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Resumo

Com o aumento da populagdo e a necessidade de seu suprimento com proteina animal de
alta qualidade ha a necessidade de maior eficiéncia nas atividades aquicolas, visando
melhor aproveitamento da agua e menor emissdo de efluentes, associado a maior
produtividade e rentabilidade. A preocupacdo com a sustentabilidade € um dos maiores
desafios na agenda de inovacdo da aquicultura. Os sistemas de cultivo dependentes da
constante renovacdo da &gua que produz efluentes toxicos ndo estdo mais alinhados com
a crise mundial da agua e exigem sistemas alternativos de producdo. Desta forma, a
presente pesquisas objetivou-se, avaliar o desempenho zootécnico de Macrobrachium
rosenbergii cultivado em sistema heterotrofico e autotréfico, alimentado com diferentes
teores de proteina bruta na fase de bercario (35 e 40%) e engorda (30 e 35%). A fase
bercario teve duracdo de 21 dias, no qual foram testadas as combinag6es: AUT 35, AUT
40, HET 35 e HET 40, com quatro repeti¢cbes. Os dados foram submetidos a teste de
normalidade Shapiro-Wilk e homogeneidade de Levene, em seguida os resultados de
qualidade de agua foram submetidos a analise de variancia de medidas repetidas; os
resultados de desempenho zootécnico, custos basicos e analise microbioldgica foram
submetidos a andlise de variancia de bifatorial; e quando observadas diferencas
significativas, os dados foram submetidos ao teste Tukey. Para avaliar os dados ndo
paramétricos foram realizados os testes Mann-Whitney (U), Kruskal-Wallis e Friedman.
Os dados foram analisados adotando o nivel de significancia 5%, usando o programa
Statistica 12.5. Foi determinado o desempenho zootécnico dos camardes € composicao
centesimal das racOes utilizadas e dos agregados microbianos, também acompanhou a
qualidade da &gua do cultivo e os custos basicos de producdo. O experimento de engorda
durou 42 dias, constando as combinacdes: RAS 30, RAS 35, HET 30 e HET 35, com trés
repetices. Para tal foi determinado o desempenho zootécnico dos animais cultivados,
qualidade de agua e a analise microbioldgica do tecido animal e da dgua do cultivo.
Diferencas significativas ndo foram encontradas para: temperatura, oxigénio dissolvido e
pH, bem como para os indices de desempenho zootécnico, na fase de bercério; e para
temperatura, oxigénio dissolvido, pH, alcalinidade, nitrogénio da aménia total e do nitrito
e solidos sedimentaveis, peso final, ganho de peso, taxa de crescimento especifico, fator
de conversdo alimentar e sobrevivéncia na fase de engorda. Foram detectadas diferencas
significativas entre os diferentes sistemas de cultivo quanto a: NAT, N-NO2, N-NOs,
alcalinidade total, dureza total e POs* durante o bercario; e para N-NOs, POs*, dureza
total durante a engorda, assim como para produtividade, ganho de biomassa e biomassa
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final, tendo o sistema autotrofico apresentado os maiores resultados. Concluiu-se que €
possivel a reducdo do teor proteico da racdo, em ambas fases de cultivo, sem que
houvessem prejuizos no desempenho zootécnico dos camardes e na qualidade de agua.
Para a fase de bercario, a combinacdo HET 35 apresentou o maior lucro liquido (203.143
USD ha!), além da reducéo substancial no uso de dgua (cerca de 10 vezes).
Palavras-chave: Camardo gigante da Malasia, sistemas intensivos, nutricdo de camarao,
alta densidade
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Abstract

With the increase in population and the need to supply it with high quality animal protein
there is a need for greater efficiency in aquaculture activities, aiming at better use of water
and lower effluent emissions, associated with higher productivity and profitability. The
concern with sustainability is one of the biggest challenges on the innovation agenda in
aquaculture. Cultivation systems dependent on the constant renewal of water that produce
toxic effluents are no longer in line with the global water crisis and require alternative
production systems. Thus, the present research aimed to evaluate the zootechnical
performance of Macrobrachium rosenbergii farmed in heterotrophic and autotrophic
systems, fed with different crude protein contents in the nursery (35 and 40%) and grow-
out (30 and 35%) phases. The nursery phase lasted 21 days, in which the combinations
were tested: AUT 35, AUT 40, HET 35 and HET 40, with four repetitions. The data were
submitted to the Shapiro-Wilk normality and Levene homogeneity tests, and then the
water quality results were submitted to repeated measures analysis of variance; the
zootechnical performance, basic costs, and microbiological analysis results were
submitted to two-way analysis of variance; and when significant differences were
observed, the data were submitted to the Tukey test. To evaluate the non-parametric data,
the Mann-Whitney (U), Kruskal-Wallis, and Friedman tests were performed. The data
were analyzed adopting the 5% significance level, using the Statistica 12.5 program. The
zootechnical performance of the shrimp and the centesimal composition of the feed used
and biofloc, the culture water quality and the basic production costs were determined. The
fattening experiment lasted 42 days, consisting of the combinations: RAS 30, RAS 35,
HET 30 and HET 35, with three repetitions. For this purpose, the zootechnical
performance of the farmed animals, water quality and microbiological analysis of the
animal tissue and farm water were determined. No significant differences were found for
temperature, dissolved oxygen and pH, as well as for zootechnical performance indices
in the nursery phase; and for temperature, dissolved oxygen, pH, alkalinity, total ammonia
nitrogen and nitrite nitrogen and settleable solids, final weight, weight gain, specific
growth rate, feed conversion factor and survival in the fattening phase. Significant
differences were detected among the different culture systems for: NAT, N-NOz, N-NOs,
total alkalinity, total hardness and PO4* during nursery; and for N-NOs, PO.*, total
hardness during fattening, as well as for productivity, biomass gain and final biomass,
with the autotrophic system showing the highest results. It was concluded that it is
possible to reduce the protein content of the feed, in both phases of culture, without
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affecting the zootechnical performance of the prawn and the water quality. For the nursery
phase, the HET 35 combination presented the highest net profit (203,143 USD ha'l),
besides the substantial reduction in water use (about 10 times).

Key words: Giant Malaysian prawn, intensive systems, prawn nutrition, high density
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Introducéo

1.1- Contextualizacdo da pesquisa

A carcinicultura de &gua doce é um setor da aquicultura que vem crescendo
mundialmente ao longo dos ultimos anos, tendo em 2020 uma producdo de 1.240.000
toneladas, dos quais 294 mil toneladas sdo do camardo popularmente conhecido como
camardo da Malésia, Macrobrachium rosenbergii (FAO, 2022). Esta espécie é
considerada uma das mais importantes da aquicultura mundial em regiGes de clima
tropical e subtropical (TAVABE et al., 2013), atingindo a quinta posi¢do dentre as oito
espécies de crustaceos mais cultivados no mundo (FAO, 2022).

Apesar de sua producdo ser significativamente menor quando comparada a
producdo do Penaeus vannameli, a sua média de pre¢o por unidade é maior (USD 5.76/kg)
que a média de preco do mencionado camardo de agua marinha (USD 4.87/kg) (FAO,
2017). Sua origem natural é o Sudeste da Asia, e nas Gltimas décadas foi introduzida na
América do Norte e Sul, Africa, Europa e outras regides da Asia (NEW, 2000).

Os individuos desta espécie sdo considerados 0s maiores camardes de dgua doce,
podendo atingir em média 32 cm e 500 g de peso (PINHEIRO e HEBLING, 1998), sendo
despescados geralmente com peso entre 20 e 50g (VALENTI, 1996). Este fator associado
a facilidade de reproducéo em cativeiro, alta taxa de fecundidade, adaptabilidade a racao
inerte, alta resisténcia a doencas quando comparados aos camardes peneideos, além de
possuir carne de excelente qualidade, justificam o interesse em sua producéo (LOBAO,
1996; NEW, 2002; GUPTA et al., 2007; PILLAI e BONAMI, 2012; MOHANTY, 2010).

Além destas caracteristicas, o “gigante da Malasia” possui habito alimentar
onivoro, consumindo alta variedade de plantas e animais, vivos ou em decomposicao,
assim como aceitam dietas artificiais balanceadas e possui requerimento nutricional
baixo, podendo se adaptar em diversos tipos de ambientes e condi¢des de cultivo (NEW,
2002).

O camardo M. rosenbergii apresenta crescimento heterogéneo, devido a presenca
de diferentes tipos morfologicos de machos, relacionados com a dominancia, reproducao
e alimentacéo, podendo ser encontrados em uma mesma populacao durante o cultivo. Este
crescimento pode estar associado a estrutura social dos camardes que é caracterizada
pelos diferentes morfotipos de machos, que sao classificados como: pequenos (small male
- SM), quela laranja (orange claw - OC) e quela azul (blue claw - BC), sendo as fémeas e
0s machos pequenos, individuos menores que 0s exemplares de quela laranja e quela azul
(KARPLUS e SAGI, 2010). Por conta das diferencas de tamanho, os niveis de
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sobrevivéncia geralmente ficam entre 50 e 80% durante a engorda em viveiros com
duracéo entre quatro e nove meses (VALENTI e FLICKINGER, 2020)

Na tentativa de minimizar o crescimento heterogéneo, a producdo do M.
rosenbergii tem sido realizada em trés etapas (larvicultura, bercéario e engorda) e com
diferentes niveis de tecnologia, além da adicdo de substratos verticais nos sistemas
intensivos (Valenti e Flickinger, 2020). A fase da larvicultura é realizada objetivando o
crescimento das larvas até realizarem a metamorfose a fase de pds-larvas. A fase de
bercario pode ser realizada em dois estagios: bercario I, durante 15 dias ap6s a
metamorfose e bercario 11, durante 60 dias ap6s a metamorfose, entretanto esta fase pode
ser eliminada quando as pés-larvas sdo diretamente estocadas nos viveiros de engorda. A
alimentacdo durante esta fase do ciclo de producdo é geralmente realizada com ragoes
comerciais contendo entre 36 e 40% de proteina bruta de acordo com MARQUES e
MORAES-VALENTI (2012).

O periodo de duracdo da fase de engorda depende do tamanho requerido para a
comercializacdo, e a partir disso € definida a densidade de estocagem a ser adotada. Os
monocultivos podem ser realizados de forma extensiva, semi-intensiva ou intensiva,
divergindo de acordo com o planejamento das fazendas e o nivel de interferéncia do
produtor no processo produtivo (VALENTI e FLICKINGER, 2020). Por ser de habito
bentbnico e onivoro, 0 M. rosenbergii pode ser cultivado juntamente com varias espécies
de peixes e outros animais, ou plantas, podendo aproveitar residuos de racdo das demais
espécies aqudticas ou terrestres cultivadas (MARQUES et al., 2016; VALENTI e
FLICKINGER, 2020).

Vérias estratégias tém sido utilizadas para a otimizacdo da produ¢do em todas as
fases de cultivo, visando o0 aumento da produtividade. Com isso, para a manutencéo das
condicBes adequadas de qualidade de &gua, durante o cultivo destes organismos sdo
necessarias realizagdes de trocas frequentes, parciais ou até mesmo totais da agua da
unidade de cultivo. Desta forma, geram elevado volume de efluente toxico devido ao
excesso de nutrientes e matéria organica que sdo liberados em ambientes naturais
(MARTINEZ et al., 2012), além da necessidade de grandes volumes utilizados durante a
troca de agua (NAYLOR et al., 2001). Tais fatores resultam em degradaces ambientais
e estimulam a busca constante por novas metodologias de cultivo, dentre estas, o sistema
heterotrofico ou de biofloco (FROES et al., 2013).

O sistema de cultivo heterotrofico se baseia no ajuste da relagdo carbono e

nitrogénio (C:N), através da utilizacdo de fonte de carbono orgénico e vem sendo
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desenvolvido, em razdo dos seus beneficios quando comparado ao sistema de cultivo
tradicional. Ao se utilizar este sistema ha a possibilidade do aumento das densidades de
estocagem, e com isso 0 uso de menores areas de cultivo, além da reutilizagéo da agua do
cultivo em diversos ciclos de producao, e reducdo do nivel proteico das ra¢fes devido ao
aproveitamento dos agregados microbianos por parte do M. rosenbergii, culminando na
reducdo dos custos produtivos (AVNIMELECH, 2009; SAMOCHA et al., 2017).

A possibilidade deste reaproveitamento da &gua se deve, principalmente, a
presenca das bactérias quimiotroficas e heterotroficas, que transformam compostos
nitrogenados em proteina microbiana, proporcionando o controle da qualidade da agua
em relacdo a estes compostos (KRUMMENAUER et al., 2012). Devido a presenca das
bactérias quimiotrdficas no sistema, que se desenvolvem com a adi¢do de fonte de
carbono inorganico, ocorre a oxidagdo da aménia em nitrito e posteriormente em nitrato,
ocasionando a reducdo da alcalinidade do sistema, sendo necessaria a reposicdo dos
carbonatos através da utilizacdo de bicarbonato de sodio.

As particulas floculadas (bioflocos) sdo compostas por agregado microbiano
formado principalmente por algas, protozoarios e matéria organica, que podem servir de
alimentacdo suplementar aos individuos cultivados, ficando disponiveis como alimento
natural 24 horas por dia (AVNIMELECH, 2007). Porém, sua qualidade nutricional
depende das condicBGes de cada sistema de producdo, inclusive da fonte de carbono
organico utilizada para o estimulo do desenvolvimento bacteriano (BUFORD et al., 2004;
AVNIMELECH, 2009; SAMOCHA et al., 2017), influenciando além da composi¢do
centesimal, a digestibilidade e palatabilidade dos flocos (CRAB et al., 2009).

Os agregados podem atingir em seu peso seco, niveis elevados de proteina, em
torno de 30 a 45%, e com isso possibilitam a reducdo do percentual de proteina contido
na alimentacdo artificial (HARGREAVES, 2013). A proteina € um dos principais
componentes na formulacdo de ra¢Ges para crustaceos, sendo considerada como um fator
limitante no crescimento, manutencdo do funcionamento vital e reproducdo dos
organismos (GUILLAUME, 1997; OUJIFARD et al., 2012). Porém um dos entraves para
a aquicultura é o alto custo associado a este nutriente, podendo, o custo com alimentacao
exogena, atingir até 50% do total na atividade produtiva (SAMOCHA et al., 2017).

Assim, se faz cada vez mais necesséria a utilizacdo de dietas que proporcionem
proteina suficiente para o suprimento energético dos camarbes, que minimize a

quantidade de nitrogénio e de concentracbes de amoOnia, nitrito, nitrato e fosfato
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introduzido no ambiente de cultivo, reduzindo também as renovacdes de agua das
unidades de cultivo (MCINTOSH et al., 2001; CORREIA et al., 2014).

Entdo, é de extrema importancia a realizacdo de estudos que visem a producédo de
organismos nutricionalmente saudaveis com menor custo econémico e ecoldgico, além
de que as publicacdes sobre esta espécie em sistema intensivo sdo escassas, dificultando
o estabelecimento da relevancia desta tecnologia no aumento da produgao do “camarao
gigante da Malasia”. Frente ao exposto, o presente trabalho tem por objetivo avaliar
diferentes teores de proteina presente em ra¢fes comerciais no cultivo de M. rosenbergii
em sistema autotrofico e heterotréfico durante a fase de bercario e sistema de recirculacao

e heterotrofico na fase de engorda.
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1.2- Objetivos do trabalho

v Obijetivo geral
Avaliar a utilizacdo de diferentes niveis proteicos na dieta do camarao de agua doce
Macrobrachium rosenbergii cultivados em diferentes sistemas de producéo.
v" Objetivos especificos

o Avaliar o efeito da alimentacdo com diferentes niveis proteicos sobre o desempenho
zootécnico do camardo M. rosenbergii cultivados em sistema autotrofico e
heterotrofico para a fase de bercario;

o Avaliar o efeito da alimentacdo com diferentes niveis proteicos sobre o desempenho
zootécnico do camardo M. rosenbergii cultivado em sistema de recirculacéo e de
heterotréfico na fase de engorda;

o Analisar a composigdo centesimal da dieta inerte e agregados microbianos
fornecidos ao camardo M. rosenbergii na fase de bergério

o Quantificar a comunidade microbioldgica da agua do cultivo e camardes M.
rosenbergii alimentado com ragdes de diferentes niveis proteicos na fase de engorda.

v Hip6tese

Com a utilizacdo do sistema heterotréfico havera a reducéo dos niveis de proteina

na ra¢do sem o comprometimento do desempenho zootécnico e composicao centesimal.
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CAPITULO 1

EFFECTS OF AUTOTROPHIC AND HETEROTROPHIC SYSTEMS ON THE
PRODUCTIVITY, ECONOMIC ANALYSIS AND WATER FOOTPRINT OF
Macrobrachium rosenbergii IN THE NURSERY

ABSTRACT

The concern with sustainability is one of the greatest challenges in the innovation agenda
of aquaculture. Culture systems dependent on constant exchange water that produces toxic
effluents are no longer in line with the global water crisis and demand alternative
production systems. In the present study, zootechnical performance in the nursery phase
of the freshwater prawn, Macrobrachium rosenbergii, was evaluated in autotrophic AUT
(with the renewal of 50% of the water every three days) and heterotrophic HET systems
(minimum water exchange). The experiment lasted 21 days with an experimental design
entirely randomized with a 2x2 factorial arrangement. The first factor was the different
culture systems and the second was the protein levels of the feed (35 and 40%), resulting
in the combinations AUT 35, AUT 40, HET 35, and HET 40, with four replicates. For
water quality monitoring, temperature, dissolved oxygen, pH, total ammonia nitrogen,
nitrite nitrogen, nitrate nitrogen, orthophosphate, total alkalinity, total hardness, and
settleable solids were measured weekly. The prawn zootechnical performance of the was
determined through final weight, weight gain, specific growth rate, feed conversion ratio,
survival, feed efficiency and economic analysis. There were no significant differences for
temperature, dissolved oxygen, and pH, as well as for zootechnical performance indices.
However, significant differences were detected between the different culture systems on
TAN, N-NO2, N-NOg, total alkalinity, total hardness, and POs>. It was concluded that
HET 35 presented the greater net benefit (203,143 USD ha™) allowing the reduction of
the protein content in feed without interfering with zootechnical performance and a
substantial decrease water footprint (about 10 times).

KEY WORDS: Giant Malaysian prawn, intensive systems, nutrition, net benefit
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SIGNIFICANCE STATEMENT

This report addresses the effect of the heterotrophic system on the reduction of water
exchange at 10 times compared to the autotrophic system in the nursery phase of the giant
Malaysian prawn. As the heterotrophic reduces the use of protein levels in the feed, the
results suggest that it is possible to intensify the stocking density in culture systems for
this phase contributing to the reduction of the production costs (feed and stock density)

and water use.

1. INTRODUCTION

Freshwater prawn culture has been showing significant growth since the 1990s
(FAO, 2014; Santos et al., 2017). In 2020, the production of the prawn popularly known
as the Giant River prawn, Macrobrachium rosenbergii, was 294 thousand tons (FAO,
2022), and it is considered one of the most important species in the tropical and subtropical
world aquaculture (Tavabe et al., 2013). It is a native species to Southeast Asia, but in
recent decades it has been introduced to several continents, such as in the Americas,

Africa, Europe, and other regions of Asia (New, 2010).

This species is considered to be the largest freshwater prawn, reaching an average
of 32 cm and 500 g in weight (Pinheiro and Hebling, 1998). This factor associated with
the ease of reproduction in captivity, high fecundity rate, adaptability to inert feed, high
resistance to diseases, and excellent quality meat, justify the interest in its production
(Lobdo, 1996; New, 2010; Gupta et al., 2007; Mohanty, 2010).

In an attempt to reduce heterogeneity in growth, according to Valenti and
Flickinger (2020), the production of M. rosenbergii is generally divided into three phases:
larviculture, nursery and grow-out. The larviculture phase is carried out aiming at the
growth of the larvae until they metamorphose to the post-larvae phase. The nursery phase
can be carried out in two stages: nursery I, for 15 days after metamorphosis, and nursery
I1, for 60 days after metamorphosis; however, this phase can be eliminated when the post-
larvae are directly stocked in fattening ponds. Feeding during this phase of the production
cycle is usually done with commercial feeds containing between 36 and 40% crude
protein according to Marques and Moraes-Valenti (2012). Meanwhile, according to
Zimmermann (1998), the nutritional requirement during this phase is 32 to 37% crude

protein.
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The productivity and maintenance of optimal conditions for the culture of this
species require frequent partial or total water exchange, generating a large volume of
effluents rich in nutrients and organic matter that are released into natural environments
(Martinez et al., 2012). Such factors stimulate the constant search for new farming
methodologies, among these, the heterotrophic system that provides for minimal water

exchange (Froés et al., 2013).

The heterotrophic culture system has been developed due to its benefits when
compared to the traditional culture system, such as the possibility of increasing stocking
densities, reducing the use of water per kilogram of animal produced, besides the reuse of
culture water in several production cycles (Avnimelech, 2009; Samocha et al., 2020). The
possibility of this reuse is mainly due to the presence of chemotrophic and heterotrophic
bacteria, which transform nitrogenous compounds into microbial protein, providing water
quality control (Hosain et al., 2021). Due to the presence of chemotrophic bacteria in the
system, which develop with the addition of an inorganic carbon source, oxidation of
ammonia into nitrite and subsequently into nitrate occurs (El-Sayed, 2021). The
flocculated particles formed can serve as supplementary food for cultured individuals, and
the floc can reach high levels of protein in dry weight, around 30 to 45%, depending on
the conditions of each production system (Buford et al., 2004; Avnimelech, 2009;
Samocha et al., 2020).

Protein is one of the main components in the formulation of feed for crustaceans,
being considered a limiting factor in the growth, maintenance of vital functioning, and
reproduction of organisms (Guillaume, 1997; Ouijifard et al., 2012). However, one of the
obstacles to aquaculture is the high cost associated with this nutrient, which can reach up
to 50% of the total costs of the activity (Samocha et al., 2020). Thus, diets that provide
enough protein for the adequate energy supply of shrimp and that contribute to minimizing
nitrogen, and consequently, the requirement for water exchange in the culture unit should

be a priority in production (Mcintosh et al., 2001; Correia et al., 2014).

The sustainability of freshwater prawn aquaculture depends not only on reducing
environmental costs but also on production costs. The latter can be associated with the
increase in culture density, which is extremely challenging in species with agonistic
behavior for the dispute for food and territory, such as M. rosenbergii. The present work
aims to evaluate a comparison between heterotrophic and autotrophic culture systems with

high stocking density for M. rosenbergii juveniles, allowing the water footprint reduction
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and production costs during the nursery phase.

2. MATERIAL AND METHODS

Experimental conditions

Macrobrachium rosenbergii post-larvae (10 days after metamorphose - mean
weight 0.01g) used in the experiment were obtained from the commercial hatchery
Acquamardo (Goiana - PE, Brazil) and transported to the Laboratério de Producdo de
Sistemas Aquicolas [Laboratory of Aquaculture Production Systems (UFRPE)], where
they were acclimated for a period of two weeks in fiberglass tanks with freshwater
previously chlorinated (10 ppm of active chlorine) and dechlorinated, through strong and
constant aeration for 24 hours. Water exchange of 50% of the total water volume was
performed every three days, to maintain TAN and N-NO- at optimal levels for culture.

After the acclimation period, the animals were counted, weighed (0.08 £ 0.019),
and stocked in each experimental unit at a density of 2500 PL m3, resulting in 100 animals
per experimental unit. The 16 experimental units were located in a closed environment,
with thermostats (S0W) for maintaining the temperature at approximately 27°C, and
consisted of rectangular tanks with 40 liters of usable volume (0.2 m?), which were
covered with mesh to prevent prawn escapes, and constant oxygenation was provided. A
rectangular polyethylene screen measuring 0.2 x 0.05 m was added to serve as substrate
and shelter for the animals, adding an area of 0.01 m? in all experimental units.

For the AUT treatment, each experimental plot was supplied with freshwater
previously chlorinated (10 ppm) and dechlorinated with ascorbic acid, and water exchange
of 50% of the total volume were carried out every three days (modified from Perez-
Fuentes et al., 2013). The heterotrophic inoculum was matured for 40 days before the start
of the experiment, following the methodology of Samocha et al. (2020), with 30 L being
added to the units plus 10 L of freshwater, starting the experimental phase with 9 mL L
of settleable solids. When this stipulated volume was exceeded, settling chamber were
installed to maintain the water level. Weekly replacement of water volume losses by
evaporation was done and organic sugar cane molasses was used as a carbon source when
the total ammoniacal nitrogen exceeded 0.8 mg L™ in the system, to maintain the C:N
ratio at 6:1.

The experiment was conducted for 21 days to evaluate the zootechnical

performance of M. rosenbergii post-larvae through a 2x2 factorial design, in which the

21



ARAUJO, M., T. Efeito de diferentes niveis de proteina na alimentacdo de Macrobrachium...

autotrophic and heterotrophic culture systems and the percentages of crude protein in
commercial feed (35% and 40%) were tested, resulting in the combinations AUT 35, AUT
40, HET 35, and HET 40, with four repetitions each.

Water quality

For monitoring and control of the water quality, parameters such as temperature
(°C), pH, and dissolved oxygen (mg L) were measured twice a day (09:00 AM and 04:00
PM), using a multiparameter AK88 probe (AKSO, Rio Grande do Sul, Brazil). Water
samples from each experimental unit were collected weekly to determine the
concentration of total ammonia nitrogen (TAN mg L™), nitrite nitrogen (N-NO2 mg L),
nitrate nitrogen (N-NOs mg L), orthophosphate (PO4* mg L), total alkalinity (CaCO3
mg L1), total hardness (CaCOs mg L) and settleable solids (mL L™).

Nitrogen and orthophosphate compounds were analyzed in a digital
spectrophotometer HACH DR 2800 (HACH Company, Colorado, USA), using Nessler
reagent for TAN, the methodology of Strickland and Parsons (1972) for N-NO, and N-
NOs, and Aminot and Chaussepied (1983) for PO, Total alkalinity and total hardness
were determined by volumetric titration according to APHA (1995), and total alkalinity
was adjusted with sodium bicarbonate in both culture systems to keep it around 150 mg
L CaCOs (Samocha, et al., 2020). As for the volume of settleable solids, 1L samples
were placed in the Imhoff cone and estimated after 30 minutes of settling (Avnimelech,
2009). Water footprint was recorded during the experiment to determine the water used

by prawn biomass (m3kg™).

Zootechnical performance

Feed amounts were adjusted weekly, when biometrics were performed for all
experimental units, starting the supply with the equivalent of 30% of total biomass
(Ballester et al., 2017), being reduced according to the biomass increment. At the end of
the culture period, the animals were weighed (digital scale of 0.01g precision) and counted
for the determination of zootechnical performance variables, such as:
final weight;
weight gain (WG = final weight — initial weight);
specific growth rate [SGR = 100*(In final weight — In initial weight)/ cultivation time)];
feed conversion ratio (FCR = amount of feed supplied/biomass gain);

survival [S = 100*(final population/initial population)];
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productivity (P = final biomass/volume of the experimental unit);

feed efficiency [FE = 100 x (weight gain/feed consumption)].

Proximate composition

The commercial feed used in the experiment, as well as the final samples of
biofloc, which were collected superficially and then filtered through a 50pum mesh for the
concentration of flocs, were submitted to the analysis of the composition of the ingredients
following the official methodology of AOAC (2000). For the determination of crude
protein, the Kjeldahl method (N x 6.25) was used; while for the ether extract, the ether
extraction method (Soxhlet) was used. Moisture was calculated by gravimetry in an oven
with air circulation at 105°C until constant weight and were estimated by incineration of
the samples at 550°C in a muffle furnace for 5 hours, while crude fiber was evaluated by
the acid detergent method. The percentage of carbohydrate present was determined by
subtracting 100% by the percentage of moisture, protein, ether extract, ash, and crude
fiber.

Basic production costs

To evaluate basic production costs during this experiment, the partial expenses and
net benefit (gross income — inputs), the amounts of sodium bicarbonate used for alkalinity
correction, molasses used for nitrogen correction, and feed supplied to the prawn feed
during the experimental period (21 days) were recorded and processed considering 1
hectare (10,000m?x 1m = 10,000m?). The exchange rate used was BRL 1.00 = USD 5.18.
In addition, the water volume used for the water exchange of the AUT farming system as

well as evaporation losses for HET were also recorded and extrapolated for one hectare.

Statistical analyses

The sampled data were previously analyzed for normality using the Shapiro-Wilk
test and the homogeneity of variances using the Levene test. After that, the water quality
data were submitted to repeated measures variance analysis, while the zootechnical
performance data were evaluated through two factors variance analysis. When significant
differences were observed, the data were submitted to Tukey mean difference test. To
evaluate the data that did not present normal distribution or homogeneity of variances the

following tests were performed: Mann-Whitney (U), Kruskal-Wallis and Friedman tests,
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according to the data structure. All data were analyzed adopting a 5% significance level,

using the Statistica 12.5 software.

3. RESULTS

The minimum and maximum mean temperatures, dissolved oxygen, and pH
reached during the experiment ranged from 24.90 + 0.93°C to 28.30 = 0.52°C; 5.65 + 0.24
mg L1 t0 7.95+0.51 mg L™; and 7.82 + 0.24 to 8.16 + 0.34, respectively. These variables
were not significantly influenced by the culture systems or crude protein level, nor by their
interactions (TABLE 1).

Regarding the nitrogenous compounds (FIGURE 1), the concentration of total
ammonia nitrogen (TAN) was higher in the heterotrophic systems than the autotrophic
ones, without significant differences between the different levels of crude protein. N-NO>
did not show significant differences between systems in the first and second week of the
experiment, however, in the third week, N-NO2 and N-NOsz showed significantly higher
results in the AUT system, without significant differences in the protein level.

Total ammonia nitrogen reached the maximum values of 0.73 and 0.89 mg L™ of
TAN in the AUT 35 and AUT 40 systems, respectively, during the first week (FIGURE
1). During the experiment, liquid sugar cane molasses was used as carbon source to control
this variable when the results exceeded 0.8 mg L, being used 115.4 g in HET 35 and
112.8 g in HET 40. Soon after, on the 14" and 21% day of culture the highest results for
N-NO; were reached (FIGURE 1), being 0.40 and 0.35 mg L *for AUT 35 and AUT 40.
For N-NOgz, accumulation was observed over the weeks, despite frequent water exchanges
in each experimental unit of the AUT combinations.

In the first week, in the heterotrophic (HET) systems, the maximum concentrations
of TAN occurred, being 1.89 mg Ltin HET 40 and 2.00 mg L in HET 35. Yet about
nitrite nitrogen, stability was observed throughout the experiment, and nitrate nitrogen
accumulation was observed, reaching maximum averages of 20.30 mg L N-NOs in the
second week of culture. Oscillations were observed between the second and third weeks
in HET 35 and HET 40, due to the use of settling chamber to control and maintain the
volume of settleable solids around 15 mL L.

The concentration of total alkalinity in the first week was higher in the
combinations with HET and lower in AUT, with averages of 106.00 * 44.12 mg CaCOs
Lt in HET 35 and 128.50 + 5.26 mg CaCOs L™ in HET 40 and 68.00 + 18.83 mg CaCOs
L in AUT 35 and 85.50 + 11.82 mg CaCOs L™ in AUT 40. However, no significant
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differences were found between the combinations in the last week of culture, due to the
adjustment made by adding sodium bicarbonate. Sodium bicarbonate (18.00g, 19.60g,
39.00g, and 70.00g) were required for the adjustments made during the experimentin HET
35, HET 40, AUT 35, and HET 40, respectively.

The results of total hardness measured throughout the experiment showed that the
water used is classified as soft, presenting low levels of calcium and magnesium ions. The
final averages were 35.78 + 9.26 mg CaCOs L™ in AUT 35 and 41.29 + 5.03 mg CaCOs
Lt in AUT 40, and 60.31 + 9.38 mg CaCOs L™ in HET 35 and 60.86 + 7.85 mg CaCOs
Lt in HET 40, presenting a significant effect associated to the different culture systems,
with the highest amount found in the HET treatment.

The settleable solids need to be monitored so that they do not exceed the
appropriate limit of 20 mL L™ and obstruct the gills of the individuals. No significant
differences were found between these data, resulting in means of 12.33 +5.71 mL L™ and
12.92 + 6.10 mL L, respectively. When exceeded, in the second week, settling chamber
were installed, which also aided in reducing N-NO3z and PO.* concentrations, reducing,
however, the nitrifying bacteria community, which consequently increase TAN and N-
NO- concentrations until these communities are re-established.

The orthophosphate showed significant differences between the culture systems
during the experimental period, as well as in the second week showed significant
differences between the percentages of proteins used in HET. The averages for this week
were the highest observed during the entire period, being 0.46 + 0.05 mg POs* Lt in AUT
35, 0.48 + 0.06 mg PO+ Lt in AUT 40, 6.93 + 1.24 mg PO,* L! in HET 35, and 8.01 +
0.98 mg PO,* Lt in HET 40.

At the end of the experiment, approximately 120 L (0.12 m®) of previously
treated freshwater were used to replace evaporation losses in all experimental units of
the HET system, and approximately 1,120 L (1.12 m®) for periodic water exchange in
all units of the AUT system. These water footprints are equivalent to ratios of 0.17 and
1.76 m® kg of produced biomass, respectively, and 10 times more water was consumed
in the AUT system when compared to the HET system.

The results of the composition of the final samples of HET and feed used during
the experiment were described in TABLE 2. The guarantee levels of feed composition
described on the packaging of the products were in agreement with the data obtained in
this study, and the proximate compositions of the final samples of HET from the

experimental culture reached percentages of crude protein similar to the feeds used, with
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no significant differences detected between samples.

The culture system and crude protein level had no significant effects on initial
weight (g), final weight (g), weight gain (g), specific growth rate (% day™), feed
conversion ratio, survival (%), and feed efficiency (TABLE 3).

It is possible to observe in TABLE 4 the results of the economic analyses that
demonstrate that the highest values for incomes were found within the heterotrophic
culture systems, presenting a difference between the highest (HET 35) and the lowest
(AUT 35) of 28,500 USD ha!, although it did not present statistical differences between
interaction and culture system, but presented for protein, being 35% the lowest value,
when compared to 40%.

For the partial expenses, it can be observed that the HET 35 system showed the
lowest production cost, despite the need to add sugar cane molasses for the maintenance
of the microbial floc when compared to the AUT systems. In this study, the net benefit
obtained through the subtraction between income and partial expenses, showed that the
HET 35 is the system with the highest economic benefit, followed by HET 40. Although
the electricity costs have not been measured, it can be stated, based on the need for water
exchange and the volume used for this, that the AUT growing system is less economical

because of the need to pump all this water.

4. DISCUSSION

The averages for temperature, pH, and dissolved oxygen were in agreement with
the values described by New et al. (2010) for this species. Regarding nitrogen compounds,
although TAN exceeded 1.0 mg L%, it is an acceptable level for maintaining water quality
in biofloc system (Perez-Fuentes et al., 2013) and in a range considered safe as mortalities
only occur at 3 mg TAN L (Coyle et al., 2010). The high concentrations of TAN found
in the first week of culture are possibly associated with the re-establishment of the
heterotrophic system in each experimental unit. The stabilization of TAN, as well as the
low values of N-NO- and the increase of N-NOs, over the weeks, indicated that nitrifying
bacterial communities were present in the heterotrophic system (Emerenciano et al.,
2017).

Nitrate is the product that indicates the end of the nitrogen cycle process (Ward et
al., 2011), causing increase and accumulation over the weeks of culture, which are
intrinsic characteristics of intensive systems. When compared to ammonia and nitrite, this

compound does not present toxicity to cultured organisms, but concentrations above 75
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mg N-NOs L may interfere on the performance and health of animals (Kuhn et al., 2010;
Bussel et al., 2012; Furtado et al., 2015). The results of this study showed that the HET
system remained in equilibrium and nitrate concentrations did not exceed the appropriate
range of compromising zootechnical results. However, the AUT system showed high
concentrations of nitrate, demonstrating that there was a greater production of nitrogen
compounds and consequently, greater oxidation to nitrate.

The least consumed nitrogen form in HET systems is nitrate, generating its
accumulation (Hargreaves, 2013). Although there is the possibility of the occurrence of
denitrification, which is the process of reducing N-NOz or N-NO> to atmospheric Nz, it is
an anaerobic process, which is more complete in traditional aquaculture systems, since
dissolved oxygen levels need to be above 5 mg L (Robertson et al., 1988; Luo et al.,
2019). However, in HET system, Silva et al. (2013) showed that about 20% of nitrogen is
transformed via denitrification.

The total alkalinity of the water is an important factor in the culture of M.
rosenbergii, because the concentrations of cations (calcium and magnesium) and anions
(carbonates) are necessary for the mineralization of the exoskeleton, providing protection
and support to the crustaceans (Boyd and Tucker, 1992; Vera and Brown, 2017). In order
to keep inorganic carbon available for bacterial nitrification processes, alkalinity values
between 100 and 150 mg L™CaCOs are recommended (Timmons and Ebeling, 2013;
Samocha et al., 2020), providing lower pH variations throughout the day (Suantika et al.,
2017). Due to the consumption of inorganic carbon (alkalinity) by heterotrophic and
nitrifying bacteria, alkalinity and pH concentrations tend to reduce in intensive culture
systems with minimal water renewals, justifying the addition of sodium bicarbonate
(NaHCO:s). Therefore, it was observed that the averages obtained in the present study were
within the recommended range for supplying the needs of the bacteria present in the water,
as well as the prawn reared.

The highest consumption of carbonates and the addition of sodium bicarbonate
occurred in the combinations with autotrophic system, demonstrating that there was higher
bacterial activity, associated with the conversion of ammonium nitrogen to nitrate
nitrogen, in which it uses about 1.69 g of inorganic carbon and 7.05 g of alkalinity to be
completed (Ebeling et al., 2006).

Another way to measure the concentrations of calcium and magnesium ions in
water is through the total hardness. When this variable presents low concentrations, the

prawn needs more time for the mineralization of the exoskeleton after ecdysis, facilitating
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predation, besides presenting greater sensitivity to the parameters of the culture water
(Adhikari et al., 2006), in such a way that the adequate level suggested for their optimal
development is between 50 and 200 mg CaCOs/L (Wetzel, 2001). Both culture systems
were within this recommended range, but the combinations of the HET system showed
higher results for this variable.

The molasses, used during the period of induction of bacterial development in the
heterotrophic, presents high levels of ash, being composed mainly of the mineral’s
calcium and magnesium. According to Food Data Central (U.S. Department of
Agriculture, Agricultural Research Service, 2020) in each 100g of molasses, 205 mg is
calcium and 242 mg is Mg, being the main reason why the levels of these compounds are
high in this culture system.

Orthophosphate tends to increase and accumulate in the heterotrophic system due
to the decomposition of uneaten food, as well as by animal excreta and reduced water
exchange rate (Pefaflorida, 1999). However, in the tested culture systems, the average
concentrations did not affect shrimp growth or contribute to the development of
filamentous algae capable of causing damage to the gills, as described by Correia et al.
(2014).

It is important to estimate the water footprint needed for the different species that
are produced in order to increase the efficiency of production and water consumption
(Mohanty et al., 2014). In studies that compared culture system with periodic water
exchange and biofloc in Oreochromis niloticus culture, it was found that the water
footprint is similar to that observed: about 10 times more water is required in traditional
culture systems compared to biofloc (Lima et al., 2018; Lima et al., 2019; Zapata-Lovera,
et al., 2017), demonstrating that there can be a standard average water footprint needed
for the culture of the mentioned species.

Pressure on the aquaculture industry to meet sustainability measures include
increasing farm capacity (stock density), reducing reared area and water footprint
(Mohanty et al., 2014). In the present study, the water footprint calculated as the ratio
between the biomass produced was much lower in the HET (0.17 m® kg* biomass) and
similar to AUT (1.76 m® kg biomass) as than (1.72 m® kg biomass) obtained in
intensive-systems of Litopenaeus vannamei (Mohanty et al., 2018), even using a lower
stocking density (50 PL m?) than the one used in this study. This shows that there was

greater efficiency both in the control of nitrogenous compounds and, consequently, a
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reduction in the volume of water used and in the development of the prawn, which is
represented by the biomass.

The results showed that this biofloc has a proximate composition with the
nutritional needs of the species. According to Zimmermann (1998), the nutritional
requirements of juveniles of M. rosenbergii vary between 32 and 37% crude protein, a
range found in the biofloc available for food supplementation in the experimental units.
Hosain et al. (2021a; 2021b), when testing different C:N ratios, molasses as a carbon
source, and using feed with 40% protein in the shrimp diet, obtained a maximum of 33%
crude protein in the biofloc, a value lower than that found in the present study.

The final weight of individuals at the end of the culture showed an increment
between 81 and 100%, with a specific growth rate between 1.49 and 1.76% day™ in the
AUT 40 and HET 40 combinations. These SGR results are higher than the results obtained
by Ballester et al., (2017) at 1.21 and 1.39 % day* when comparing the production of M.
rosenbergii juveniles in biofloc and recirculation culture systems, respectively. Our results
are probably related to the crude protein content in the feed used during this study that it
provided adequate nutrition for the growth of the animals.

Although no significant increments were observed concerning the zootechnical
data of the prawn in the heterotrophic system, this system provides natural feed constantly,
which allows for greater feed efficiency and reduction of production costs (Table 4). This
probably explains a much lower FCR than those reported by Ballester et al. (2017), Hosain
et al. (2020), Frozza et al. (2021), and Nguyen et al. (2019), which found between 2.25,
2.65, 1.53, and 4.49, using heterotrophic system.

When stocking densities between 50 and 250 PL m™ were used in the biofloc
system, Negrini et al. (2017) using the same species found that by increasing stocking
density, the survival rate was reduced thus they recommended an optimal stocking density
of 50 PL m. However, we used a higher stocking density with survival rates over 95%,
probably because of the experimental conditions (such as water quality and duration of
the trial) and environmental enhancement that provided refugees, good welfare and
reduced competition. Then according to what has been obtained, it is possible to grow M.
rosenbergii during the nursery phase in the heterotrophic system

Despite being more economically advantageous, a significant cost reduction in
heterotrophic system can be achieved principally through the optimization of culture
management, in an adjustment in the quantity and quality of the feed to improve the use

of the nutrients contained in the food offered (Cang et al., 2019), which can provide
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advantages such as increased biosecurity, survival and productivity and reduced FCR
(Almeida et al., 2021). Such operational costs, which determine the economic viability of
the operation, may vary according to the region where the activity is established, and may
also reflect the management practices adopted and the availability of inputs used, which
determines their value.

The heterotrophic system allowed to increase stocking density, decrease FCR,
increase survival, and consequently, improve productivity and economic benefit.
However, the most outstanding advantage is associated with the environment. The
reduction of space and volume of the tanks, and the 10-fold decrease in water exchange
for controlling toxic substances make a positive contribution to the sustainability of prawn

culture.

5. CONCLUSION
The zootechnical performance of Macrobrachium rosenbergii prawn, reared in high

stocking density, was similar to all determined variables in both culture systems for the
growth variables with no impairment in water quality, thus the HET system was
satisfactory for the nursery phase of the production. Also, this system allowed a great
reduction in production costs and water footprint (~10 times less). Furthermore, the
protein contents found in HET suggest that it is possible to decrease this content in the
commercial feed used.
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different culture systems and concentration of crude protein in the in the M. rosenbergii
nursery.
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TABLE 1. Water quality variables of juvenile Macrobrachium rosenbergii reared in different culture systems and crude protein in the feed.

COMBINATIONS INTERACTION
WATER QUALITY
VARIABLES CRUDE
AUT 35 AUT 40 HET 35 HET 40 CULTURE PROTEIN  CSxCP
SYSTEM CONTENT

TEMPERATURE (°C) 27.29+0.94 27.82+0.83 27.86 £ 0.72 28.04 +0.74 ns ns ns
DISSOLVED OXYGEN (mgL?)  6.16 +0.19 6.05 +0.18 6.19 +0.15 6.10 + 0.19 ns ns ns
pH 8.15+0.22 7.97£0.10 8.13+£0.05 8.07 £ 0.06 ns ns ns
TOTAL AMMONIA-N (mgL?%) 0,40 % 0,23 0,49 + 0,36 1,39 + 0,542 1,39 + 0,542 * ns ns
NITRITE-N (mg L) 0,16 + 0,17 0,16 + 0,23 0,04 + 0,04 0,03 + 0,02 * ns ns
NITRATE-N (mg L) 4,45 + 2,740 4.49 + 2,70b 12,47 + 7,212 11,41 + 8,712 * ns ns
TOTAL ALKALINITY
(mg CaCO3 L) 122,87 +46,49® 126,75 + 37,99 14500 +40,79° 150,00 + 25,112 * ns ns
TOTAL HARDNESS
(mg CaCO3 L) 37.66 + 10.43 40.98 + 17.32° 62.19 + 16.75° 64.96 + 12.15° * ns ns
ORTHOPHOSPHATE (mgL?) 0,50 + 0,21 0,70 + 0,63 6,60 + 0,922 7,41 + 0,95 * * ns
SETTLEABLE SOLIDS (mL L-
1) ; - 14.91 +2.11 15.84 + 0.99 . - -

Results are averages of four replicates per combination + standard deviation. Data were analyzed by repeated measures variance analysis and Tukey's test when it showed
significant difference. Mean values of horizontal lines with different exponents differed significantly (P<0.05). Autotrophic system with 35% feed (AUT 35); autotrophic
system with 40% feed (AUT 40); heterotrophic with 35% feed (HET 35); heterotrophic with 40% feed (HET 40); culture system (CS); crude protein (CP) content; Ns - there
was no significant effect of factors; * Effect of factor at 5% significance level.
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TABLE 2. Proximate composition (g kg™) of the biofloc and feed used in the experiment.

BIOFLOC BIOFLOC FEED FEED

35% CP 40% CP 35% CP 40% CP
DRY MATTER! 191.70 161.90 873.70 868.80
MINERAL MATTER? 315.70 257.30 141.80 114.90
ORGANIC MATTER? 684.30 742.70 858.20 885.10
CRUDE PROTEIN? 354.60 402.40 359.70 409.10
ETHER EXTRACT? 40.40 41.00 95.00 103.30
TOTAL CARBOHYDRATES? 289.00 299.00 403.00 373.00

CP — Crude Protein; * basis in natural matter; 2basis dry matter.
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TABLE 3. Zootechnical performance of Macrobrachium rosenbergii juveniles reared in different culture systems and fed different crude protein

rations.

COMBINATIONS INTERACTION
ZOOTECHNICAL PERFORMANCE
VARIABLES CRUDE
AUT 35 AUT 40 HET 35 HET 40 CULTIVATION PROTEIN CSxCP
SYSTEM CONTENT
INITIAL WEIGHT (g) 0,08 £0,01 0,08 £0,01 0,08 £ 0,02 0,08 £ 0,02 ns ns ns
FINAL WEIGHT (g) 0,13+0,01 0,14 + 0,02 0,14 + 0,01 0,16 £ 0,01 ns ns ns
WEIGHT GAIN (g) 0,06 £ 0,04 0,04 £0,01 0,05+ 0,00 0,06 £ 0,01 ns ns ns
SPECIFIC GROWTH RATE (% day "1) 1,06 + 0,30 1,49+0,73 1,37 +£0,30 1,76 £ 0,40 ns ns ns
FCR 1,06 £ 0,13 0,93+0,23 0,86 + 0,05 0,74 £ 0,06 ns ns ns
SURVIVAL (%) 95,00 + 1,83 96,25 + 5,56 98,75 + 2,50 97,75+ 1,50 ns ns ns
PRODUCTIVITY (g m-3) 300,69 + 27,86 342,62 +5599 339,37 +24,01 384,56 + 31,82 ns ns ns
FEED EFFICIENCY 94,80 + 11,74 111,97 + 24,65 117,15+ 7,62 135,12 + 11,74 ns ns ns

Results are means of four replicates per combination + standard deviation. Data were analyzed by two-factor analysis of variance measures. Autotrophic system with 35% feed
(AUT 35); autotrophic system with 40% feed (AUT 40); heterotrophic with 35% feed (HET 35); heterotrophic with 40% feed (HET 40); culture system (CS); crude protein

content (CP); Ns - there was no significant effect of the factors.
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TABLE 4. Economics information of the 21-day experiment of Macrobrachium
rosenbergii juveniles reared in different culture systems and fed different crude protein

rations.
AUT35  AUTA40 HET 35 HET 40
S't\'a‘;tmber of prawns postlarvae at nha 25,000,000 25,000,000 25,000,000 25,000,000
w Survival % 95.0 96.0 98.0 97.0
% Number of sold prawn juvenile n/ha 23,750,000 24,000,000 24,500,000 24,250,000
% Prawn weight at harvest g/prawn 0.0001 0.0001 0.0001 0.0002
- Biomass - sold weight kg/ha 3,088 3,360 3,430 3,880
Income USD$/ha 902,500 912,000 931,000 921,500
Feed intake
FCR 1.07 0.93 0.86 0.74
Feed consume kg/ha 3,304 3,125 2,950 2,871
Feed cost USD$/ha 3,171.48  2,999.81 2,831.81 2,756.35
Molasses intake
€N Molasses consume kg/ha 0 0 66 71
2 Molasses cost USD$/ha  0.00 0.00 318.78 342.93
E Sodium Bicarbonate intake
ﬁ Sodium Bicarbonate consume kg/ha 69 77 26 25
Sodium Bicarbonate cost USD$/ha 66.34 73.92 24.86 24.00
Postlarve intake
Postlarvae consume pl/ha 25,000,000 25,000,000 25,000,000 25,000,000
Postlarvae cost UsSD$/ha 725,000 725,000 725,000 725,000
Expenses total USD$/ha 728,238.82 728,073.73 728,175.45 728,123.28
Net benefit (local currency) USD$/ha 174,262 183,926 203,143 193,377
= Comparison of net benefits
L AUT 35 x AUT 40 9,664
% AUT 35 x HET 35 2,8561
o0 AUT 35 X HET 40 1,9115
I AUT 40 X HET 35 18,897
< AUT 40 X HET 40 9,450
HET 35 X HET 40 97,666

Values calculated in USD $/ha (BRL R$ 1.00 = USD $4.18); Economic parameters used: Feed cost =
0.96 USD $/ kg feed, prawn juveniles price = 38.00 USD $/ 1000 juveniles, molasses price = 4.83
USD $/kg, sodium bicarbonate = 0.96 USD $/ kg, prawn postlarvae price = 29.00 USD $/ 1000

postlarvae. Net benefit = gross income — inputs; Comparison of net benefits: presented value means

the combination with the highest economic benefit. Autotrophic system with 35% feed (AUT 35);
autotrophic system with 40% feed (AUT 40); heterotrophic with 35% feed (HET 35); heterotrophic

with 40% feed (HET 40)
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CAPITULO 2

EFEITO DE SISTEMAS INTENSIVOS DE CULTIVO NA PERFORMANCE DE
JUVENIS DE Macrobrachium rosenbergii ALIMENTADOS COM DIFERENTES
TEORES DE PROTEINA BRUTA NA RACAO

RESUMO

Com o aumento da populacéo e a necessidade de seu suprimento com proteina animal de
alta qualidade hé a necessidade de intensificacdo de atividades aquicolas, visando melhor
aproveitamento da 4gua e menor emissao de efluentes, associado a maior produtividade e
rentabilidade. O objetivo do trabalho foi avaliar a utilizacdo do sistema heterotrofico e
recirculagdo no desempenho zootécnico de juvenis de M. rosenbergii alimentados com
racGes comerciais de diferentes proteinas. O experimento teve duragdo de 42 dias, com
delineamento experimental bifatorial: HET e RAS vs racdo comercial 30% e 35% de
proteina bruta, com trés repeticdes cada combinacdo. Foi determinado o desempenho
zootécnico dos animais cultivados, realizado o acompanhamento da qualidade de agua e
analise microbioldgica do tecido animal e da agua de cultivo. A temperatura, oxigénio
dissolvido, pH, alcalinidade, nitrogénio da amoénia total e do nitrito e sélidos
sedimentaveis ndo apresentaram diferencas significativas, entretanto foram observadas
diferencas para nitrogénio do nitrato, ortofosfato e dureza total. Os valores de peso final,
ganho de peso, taxa de crescimento especifico, fator de conversdo alimentar e
sobrevivéncia ap6s o término do cultivo ndo apresentaram diferengas significativas, ja
para produtividade, ganho de biomassa e biomassa final o sistema de recircuralacdo
apresentou maiores resultados. Entéo, a utilizacdo de racdo com menor teor proteico nao
influenciou no crescimento dos animais, podendo ser utilizada sem prejuizos em seu

desempenho.
PALAVRAS-CHAVE: recirculacdo, heterotrofico, engorda, composicao bacteriana
ABSTRACT

With the increase in population and the need for its supply with high quality animal
protein there is a need for intensification of aquaculture activities, aiming at better use of
water and lower effluent emissions, associated with higher productivity and profitability.
The objective of this work was to evaluate the use of heterotrophic and recirculating
systems in the zootechnical performance of M. rosenbergii juveniles fed with commercial

feed of different proteins. The experiment lasted 42 days, with bifatorial experimental
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design: HET and AUT vs. commercial feed of 30% and 35% crude protein, with three
repetitions for each combination. The zootechnical performance of the cultured animals
was determined, water quality was monitored, and microbiological analysis of the animal
tissue and culture water was performed. Temperature, dissolved oxygen, pH, alkalinity,
total ammonia nitrogen, nitrite nitrogen, and settleable solids did not show significant
differences, however differences were observed for nitrate nitrogen, orthophosphate, and
total hardness. The values for final weight, weight gain, specific growth rate, feed
conversion ratio and survival after the end of the culture did not present significant
differences, whereas for productivity, biomass gain and final biomass the autotrophic
system presented higher results. Therefore, the use of feed with a lower protein content
did not influence the growth of the animals, and can be used without impairing their

performance.
KEY WORDS: recirculating, heterotrophic, grow out, bacteria composition
INTRODUCAO

Com o aumento da populacdo mundial e a necessidade de seu suprimento com
proteina de origem animal ha a necessidade de intensificacdo e aprimoramento de
atividades aquicolas que produzam pescado com elevada qualidade nutricional. Segundo
os dados publicados pela FAO (2022), através da carcinicultura 11.237 toneladas de
crustaceos foram produzidas em 2020, sendo uma parcela destes, 2,6%, o camardo de
agua doce Macrobrachium rosenbergii, popularmente conhecido como gigante da

Malésia, uma das principais espécies a serem produzidas nas atividades comerciais.

No Brasil este camardo vem sendo cultivado desde os anos 70, devido aos
protocolos de manejo ja consolidados mundialmente e sua adaptacdo ao clima do
territorio brasileiro (New, 2000). Embora a tradicional forma de producgdo seja em
viveiros com monocultivo ou policultivo, ao passar do tempo e necessidade de adaptagédo
para alternativas que visem o melhor aproveitamento da dgua e com iSSO menor emissao
de efluentes no meio ambiente, associado a maior produtividade e rentabilidade, surgiram
formas de producéo intensivas (Ballester et al., 2018, Dutra et al., 2020, dos Santos et al.,
2021, 2022). O sistema heterotrofico ou biofloco (BFT) é um dos principais métodos de
cultivo que possibilita o incremento na densidade de estocagem, objetivando a obtencao

de maior biomassa em menor espaco fisico (Nisar et al., 2022).
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Através do HET tem-se, em adicdo, o controle da qualidade de &gua com a atuacao
das bactérias heterotroficas e nitrificantes, mantendo os niveis de aménia e nitrito em
concentragdes dentro dos limites recomendados para o cultivo do camarao, possibilitando
a troca minima da agua do cultivo (Avnimelech et al., 2012, Emerenciano et al, 2017,
Samocha et al., 2017). Este sistema pode funcionar também como suplemento alimentar
para espécies que se beneficiam diretamente dos flocos e para animais que sejam
tolerantes a altas concentragcdes de sedimentos na agua (Liu et al., 2014), com isso

afetando diretamente o custo de producdo da atividade (Almeida et al., 2021).

O fornecimento de dietas adequadas pode impactar diretamente a produtividade
do cultivo, além de reduzir o acumulo dos compostos nitrogenados da dgua (David et al.,
2018), sendo relatado na literatura por Santos et al., (2017) que niveis de proteina bruta
entre 370 e 348 g/kg foram capazes de aumentar significativamente o ganho de peso e

comprimento de camardes de agua doce, respectivamente.

Devido a importancia comercial e o interesse social relacionados a espécie
estudada, tem-se a importancia do desenvolvimento de pesquisas que possam otimizar
sua producdo, principalmente visando 0s aspectos ambientais e econdmicos (Nisar et al.,
2022, Almeidacet al., 2021). Diante do que foi abordado, o objetivo do trabalho foi avaliar
a utilizacdo do sistema heterotréfico e sistema de recirculacdo no desempenho zootécnico
de juvenis de M. rosenbergii alimentados com rag6es comerciais de diferentes teores de

proteina bruta.
MATERIAL E METODOS

O experimento foi realizado no Laboratério de Sistemas de Producdo Aquicola
(LAPAQ) e a andlise microbiol6gica no Laboratério de Genética Aplicada (LAGA) da
Universidade Federal Rural de Pernambuco (UFRPE), Brasil. Previamente ao
experimento, foi realizado um periodo de 45 dias de bercgério, com a finalidade de
obtengdo de peso médio dos juvenis de 2,5¢g. Durante esta fase foram utilizadas cinco
unidades de cultivo com 800L de volume util e aeragcdo constante, sendo ofertada racéo
comercial Density 40 CR2 (Presence®, Brasil) quatro vezes ao dia, calculada a partir de
taxa de alimentacdo de 30% da biomassa dos camardes. Cada unidade de cultivo contava
com um filtro bioldgico, previamente maturado, para a manutencdo dos niveis seguros de

compostos nitrogenados.
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Ao término deste periodo, os individuos foram pesados, contabilizados e estocados
nas unidades experimentais em densidade de 60 juvenis/m3, o que resultou em 24 animais
em cada unidade. As 12 unidades experimentais foram compostas por tanques circulares
de fibra de vidro com volume (til de 400L e area de fundo aproximada de 1m?, sendo
dispostas em um ambiente aberto, com protecdo de tela que permitia incidéncia de 30%
da luz solar. A cada unidade experimental foram adicionados dois substratos de cerca de
20 cm de tubo de PVC (150 mm), que serviram de refagio para os animais. Ndo foram
realizadas renovacdo da agua do cultivo, apenas reposicdes, devido as perdas por

evaporacao.

O experimento teve duracdo de 42 dias e avaliou o desempenho zootécnico dos
juvenis de M. rosenbergii submetidos ao delineamento experimental inteiramente
casualizado em um esquema bifatorial (2x2), no qual o fator principal foi o sistema de
cultivo (recirculacdo [RAS] e heterotrofico [HET]). O segundo fator avaliado foi a
concentracdo de proteina bruta encontradas nas ragdes comerciais utilizadas (30% PB
[Aquabalance — Presence®] e 35%PB [Camanutri — Presence®]). Entdo, as combinacdes
resultantes foram: RAS 30, RAS 35, HET 30 e HET 35, com trés réplicas, cada. Os
animais foram alimentados trés vezes ao dia com taxa alimentar de 30% da biomassa, que

foi reduzida de acordo com a observacdo do consumo e com o crescimento dos animais.

Quinzenalmente foi realizado o ajuste da oferta alimentar, com base nos resultados
obtidos por biometrias da populacdo de cada unidade experimental. Ao final do
experimento, os animais foram pesados (balanca de precisdo de 0,01g) e contabilizados
para avaliar os indices de desempenho zootécnico, através das varidveis de: peso final,
ganho de peso (GP = Peso final — Peso inicial), fator de conversdo alimentar (FCA =
Quantidade de alimento fornecido/ganho de biomassa), taxa de crescimento especifico
[TCE = 100.(In peso final — In peso inicial)/tempo de cultivo)] e sobrevivéncia [S =

100.(populacdo final/populagéo inicial)].

Para o sistema de recirculacéo, as unidades foram abastecidas com agua doce (400
L) previamente tratada, clorada (10 ppm de cloro ativo) e declorada, através de aeracéo
constante. Foi utilizado filtro biol6gico (8L) composto por brita, conduite, porcelana,
esponja, carvao ativado, conchas e perlon em cada unidade experimental, para auxiliar na
ciclagem de compostos nitrogenados, reduzindo o manejo hidrico dos sistemas, uma vez

que, foi realizada apenas a remocao de detritos depositados no fundo dos tanques através
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de sifonagem e realizada a reposicdo de agua em decorréncia desse manejo e das perdas
por evaporagdo. Para o sistema de heterotrdfico, o indculo (100 L) previamente maturado
foi adicionado as respectivas unidades, juntamente com 300 L de 4gua doce previamente

tratada.

Durante o experimento foi realizado o acompanhamento da qualidade de &gua, na
qual a temperatura (°C), oxigénio dissolvido (mg/L) e pH foram aferidos duas vezes ao
dia (08:00h e 16:00h), com a utilizacdo da sonda multiparametro AK88 (AKSO, Brasil).
Semanalmente foram determinadas as concentragfes do nitrogénio da amonia total (mg
NAT/L), nitrogénio do nitrito (mg N-NO2/L) e alcalinidade e dureza total (mg CaCOa/L),
enquanto que nitrato (mg NOs/L) e ortofosfato (mg POs*/L) foram mensurados

quinzenalmente.

As medicOes dos compostos nitrogenados e ortofosfato foram realizadas em
espectrofotometro digital HACH DR 2800 (Hach Company, Colorado, USA), através da
metodologia do reagente Nessler para NAT, Strickland e Parsons (1972) for N-NOz e NO3,
e Aminot e Chaussepied (1983) para PO+*. A alcalinidade e dureza total foram aferidas
por titulacdo volumétrica (APHA, 1999), sendo a alcalinidade corrigida através do uso de
bicarbonato de sédio (NaHCO3) como fonte de carbonatos, quando necesséario, para que
fosse mantida entre 100 e 150 mg CaCOas/L (SAMOCHA et al., 2017) e ndo implicasse

no declinio do pH por esta falta de compensacao.

As andlises microbioldgicas para cada unidade experimental foram realizadas ao
inicio e ao final do cultivo, com a finalidade de quantificar as unidades formadoras de
coldnia (UFC) de Bacillus sp, contagem bacteriana geral e de fungos em amostras da agua
das caixas e do hepatopancreas dos animais. Para a analise do hepatopancreas, 0s
camardes foram coletados e logo em seguida, higienizados em solugdo de &lcool 70%
durante um minuto, imersos em solucdo de hipoclorito de sodio (1,5%) com Tween-80
(0,1%) por 15 minutos e lavados trés vezes com agua destilada. Apds estes procedimentos
de desinfeccdo, o hepatopancreas foi extraido, pesado e macerado usando a solucdo
alcalina peptonada (1% - pH 8,6). Ja as amostras da agua foram coletadas superficialmente
com a utilizacdo de tubos Falcon estéreis (10 mL), sendo 500 pL diluidos em 4,5 mL de

solucéo alcalina peptonada (Silva et al., 2019).

Ap0s a homogeneizagdo das amostras, foi realizada a diluicdo em sequéncia de 10

1a10* e entdo inoculadas em triplicata pelo método padro de espalhamento na superficie
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da placa (APHA, 2017), usando como meio de cultura: &gar triptona de soja (TSA) para
contagem bacteriana geral; &gar mannitol-egg yolk-polymyxin (MYP) para Bacillus sp; e
agar sabouraud-dextrose para fungos (levedura e filamentoso).

As placas semeadas foram incubadas durante 24h a 30°C para quantificagdo de
Bacillus sp e contagem bacteriana geral, e incubadas por 72h a 36°C para determinacgéo
dos fungos. Apds estes periodos determinados, todas as unidades formadoras de coldnias
foram contabilizadas com o auxilio de contador de col6nias, sendo considerados 0s
aspectos macro morfoldgicos de diferenciacdo entre fungos filamentosos e leveduras
conforme Trabulsi (2015). Em seguida, foi realizada a conversdo para UFC/g, para as
amostras de camardo, e UFC/mL, para as amostras de &gua, através da formula: UFC/g ou
UFC/mL = namero de col6nias x fator de diluicdo / peso do hepatopancreas (g) ou volume

de 4gua (mL).

Os dados amostrados foram analisados quanto a normalidade usando o teste de
Shapiro-Wilk e homogeneidade das variancias usando o teste de Levene. Os dados de
bacteriologia foram transformados (Bacillus sp, fungos totais, leveduras e contagem geral
[log {x+2}] para as amostras de agua e Bacillus sp e contagem geral [logio {X}], para as
amostras de hepatopancreas). Posteriormente, os dados de qualidade da agua foram
submetidos a analise de variancia de medidas repetidas, enquanto os dados bacteriol6gicos
e de desempenho zootécnico foram avaliados através da andlise de variancia de dois
fatores. Quando foram observadas diferencas significativas, os dados foram submetidos
ao teste de comparacao da média de Tukey. Para avaliar os dados que ndo apresentaram
distribuicdo normal ou homogeneidade de variancias, foram realizados os seguintes testes:
testes Mann-Whitney (U), Kruskal-Wallis e Friedman, de acordo com a estrutura dos
dados. Todos os dados foram analisados adotando-se um nivel de significancia de 5%,
utilizando o software Statistica 12.5.

RESULTADOS

Os valores médios de temperatura da agua, oxigénio dissolvido, pH, alcalinidade,
nitrogénio da amonia total, nitrogénio do nitrito e sélidos sedimentaveis monitorados
durante o periodo experimental ndo apresentaram diferencgas significativas entre as
combinac0es e estdo apresentados na Tabela 1, representando os diferentes sistemas de
cultivo (rerciculacao e heterotréfico) e diferentes teores de proteina bruta contida na ragdo

comercial (30 e 35%) ofertada aos juvenis de M. rosenbergii cultivados nestas condicdes.
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Foram observadas diferencas significativas entre os fatores testados (RAS e HET
e teores de proteina bruta), para as variaveis de nitrogénio do nitrato e ortofosfato, tendo
sido observados os maiores resultados para as combinagdes do sistema heterotréfico, bem

como para a dureza total da 4gua de cultivo.
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Tabela 1. Variaveis de qualidade de agua no cultivo de juvenis de Macrobrachium rosenbergii em diferentes sistemas de cultivo e teor de
proteina bruta na racéo.

COMBINACOES INTERACAO
VARIAVEIS DE
: TEOR DE
QUALIDADE DA AGUA RAS 30 RAS 35 HET 30 HET 35 SISTEMADE  PROTEINA SC xPB
CULTIVO BRUTA

TEMPERATURA (°C) 24,49 + 0,69 24,82 + 0,65 24,86 + 0,62 24,44 + 0,64 ns ns ns
OXIGENIO DISSOLVIDO
(mg LY 6,62 + 0,46 6,53+ 0,41 6,57 +0,15 6,10 + 0,19 ns ns ns
pH 8,19+0,21 8,23+0,17 8,21+0,15 8,15+ 0,20 ns ns ns
N-AMONIA TOTAL (mg L) 0,09 £ 0,06 0,14 £ 0,05 0,20 £ 0,09 0,24 £ 0,09 ns ns ns
N-NITRITO (mg L?) 0,01+£0,00 0,02 £ 0,00 0,02 £0,01 0,02+0,01 ns ns ns
N-NITRATO (mg L% 11,51 + 26,42° 6,05 + 12,03° 20,13 + 10,102 20,56 + 38,332 * * ns
ALCALINIDADE TOTAL
(mg CaCOsL1) 120,18 + 20,07 122,78 + 20,18 126,11 + 20,53 133,70+£0,66  ns ns ns
DUREZA TOTAL
(mg CaCOsL™?) 60,72 + 6,55° 58,31 + 21,19° 73,82 + 5,86° 89,09 +8392  * ns ns
ORTOFOSFATO (mg L1 2,71+0,72° 2,72 +2,01° 13,69 + 7,702 13,38 £ 6,382  * * ns
SOLIDOS
SEDIMENTAVEIS (mL L) - - 1,61+0,98 1,20+ 0,59 - - -

Os resultados sdo a média de trés réplicas por combinacéo + desvio padrdo. Os dados foram analisados por analise de medidas repetidas e teste de Tukey quando apresentaram
diferenca significativa. Os valores médios das linhas horizontais com diferentes expoentes diferem significativamente (P<0,05). Sistema recirculagdo com alimentagéo de 30%
(RAS 30); sistema recirculagdo com 35% de alimentacgdo (RAS 35); heterotréfico com 30% de alimentagdo (HET 30); heterotrofico com 35% de alimentacao (HET 35); sistema
de cultivo (SC); teor de proteina bruta (PB); ns - ndo houve efeito significativo dos fatores; * Efeito do fator no nivel de significancia de 5%.
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Os valores médios do peso inicial, peso final, ganho de peso, taxa de crescimento
especifico, fator de conversdo alimentar e sobrevivéncia dos juvenis apds o término do
cultivo experimental ndo apresentaram diferengas significativas entre as combinagdes
testadas (Tabela 2). Quanto a produtividade, ganho de biomassa e biomassa final foram
encontradas diferencas estatisticas entre os sistemas de cultivo que foram estudados, sendo

as combinagdes com sistema de recirulagdo as que demonstraram os maiores resultados.

Os dados referentes as amostras iniciais de agua foram influenciados pelos
sistemas de cultivo; as maiores concentracfes de contagem geral, fungos totais, fungos
filamentosos, levedura e Bacillus sp foram oriundas do HET (Tabela 3). Ao final do
experimento, as concentrages de fungos filamentosos ndo foram influenciadas pelos
sistemas de cultivo ou do percentual de proteina bruta, de forma isolada ou combinada.
Entretanto as demais varidveis bacteriolégicas assim como as amostras iniciais,
apresentaram concentracfes em sistema heterotrofico superiores as encontradas para o
sistema de recirculagdo. Apesar das concentragdes de fungos totais e filamentosos nao
diferirem entre as contagens no inicio e ao fim do experimento, as concentracfes de
levedura, Bacillus sp, e contagem geral apresentaram valores superiores ao final do

experimento.

Né&o foram observadas diferencas significativas entre as concentrac@es de bactéria
geral, Bacillus sp, fungos totais, fungos filamentosos e leveduras das amostras de
hepatopéancreas no inicio e ao final do periodo experimental. Ademais estas varidveis no
sofreram efeito isolado ou combinado dos sistemas de cultivo ou do percentual de proteina
utilizados no presente estudo. Os dados bacteriolégicos das amostras de agua e

hepatopancreas encontram-se sumarizados na Tabela 3.
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Tabela 2. Desempenho zootécnico de juvenis de Macrobrachium rosenbergii cultivados em diferentes sistemas de cultivo e teor de proteina
bruta na ragéao.

i COMBINAQGES INTERACAO

VARIAVEIS DE DESEMPENHO
ZOOTECNICO SISTEMA TEOR DE
RAS 30 RAS 35 HET 30 HET 35 DE PROTEINA SC x PB
CULTIVO BRUTA

PESO INICIAL (g) 2,50+ 0,05 2,50 £ 0,041 2,50 +£ 0,06 2,51 +0,09 ns ns ns
PESO FINAL (g) 491+041 5,96 £ 0,77 4,70+ 0,45 5,37 +1,33 ns ns ns
GANHO DE PESO (g) 2,40+ 0,39 3,46+ 0,79 2,20+ 0,45 2,86 £ 1,42 ns ns ns
TAXA DE CRESCIMENTO
ESPECIFICO (%! dia) 2,05+1,73 3,73+0,56 2,71+0,41 3,23+1,05 ns ns ns
FATOR DE CONVERSAO
ALIMENTAR 2,27 +0,57 5,73+5,10 5,37 +1,08 7,58 +4,13 ns ns ns
SOBREVIVENCIA (%) 83,33+ 11,15 59,67 + 18,56 59,67 + 14,57 58,33 £ 10,97 ns ns ns
PRODUTIVIDADE (g/m?®) 244,30 + 20,342 207,85 + 39,612 167,62 + 38,15P 182,29 + 12,94°P * ns ns
GANHO DE BIOMASSA 37,64 +7,112 23,06 + 15,282 14,99 + 3,240 12,60 + 6,89° * ns ns
BIOMASSA FINAL 97,72 + 8,142 83,14 + 15,842 67,05 + 15,26° 72,92 £5,18° * ns ns

Os resultados sdo a média de trés réplicas por combinacgdo * desvio padrdo. Os dados foram analisados por anélise de variancia de dois fatores e teste de Tukey quando
apresentaram diferenga significativa. Os valores médios das linhas horizontais com diferentes expoentes diferem significativamente (P<0,05). Sistema recirculagdo com
alimentacdo de 30% (RAS 30); sistema recirculacdo com 35% de alimentacdo (RAS 35); heterotr6fico com 30% de alimentacdo (HET 30); heterotrofico com 35% de

alimentacdo (HET 35); sistema de cultivo (SC); teor de proteina bruta (PB); ns - ndo houve efeito significativo dos fatores; * Efeito do fator no nivel de significancia de 5%.
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Tabela 3. Unidades formadoras de col6nias (UFC) em amostras de 4gua e camardo no cultivo de juvenis de Macrobrachium rosenbergii em

diferentes sistemas de cultivo e teor de proteina bruta na ragdo, ao inicio e ao fim do experimento.

Sistema de cultivo (SC) RECIRCULACAO HETEROTROFICO FATORES
Proteina bruta (PB) 30% 35% 30% 35% SC PB SCxPB
Agua
1,44.10* £ 5,89.10% 1,44.10*+5,89.10%  2,73.10%+7,78.10%A 2,73.10* £ 7,78.10%A * ns ns
Contagem geral
6,73.10% £ 2,57.10%8 9,32.10* £6,40.10*®  1,82.10° + 1,57.1054 2,47.108 + 3,54.1054 * ns ns
. 6,27.10° + 2,61.10% 6,27.10°+2,61.10%®  2,60.10*+5,31.10% 2,60.10* £ 5,31.10%A * ns ns
Bacillus sp.
4,09.10* £ 1,03.10% 18,60.10% + 11,73.10*®  1,01.10° + 1,43.10% 2,61.108 + 3,75.1054 * ns ns
7,29.108 + 1,62.10% 7,29.105+1,62.10%  1,79.10°+5,41.10% 1,79.10% £ 5,41.10% * ns ns
Fungo total
3,54.10* £ 0,73.10*8 11,46.10*+12,24.10®  1,46.10° + 0,69.10% 2,18.108 + 3,09.1054 * ns ns
7,02.10° £ 1,73.10%® 7,02.10°+1,73.10%®  1,68.10°+5,84.10% 1,68.10° + 5,84.10%* * ns ns
Levedura
3,47.10* £ 0,82.10*8 11,45.10*+12,23.10*®  1,45.10° + 0,69.10% 2,17.108 + 3,07.1054 * ns ns
) 0 0 2,96.10% + 2,79.102 2,96.10% + 2,79.102 * ns ns
Filamentosos
0 9,25.10% + 1,60.10? 3,81.10°% + 3,43.10° 1,13.10% + 1,90.10* ns ns ns
Hepatopéncreas
2,64.10° + 2,47.10° 2,64.10° + 2,47.10° 2,64.10° + 2,47.10° 2,64.10° +2,47.10° ns ns ns
Contagem geral
2,13.10% + 2,53.10° 5,37.107 + 5,36.107 9,96.107 + 1,73.108 6,01.107 + 5,67.107 ns ns ns
. 2,91.10° + 2,40.10° 2,91.10° + 2,40.10° 2,91.10° + 2,40.10° 2,91.10° + 2,40.10° ns ns ns
Bacillus sp.
2,83.10° + 3,53.10° 4,38.107 + 4,37.107 1,12.107 +1,94.107 5,20.107 + 5,01.107 ns ns ns
3,04.10% + 5,26.10? 3,04.10% + 5,26.10? 3,04.10% + 5,26.10? 3,04.10% + 5,26.10? ns ns ns
Fungo total
3,25.107 + 4,88.107 8,52.10% + 1,34.10° 3,07.107 £ 5,32.107 4,52.107 + 6,56.107 ns ns ns
2,90.10° + 2,39.10° 2,90.10° + 2,39.10° 2,90.10° + 2,39.10° 2,90.10° + 2,39.10° ns ns ns
Levedura
2,95.107 + 4,29.107 8,52.10% + 1,34.10° 3,07.107 £ 5,32.107 4,45.107 + 6,49.107 ns ns ns
] 2,76.10° + 2,36.10° 2,76.10° + 2,36.10° 2,76.10° + 2,36.10° 2,76.10° + 2,36.10° ns ns ns
Filamentosos
2,82.10° + 4,69.10° 0 2,13+ 3,69 4,93.10° + 8,53.10° ns ns ns

Os dados correspondem a média + desvio padrdo, que foram analisados por ANOVA de dois fatores e teste Tukey quando encontradas diferencas significativas. Expoentes
diferentes nas linhas indicam diferencas significativas (P<0.05). Sistema de cultivo (SC); proteina bruta (PB); sem diferencas significativas entre os fatores (ns); *nivel de
significancia de 5%.

53



ARAUJO, M., T. Efeito de diferentes niveis de proteina na alimentacdo de Macrobrachium...

DISCUSSAO

A qualidade da agua do ambiente de cultivo é o aspecto de maior importancia que
pode limitar o desenvolvimento dos camardes, visto que € capaz de afetar seu habito
alimentar, crescimento, salde e sobrevivéncia (PINHEIRO e FILHO et al., 2007;
CAMPOS et al., 2007). Entdo faz-se necessario o controle e monitoramento
principalmente da temperatura, oxigénio dissolvido, pH, alcalinidade e compostos
nitrogenados (COSTA e STREIT, 2018).

A temperatura esteve em torno de 24°C ao longo do periodo de experimento,
devido as condigdes climaticas e a localizagdo das unidades experimentais em ambiente
aberto. Por estar em niveis aceitaveis, entretanto abaixo do nivel 6timo para esta variavel
(28-30°C - NEW et al., 2010), este fator possivelmente limitou o crescimento dos animais,
através da reducdo de seu metabolismo e diminuicdo da ingestdo do alimento fornecido.
A temperatura afetou a FCA nas combinagdes estudadas elevando-a e acarretando uma
baixa sobrevivéncia dos animais, que resultou na diminuicdo da biomassa, como

observado por Gandini et al., (2017).

Os baixos niveis de sobrevivéncia obtidos podem ter relacdo também com o
crescimento heterogéneo observado nos animais durante as biometrias. O comportamento
dominante dos animais maiores, demonstrado por machos do género Macrobrachium,
pode ter despertado a acdo de agressividade deste tipo morfol6gico de maior tamanho,
culminando no aumento de interagdes comportamentais negativas para com os individuos
menores, que apresentaram supressao em seu crescimento. Esta diferenciacdo de tamanho
e desenvolvimento tem se mostrado uma das principais dificuldades para a intensificacdo
desta atividade e com isso prejudicado o aumento na produtividade (Valenti e Flickinger,
2020). Tal fator também pode ter refletido nos mais altos resultados de produtividade,
ganho de biomassa e biomassa final na combinacdo RAS 30, demonstrando rela¢éo
inversamente proporcional a sobrevivéncia, ou seja, quanto maior o desempenho de alguns
individuos, que sdo 0os machos maiores e geralmente em menor quantidade, maior a
probabilidade de desenvolverem o comportamento territorialista e agonistico em relacéo

aos demais animais, levando a reducédo das taxas de sobrevivéncia.

O pH em sistemas heterotroficos deve ser mantido de acordo com as necessidades
das bactérias presentes no sistema. Segundo NEW et al (2002), a faixa 6tima de pH em

cultivos de camardo situa-se entre 7.0 e 8.5, que em nosso experimento variou
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minimamente em torno de 8.0. Tal fato pode ter favorecido o crescimento e manutencédo
de bactérias oxidantes do nitrito (BON), que requerem valores de pH em torno de 8.0
(TIMMONS e EBELING, 2007) e por isso, 0s niveis do nitrito se mantiveram baixos.

As flutuagOes observadas em relacdo aos compostos nitrogenados sao inerentes
aos sistemas intensivos (AVNIMELECH et al., 2012; BALLESTER et al., 2017) e foram
registradas ao longo do experimento, permanecendo entre os limites recomendados para
a espécie estudada (NEW et al., 2010; PEREZ-FUENTES et al., 2013). Em relacdo ao N-
NOs, que apresenta menor potencial de toxicidade entre os compostos nitrogenados, existe
uma tendéncia de seu acimulo ao longo do tempo em sistemas intensivos, por se tratar do
produto final da nitrificacdo (TIMMONS e EBELING, 2007; KUHN et al., 2010; LUO et
al. 2019), ocorrendo em maior frequéncia nas combinac6es do sistema de heterotréficos,
demonstrando que as bactérias estavam em plena atividade quanto a ciclagem do

Nitrogénio.

Quanto a contagem total bacteriana, Bacillus sp, fungos totais, e leveduras foram
influenciadas apenas pelos sistemas de cultivo, em que as maiores concentragdes foram
observadas no sistema de heterotréficos, apresentando valores médios ao final do cultivo
entre 1,82.10° e 9,32.10* UFC para os sistemas de recirculacdo e heterotrofico
respectivamente. Os valores de contagem total encontrados no presente estudo,
aproximam-se dos relatados por Kennedy et al., (2006) que observou concentracfes de
1,62. 10 > UFC ao avaliar amostras de dgua ao 43° dia de cultivo do Macrobrachium
rosenbergii comparando diferentes fontes de agua. A concentracéo de Bacillus sp na agua
ao final do experimento (4,09.10* a 2,61.10% UFC) apresentou valores semelhantes aos
encontrados por Frozza et al., (2021) ao avaliar a acdo probidtica de duas espécies de
Bacillus sp no cultivo de M. rosenbergii, esses autores observaram concentragdes entre
5,7.10% e 5,9.10* ao final de 40 dias.

As diferencas encontradas entre os sistemas de cultivo podem ser decorrentes das
técnicas caracteristicas de cada sistema de producdo (e.g. aplicacdo de melago da cana de
acucar como suplemento de carbono orgéanico), uma vez que a comunidade bacteriana de
um sistema pode variar em fungdo de fatores como qualidade de agua, técnicas de criagdo
ou do uso de suplementos (Harris, 1993; Kennedy et al., 2006). Além disso, ao contrario
do sistema de recirculacdo e o sistema heterotrofico promove uma maior turbidez nas

unidades de cultivo em decorréncia da elevada concentragdo de particulas suspensas
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(Hosain et al., 2021), por sua vez, estudos observaram que a concentracao de solidos totais
em suspensdo pode influenciar diretamente nas contagens bacterianas da dgua de cultivo
(Andreson et al., 1989; Phatarpekar et al., 2002). Poucas informagdes ambientais sobre 0s
niveis de fungos ou os seus efeitos em cultivos de M. rosenbergii estdo disponiveis,
entretanto Nguyen et al., (2019) concluiram em sua pesquisa que a levedura pode ser um

substituto parcial da farinha de peixe na dieta do M. rosenbergii.

O hepatopéancreas € o0 6rgdo responsavel pela producdo de enzimas digestivas e
absorcéo de nutrientes no camardo (Frozza et al., 2021), a sua coloniza¢cdo com micro-
organismos que possuem ac¢do probidtica pode favorecer a assimilacdo de nutrientes por
estes animais (Du et al., 2013). Segundo Wang et al., (2017) as bactérias do género
Bacillus adicionadas na dgua ou na racao atuam em cultivos aquicolas como probidticos
e desempenham um importante papel no controle de patdgenos e favorecimento do
desempenho zootécnico. As concentracdes de Bacillus sp no hepatopancreas do M.
rosenbergii, encontradas ao final do presente estudo (entre 2,83.10° e 5,20.10" UFC) s&o
superiores as observadas por Frozza et al., (2021), que ao final de 40 dias de cultivo do M.
rosenbergii em sistema de bioflocos observou concentracdes de Bacillus entre 6,2. 10% e
16,0. 102 UFC. Tal diferenca pode estar relacionada ao tempo de cultivo dos animais com
a presenca dessas bactérias, e possivelmente a temperatura, uma vez que estes autores
também compararam seus resultados com concentra¢fes encontradas em cultivos com
duracdo de 56 e 60 dias e sugerem que as bactérias podem necessitar de um maior tempo

até se estabilizarem no trato gastrointestinal dos camardes.

CONCLUSAO

Os camarfes alimentados com diferentes niveis proteicos e cultivados em
diferentes sistemas intensivos apresentaram maiores resultados relacionados a
produtividade, ganho de biomassa e biomassa final para as combinagOes referentes ao
sistema de recirculacdo, em nos niveis proteicos ofertados. Entretanto, ndo foram
encontradas diferencas para os demais indices de desempenho zootécnico, assim como as
varidveis da qualidade da &gua do cultivo se mantiveram entre os niveis seguros, sendo
possivel concluir que podem ser utilizados os sistemas intensivos propostos a depender

das condigOes a que o produtor possui e tem disponibilidade para conducéo do cultivo.
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Considerac0es finais

O desempenho zootécnico do Macrobrachium rosenbergii ndo foi interferido
através dos sistemas intensivos de cultivo testados, podendo ser utilizado o
autotrofico ou o heterotrofico para a fase bercario e recirculagdo ou heteretrofico
para engorda;

E possivel reduzir o teor de proteina bruta da ragdo, visto que ndo foram
encontradas diferengas significativas entre as ragdes utilizadas quanto ao
desempenho zootécnico;

Os custos de producdo para cultivo em heterotrofico na fase de bercéario
apresentaram maior rentabilidade com a utilizacdo da racdo com menor teor
proteico testado (35%);

O cultivo heterotréfico possibilitou uma reducéo significativamente menor (10 X)
do volume de agua utilizado para obter a mesma biomassa em ambiente
autotrofico.

Estudos complementares que adicionem uma maior quantidade de substratos
artificiais em ambas as fases do ciclo de vida e uma maior estabilidade da
temperatura na fase de engorda, serdo cruciais na determinacéo da real influéncia
do sistema heterotrofico no cultivo desta espécie;

A realizacdo de analises econémicas e financeiras mais detalhadas poderédo

esclarecer a vantagem real da utilizacdo do sistema heterotrofico.
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