1,2g) was randomly distributed
into 12 circular tanks (250L; 10 fish per tank) and fed for 45 days with practical diet (32 crude
protein) supplemented with 0.0; 1.0 and 2.0% of fenugreek and sampled for biometrical
hematological, immunological and antioxidant parameters. Results were submitted to one-way
ANOVA, followed by Tukey's post-hoc tests (α=0.05). This research was approved by the Ethics
Committee on Animal Use (CEUA) of UTFPR (protocol no 2018-41). There was no effect
(p>0.05) of fenugreek supplementation on fish hematology, immunology and fillet antioxidant
activity. However, fish fed 1.0% dietary fenugreek presented increased (p<0.05) weight gain.
Moreover, any level of dietary fenugreek supplementation improved significantly feed
conversion rate and specific growth rate when compared to control treatment. I conclusion,
dietary fenugreek did not cause toxicity to fish and represents potential for its use as growth
promoter for Nile tilapia.
Acknowledgements: Anhambi Alimentos, Itapejara d´Oeste, Paraná, Brazil.
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Aquaculture in Brazil has been growing since the 80s, however these production
intensification led to the various diseases outbreaks. So, many studies has been performed to
evaluate immunostimulants action to avoid those infection, and most of them assess the
effect on the resistance to diseases through microbiological challenges, however recently
lipopolysaccharide (LPS) has been used to immune responses induction. This study aims to
determine the best LPS concentration for the use as a challenge compound agent for tilapia,
compared to the live microorganism challenge. A total of 288 tilapia juveniles was divided
into 6 treatments: PBS phosphate buffer (control), 100, 250, 500 and 600 μg FW LPS and
Streptococcus agalactiae with 4 replicates each. A basal sampling was performed after fish
acclimatization. Seventy-two hours and seven days after challenge, three fish from each
replicate (12 fish treatment) was randomly sampled. It was assessed the immune responses
(lysozyme activity, hemolytic activity of the complement, determination of respiratory
activity of leukocytes). The experiment was conducted in a completely randomized design.
The results obtained were submitted to analysis of variance and the means compared by the
Tukey test (5%). It was observed that lysozyme concentration was increased in S. agalactiae
challenged groups after 72 h compared to basal, and comparing all other groups (control and
LPS treated, except the 250 LPS μg FW group, indicating that bacterial infection increases this
defense protein after a short period after infection. However, the profile was contrary after 7
days, since the enzyme decreased in the 100, 500, 600 LPS µg / PV and S. agalactiae groups
compared with the basal one. The hemolytic activity of complement system proteins(ACP)
increased in the groups challenged with 250, 600 LPS μg FW and S. agalactiae after 7 days
compared with basal, but did not show significant difference when compared among treatments.
After 7 days, the ACP increased in the control groups, 250 and 600 LPS μg FW compared with
baseline, but no difference was observed among treatments after 7 days. In the present study,
respiratory activity of leukocytes (burst) decreased after 72 h in fish challenged with LPS and
S. agalactiae, showing that LPS caused immunomodulation in a short post challenge period,
however, after 7 days S. agalactiae challenged group showed the lowest values od burst.. The
data presented are preliminary results, however it can be concluded that LPS treatment promoted
immunomodulation and can be used as an alternative to the use of microorganisms for
immunological challenges.
Grants: The São Paulo Research Foundation - FAPESP – Process number: 2016/21443-6.
This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior - Brasil (CAPES) - Finance Code 001
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Lipopolysaccharide (LPS) is called endotoxin or pyrogen, however in the literature related to
aquaculture, the term LPS is more common. LPS is a complex lipopolysaccharide molecule
present in the cell wall of Gram-negative bacteria and some Gram-positive, these molecules are
released upon bacterial destruction and are capable of causing potent immune responses, such as
innate pro-inflammatory responses. It has been studied and used to promote inflammation and
immunomodulation in fish and has been a good alternative to induce immunity responses.
However, administration of this compound requires knowledge about the best dose to be applied
on fish. This study aims to determine the best LPS concentration for the use as a challenge
agent for tilapia, compared to the live microorganism challenge. A total of 288 tilapia
juveniles were divided into 6 treatments: PBS phosphate buffer (control), 100, 250, 500 and
600 μg LPS per fish weight (FW) and Streptococcus agalactiae with 4 replicates each. A
basal sampling was performed after fish acclimatization. Seventy-two hours after challenge,
three fish from each replicate (12 fish per treatment) was randomly sampled. It was assessed
the hematological responses (total and differential counts of defense cells). The experiment
was conducted in a completely randomized design. The results obtained were submitted to
analysis of variance and the means compared by the Tukey test (5%). Regarding the
comparison among treatments, differential blood cell counts (inlcuir quais células estaraão nas
tabelas), increased leukocyte and lymphocyte concentrations were observed in the control
groups, and challenged with 250, 500, and 600 LPS µg per FW after 72 h compared with
baseline. However, there was no significant difference for the other cells. Among treatments,
challenged fish with S. agalactiae showed a decrease number of leukocytes and lymphocytes
compared to the group 500 µg LPS per FW. Blood variables in teleost fish may suffer when
animals are influenced by acute or chronic stress. Pathogen exposure and administration of LPS
caused changes in the hematological profile, as the challenges were a stressful episode, which
influenced the increased demand for oxygen by the body. It was concluded that LPS promoted
significant changes and can be used as a substitute for the use of microorganisms for fish
immunological challenges.

Grants: The São Paulo Research Foundation - FAPESP – Process number: 2016/21443-6.
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Under intensive rearing conditions, stress is often present. Releasing some physiological
responses, which affect the osmotic and ionic regulation of fish. Thus, in order to
understand the osmoregulatory mechanisms on fish stress, the aim of this study was to evaluate
serum electrolyte levels and osmolality of tilapia subjected to acute stress by air exposure.
Tilapia juveniles (196.9 ± 29.3 g) were acclimated in twenty-one 200 L experimental tanks
containing six fish each. Exposure to air was applied by raising the fish with a net and
remaining them out of the water. For blood sampling, four fish per tank were anesthetized with
benzocaine (1 g L-1). From the centrifuged blood plasma and serum were separated. Osmolality
was determined with plasma (Wescor Mod. 505 osmometers), and serum chloride and
potassium were analyzed with AVL 9180 Analyzer. The experiment was conducted in a
completely randomized design with six treatments and one control group (Basal) in a 3 x 2 + 1
factorial scheme, consisting of three samples (1, 3 and 24 hours after stress) and two air exposure
times (4 and 8 minutes). The results were submitted to analysis of variance (ANOVA), and the
means were compared by Tukey’s test (p <0.05) and the control group by Dunnett’s test (p
<0.05). Statistical analyses were performed using the SAS statistical program. No mortality was
observed in the experimental units after stress application. The tilapia sodium concentration
observed in the 1 h sampling (161.72 ± 4.52 mmol L-1) increased significantly to 24 hours
(166.87 ± 4.96 mmol L-1) and was not influenced by air exposure time. Likewise, the chloride
concentration recorded in the 1 h sample (134.40 ± 4.22 mmol L-1) increased significantly in
the 24-hour collection (143.81 ± 5.39 mm L-1). Compared to the control group, there was a
significant difference only for chloride in the 1 h collection, in which there was a reduction
(134.40 ± 4.22 mmol L-1). The results presented above confirm the electrolyte imbalance
triggered by stress, which causes the loss of sodium and chloride to the less concentrated
external environment, through the concentration gradient. In addition, the electrolyte imbalance
induces changes in osmolality, which in turn showed a significant difference for 3 h (601.47 ± 8.
9.45 mmol ) and 24 h (576.25 ± 42.83 mmol kg) compared to the basal group (525.36 ± 37.76
mmol kg). Therefore, exposure to air in Nile tilapia constituted ionic and osmolality imbalance
responses.
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The fish oil (FO) utilization in marine aquaculture diets is important due to the presence of long
chain and highly unsaturated fatty acids (LC-PUFA) from the n3 series. However, the FO
production is limited, and for this reason, alternative sources of lower cost and more stable
production such as vegetable oils (VO) have been intensely investigated to try fully replacing this
ingredient. However, this replacement, in most cases, negatively impacts growth and alters the
lipid metabolism of the animal, mainly due to the VO fatty acid (FA) composition witch has high
amounts of saturated (SFA) and monounsaturated (MUFA) and absence of LC-PUFAs. An
alternative to producing lower cost diets that meet the nutritional requirements of fish is the use of
VO supplemented with LC-PUFA. However, studies with marine fish showed that SFA and
MUFA rich diets alter the liver lipid metabolism. So, the main aim of this study is to investigate
the influence of alternative SFA and MUFA rich lipid sources supplemented with LC-PUFA on
the growth and lipid metabolism of Rachycentron canadum juveniles. An eight-week nutritional
experiment was conducted using four fat reduced isoproteic and isolipid diets: control diet (with
FO only), SFA (rich in SFA), MIX (same levels of SFA and MUFA) and MUFA (rich in MUFA).
The performance, hepatic FA profile and hepatosomatic index were evaluated. Data were
compared using one-way ANOVA. It was possible to observe a reflex of the diet on the FA profile
of the hepatic tissue besides n3 deposition in animals fed with the control diet. Additionally, the
growth performance showed a weight gain tendency with the increase of SFA levels in the diets
and, finally, the animals that received the SFA diet presented an increase in the HSI evidencing a
differentiated lipid deposition between the treatments. Thus, our results suggest that growth
performance are not affected by the fish oil replacement and different SFA and MUFA ratios in
the diets, and the animals may possibly be using higher SFA/MUFA for oxidative processes and
withholding LC-PUFA in hepatic tissue, demonstrating a “sparring effect” on cobia juveniles.
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Pacu Piaractus mesopotamicus, is one of the most important fish species in Brazil because of its
omnivorous feeding habit, high growth rates and good meat quality. Intensive fish production
systems exposed animals to several stressor which may affect negatively their health, growth and
profitability. To improve fish health and reduce the use of antibiotics, natural feed additives with
immunostimulant properties are used as environmentally friendly practice. This study was set out
to evaluate the effects of increasing levels of dietary FOS on fish hematology and immune system.
A total of 120 fish (49.25 ± 13.77g) was randomly distributed into 12 aquariums (60 L) and fed
for 60 days with practical diet (32% crude protein) supplemented with 0.0; 0.2 and 0.4% FOS
(n=3) and sampled for hematological and immunological parameters. Results were submitted to
one-way ANOVA, followed by Tukey's post-hoc tests (α=0.05). This research was approved by
the Ethics Committee on Animal Use (CEUA) of UTFPR (protocol no 2017-021). Fish fed 0.2%
dietary FOS presented elevated (p<0.05) erythrocyte, leukocyte and thrombocyte numbers when
compared to fish fed no supplemented diet. On the other hand, no effects (p>0.05) of dietary
prebiotic was detected on fish leukocyte activity such as serum and mucus lysozyme concentration,
leukocyte respiratory burst and serum protein concentration. In conclusion, dietary FOS represents
potential for its use in aquaculture as health promoter since its stimulated red and white blood cells
synthesis.
Acknowledgements: CNPq (Conselho Nacional de Desenvolvimento Científico e Tecnológico;
Proc. 426713/2016-8) and CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior) and Anhambi Alimentos, Itapejara d´Oeste, Paraná, Brazil.
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Aquaculture plays a key role to meet market demand for animal protein, as it provides over 20%
of the food intake of 3.2 billion people. However, the intensification of aquaculture production
promotes stress factors, which can induce immunosuppression, increasing susceptibility to
pathogen infections besides decreasing growth. Feed additives can improve performance and
intestinal health in animal production. They act by reducing the pathogen damage within the
gastrointestinal tract, promoting the development of beneficial bacteria, stimulating digestive
function, and improving animal growth. Thus, the aim of this study was to evaluate the inclusion
of the feed additive VILIGEN™ (Alltech Inc. USA) composed of hydrolyzed yeast, zinc, and
sodium butyrate, on growth and gut histomorphometry of Nile tilapia juveniles. Five
isonitrogenous and isoenergetic diets were formulated with increasing levels of VILIGEN™ (0.00,
0.06, 0.12, 0.24, and 0.48%). Groups of 28 fish (1.97 ± 0.04 g and 4.83 ± 0.04 cm) were randomly
distributed into 30 experimental units (six replicates), following a completely randomized design.
Fish were fed their respective experimental diets twice daily (09:00 h and 16:00 h) until apparent
satiation for 60 days. After this period, all fish were weighed and measured, and three fish from
each experimental unit had their proximal gut sampled for histomorphometry. Gut was fixed,
embedded, cut into slides, and stained with eosin-hematoxylin for optical microscope readings.
All resulting data were submitted to polynomial regression analysis, at 5% significance level.
Supplementation of VILIGEN™ in the diets, regardless of the level of inclusion, resulted in higher
fish daily weight gain (DWG) and specific growth rate (SGR) when compared to fish fed the
control diet, without the additive. Maximum DWG (0.85 g ± 0.03) and SGR (5.52% ± 0.05) were
registered in fish fed at 0.24% VILIGEN™ supplementation level, both variables presenting a
quadratic response to the increase in the dietary supplementation level. There was no influence of
the additive supplementation level on feed efficiency or fish survival. However, there was a
quadratic effect on the number of goblet cells and on the perimeter of the intestinal folds as the
dietary supplementation increased. Such variables ranged from 105 and 1246 µm in fish fed diets
without the additive, respectively, to 181 and 2089 µm in fish fed at 0.24% additive, respectively.
However, none of the other intestinal fold measurements (number, height, width, area) were
affected by the dietary supplementation of VILIGEN™. Our findings show that the addition of
0.24 % VILIGEN™ in diets of Nile tilapia juveniles promotes 7.60% increase in daily weight gain,
70.45% increase in the number of goblet cells, and 67.65% increase in the intestinal fold perimeter
when compared to fish fed diets without the additive. We hypothesize that VILLIGEN™
contributed to an improvement in the absorption of nutrients by fish and consequently promoted
fish growth.
Acknowledgments: This study was financed in part (fellowships) by CAPES-Brazil (Finance Code
001) and CNPq-Brazil as well as by Alltech, Inc. (Nicholasville, KY, USA).
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Cottonseed and soybean protein concentrates in dourado (Salminus brasiliensis) diet
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Protein concentrates can reduce the presence of antinutritional factors (ANFs) and the lipid and
carbohydrate levels in plant ingredients, making them more digestible for fish. This study
evaluated the zootechnical, physiological and economic aspects of the use of protein concentrates
in dourado (Salminus brasiliensis) diet. This trial evaluated the performance of dourado juveniles
(20.3 ± 1.2 g) fed with diets containing increasing levels (0, 20, 40, 60, 80 and 100 %) of cottonseed
protein concentrate (CPC - 56.0 % CP) and soybean protein concentrate (SPC - 58.4 % CP) in
order to replace fish meal (FM – 55. 3 % CP) as main protein source. The experimental design was
completely randomized containing 15 animals per experimental unit, feed two times a day (8:00
a.m. and 5:00 p.m.), with water quality daily monitored. After 90 days of feeding trial fish were
subjected to a biometric procedure. After the end of the biometric procedures, two fish from each
repetition were sampled for blood collection using 1.0 mL syringes with heparinized needles (0.60
x 25 mm) (5000 IU mL-1) to collect 500 µL of blood by puncture of the caudal vessel. Data were
subjected to verification of normality by the Kolmogorov-Smirnov and Liliefors test and
homogeneity by the Levene test. When these two requirements were met, the results were
subjected to analysis of variance (ANOVA) and Tukey's mean test (P ≤ 0.05). Statistical analyses
were performed using the Statistica® 7.0 program. The total replacement of FM by CPC and SPC
in the diet did not influence fish performance. Fish feed intake remained stable and did not change
due to the variation in the dietary protein source. The chemical composition of the fish carcass was
not influenced by the replacement of FM in the diet. Fish fed with CPC- had a reduction in
hemoglobin (≥ 0.22 g dL-1), while the animals that were SPC-fed had the erythrocyte count
increased (≥204.45 104 µL-1). Cottonseed protein concentrate can replace fish meal without
negatively affecting the zootechnical performance parameters of dourado, but when soybean
protein concentrate was the replacer the best weight gain was obtained with 80% of substitution.
The inclusion of CPC promoted the reduction in hemoglobin, and it is necessary to carefully
evaluate this parameter in the use of cotton products, especially those with gossypol levels above
60 mg kg-1 Inclusion of SPC increased erythrocyte count.
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Influence of SOD-rich MPC on superoxide dismutase activity and flesh oxidative rancidity
of Nile tilapia subjected heat/dissolved oxygen-induced stress
William dos Santos Xavier*, Igor Simões Tiagua Vicente1, Matheus Gardim Guimarães1, Edgar
Junio Damasceno Rodrigues1, Gean Charles Monteiro1, Giuseppina Pace Pereira Lima1, Pedro
Luiz Pucci Figueiredo de Carvalho**, Barbé Florence2, Eric Leclercq2, Luiz Edivaldo Pezzato1,
Margarida Maria Barros1
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Oxidative stress is defined as an excessive production of reactive oxygen species (ROS) relative
to the antioxidant defense of the cell. Under intensive fish culture conditions, many stressors may
impair fish homeostasis by drastically increasing ROS production as is the case of environmental
stressors such as high temperature or hypoxia. The present study investigated the effects of dietary
levels of melon pulp concentrate (MPC), naturally rich in antioxidant enzyme superoxide
dismutase (SOD), on flesh oxidative rancidity and activity of SOD in the liver of Nile tilapia
(Oreochromis niloticus) subjected to heat/dissolved oxygen-induced stress (HDOIS). A group of
462 male Nile tilapia (8.87 ± 0.12 g) was randomly distributed in 42 250-L aquaria (11 fish/tank;
26.8°C; DO: 6.60 mg L-1) and fed seven practical diets supplemented with graded levels of SODrich MPC at 0, 0.1, 0.2, 0.3, 0.4, 0.5 and 1.0% for 60 days (six replicate tank/diet). The diets were
formulated to contain 30% crude protein and 18 MJ kg-1 crude energy. After the feeding period,
six fish per treatment were sampled for liver SOD and flesh oxidative rancidity (MDA). Then, fish
were subjected to HDOIS (34°C; DO: 1.87 mg L-1) for two days and the same parameters were
assessed 48 h post-exposure. Differences were tested at each time-point using the Student t-test (P
< 0.05). SOD-supplementation was associated with a significant increase in liver SOD before
HDOIS exposure in most test diets (0.1; 0.4; 0.5 and 1.0%). Exposure to HDOIS significantly
increased liver SOD in fish fed 0, 0.2, 0.4 and 1.0% MPC and MDA in all experimental groups.
MDA was, on average 4.2-fold higher following HDOIS exposure. However, a decreasing linear
trend with increasing MPC-level was observed suggesting a lower MDA response in fish
supplemented with SOD-rich MPC supplementation. For example, following HDOIS exposure,
MDA was 30.2% lower when fish fed 1.0% SOD-rich MPC compared to the control. In
conclusion, by comparing fillet MDA concentration on fish fed the control diet and fish fed the
diets supplemented with SOD-rich MPC it can be observed that SOD-rich MPC supplementation
was associated with a higher level of liver antioxidant defence prior-HDOIS exposure and a lower
flesh oxidative rancidity response to the environmental stress according to a linear dose-response.
This suggests a potential for SOD-rich MPC at supporting tilapia homeostasis, health and integrity
when exposed to challenging environmental conditions.
The authors are grateful to the São Paulo Research Foundation – FAPESP (2017/13217-9) for the
financial support. The authors would like to thank for Lallemand Animal Nutrition the SOD-rich
melon pulp concentrate donation and the financial support.
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Homeopathy reduces parasites in yellow tail (Astyanax lacustris) fingerlings
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Aquaculture growth was expressive in the last years, especially from native Brazilian species
such as lambari, a small fish with a short life cycle and easy handling. However, the
intensification of its production has caused an increase on the number of diseases that affect the
species, especially of parasites. The lack of licensed products for parasitic control in aquaculture
may decrease the production of this important species. Therefore, an important tool that can
contribute to reverse this situation is homeopathy, which can be used to reduce the amount of
parasites or to repair the homeostasis of the animal when the imbalance between the host,
environment or parasite occurs. This study evaluated the effect of a homeopathic Máximo
CH1000® added in the diet to reduce parasites in lambari fingerlings. This study was conducted
in a commercial fingerling production located in Buritizal, SP. We collected 60 lambari
fingerling, 30 fingerlings from homeopathy and 30 from non-homeopathic treatment. Feed
intake with homeopathy began when the post larvae were 10 days old and up to 30 days. The
product used had in its formula: Berne 9CH, Carbonic Calcarea 12CH, Beef Tick 12CH,
Chamomilla 12CH, Cisticerco 30CH, Nux Vomium 12CH, Silica 12CH, Sulfur 12CH, Bixa
orelanna, Saccharose q.s.p. 400g. The product (1.5 kg) was mixed with the 2 kg of feed supplied
to the fish in three feeds per day in 1000 m2 tanks containing 65 thousand post larvae. The
productive performance of fingerlings fed with diets containing the homeopathic product was
higher from control. Regarding parasitic infestation, control fish presented three genera of
parasites: Trichodina sp, Pscinoodinium pillulare and Epistylis sp, with higher prevalence of
trichodina. Fingerlings fed with homeopathy showed a reduction on prevalence of trichodina and
absence of the other parasites found in control group. Thus, it can be concluded that homeopathy
is a tool to prevent parasitic diseases in lambari fingerlings, as it contributes to the reduction of
the number of parasites in the skin and gills of fish and maintenance of homeostasis, as well as
contributing to increase productive performance
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