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Resumo 

 
O uso do sistema BFT (Biofloc Technology) está sendo implementado nas fases de 

berçário e engorda comercial de camarão marinho no Brasil. Entretanto, pouco sabe-se 

sobre o papel da combinção de bactérias e microalgas nesse sistema. Nesse sentido, o 

objetivo do estudo foi avaliar o uso de sistema de BFT em berçários de camarões marinhos 

com diferentes frequências e densidades de inoculação da diatomácea Navicula sp. no 

crescimento, qualidade da água e composição do floco microbiano. Foram realizados dois 

experimentos, onde no primeiro foi avaliado a densidade de adição da Navicula sp. no 

sistema de cultivo e, no segundo, avaliou-se a melhor frequência de adição da diatomácea. 

Ambos os experimentos contaram com quatro tratamentos, todos em triplicata. O 

primeiro experimento foi formado pelos tratamentos: BFT (sem adição da Navicula sp.); 

BFT 2,5N (com adição de Navicula sp. a densidade de 2,5 x 104 células.mL); BFT 5N 

(com adição de Navicula sp. a densidade de 5 x 104 células.mL) e BFT 10N (com adição 

Navicula sp. a densidade de 10 x 104 células.mL). O cultivo teve uma duração de 42 dias 

e foram avaliados o desempenho zootécnico e qualidade de água. Os camarões (1 ± 0,01 

mg) foram estocados a uma densidade de 3.000 pós-larvas.m³ e foram alimentados com 

ração comercial. A microalga foi inoculada nas unidades experimentais de acordo com a 

densidade descrita para cada tratamento no primeiro, décimo, vigésimo e trigésimo dias 

de cultivo. Os tratamentos BFT 5N e BFT 10N apresentaram valores de desempenho 

superiores, destacando-se os valores de produtividade (2,30 e 2,42 kg.m3) e taxa de 

crescimento específico (15,92 e 16,08 %.dia), que foram superiores aos demais 

tratamentos. Além disso, os maiores níveis de ácidos graxos foram observados nos 

tratamentos com diatomáceas (BFT 5N e BFT 10N), indicando os benefícios do Navicula 

sp. no aumento do crescimento e conteúdo de ácidos graxos de pós-larvas de L. vannamei 

cultivadas em sistemas de bioflocos. No segundo experimento, quatro tratamentos foram 

avaliados: BFT (sem adição da Navicula sp.); BFT 5D (com adição de Navicula sp. a cada 

5 dias); BFT 10D (com adição de Navicula sp. a cada 10 dias) e BFT 15D (com adição 

Navicula sp. a cada 15 dias), todos em triplicata. O cultivo teve uma duração de 35 dias e 

foram avaliados o desempenho zootécnico e qualidade de água. Os camarões (5 ± 0,01 

mg) foram estocados a uma densidade de 3.000 pós-larvas.m³ e foram alimentados com 

ração comercial. A microalga foi inoculada nas unidades experimentais a uma densidade 

ceular de 10 x 104 cél.mL. Todos os dados foram submetidos a ANOVA (α≥0,05) onde 

não foram observadas diferenças significativas para os dados de qualidade da água, FCA 

e sobrevivência, já para o peso final, produtividade e, TCE foram encontradas diferenças 

significativas, onde os tratamentos BFT mais adição de Navicula sp. foram superiores ao 

tratamento controle (BFT sem adição de Navicula sp.), destacando o tratamento BFT 10D 
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que apresentou maiores valores para peso final (0,50 ± 0,06 g), produtividade ( 1,41 ± 

0,03 kg.m3) e TCE (13,17 ± 0,03 %/dia) em relação aos demais tratamentos. Por fim, 

conclui-se que as concentrações de 5 x 104 células.mL e 10 x 104  células.mL a Navicula 

sp. quando inoculadas a cada 10 dias apresentaram o melhor desempenho, o que indica 

os benefícios de Navicula sp. no aumento do crescimento de L. vannamei pós-larvas 

cultivadas em sistemas bioflocos.  

Palavras-chave: diatomáceas, camarão marinho, bioflocos, berçário 
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Abstract  

 
 

The use of the BFT system (Biofloc Technology) is being implemented in the nursery and 

commercial grow-out phases of shrimp in Brazil. However, little is known about the role 

of the combination of bacteria and microalgae in this system. In this sense, the objective 

of the study was to evaluate the use of the BFT system in marine shrimp nurseries with 

different frequencies and densities of inoculation of the diatom Navicula sp. on growth, 

water quality and microbial floc composition. Two experiments were carried out, in which 

the density of addition of Navicula sp. in the culture system and the second one evaluated 

the best frequency of addition of the diatom. Both experiments had four treatments, all in 

triplicate. The first experiment: BFT (without addition of Navicula sp.); 2.5N BFT (with 

the addition of 2.5 x 104 cells.mL Navicula sp.); BFT 5N (with the addition of 5 x 104 

cells.mL Navicula sp.) and BFT 10N (with the addition of 10 x 104 cells.mL Navicula 

sp.). The cultivation lasted 42 days and zootechnical performance and water quality were 

evaluated. The shrimp (1 ± 0.01 mg) were stored at a density of 3,000 post-larvae.m³ and 

they were fed with commercial feed. The microalgae was inoculated in the experimental 

units according to the density described for each treatment on the first, tenth, twentieth 

and thirtieth days of culture. The treatments BFT 5N and BFT 10N presented superior 

performance values, with emphasis on the values of productivity (2.30 and 2.42 kg.m3) 

and specific growth rate (15.92 and 16.08%.day), which were superior to the other 

treatments. In addition, the highest levels of fatty acids were observed in treatments with 

diatoms (BFT 5N and BFT 10N), indicating the benefits of Navicula sp. in increasing the 

growth and fatty acid content of L. vannamei post-larvae grown in biofloc systems. In the 

second experiment, four treatments were evaluated: BFT (without the addition of 

Navicula sp.); BFT 5D (with the addition of Navicula sp. every 5 days); BFT 10D (with 

addition of Navicula sp. every 10 days) and BFT 15D (with addition of Navicula sp. every 

15 days), all in triplicate. The cultivation lasted 35 days and zootechnical performance 

and water quality were evaluated. The shrimp (5 ± 0.01 mg) were stored at a density of 

3,000 post-larvae.m³ and they were fed with commercial feed. The microalgae was 

inoculated in the experimental units at a cell density of 10 x 104 cells.mL. All data were 

submitted to ANOVA (α≥0.05) where no significant differences were observed for the 

data of water quality. FCA, survival, final weight, productivity and SGR differed 

significantly, where Navicula BFT treatments were superior to the control treatment (BFT 

without the addition of Navicula sp.), highlighting the BFT 10D treatment that presented 

higher values for final weight (0.50 ± 0.06 g), productivity (1.41 ± 0.03 kg.m3) and 

specific growth rate (13.17 ± 0.03% / day) in relation to the other treatments. Finally, it 
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is concluded that the concentrations of 5 x 104 cells.mL and 10 x 104 cells.mL of Navicula 

sp. when inoculated every 10 days they showed the best performance, which indicates the 

benefits of Navicula sp. in the growth of post-larvae L. vannamei grown in biofloc 

systems. 

 

Key words: diatoms, marine shrimp, bioflocs, nursery
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1- Introdução 

1.1- Contextualização da pesquisa 

 

Com a redução nas capturas pesqueiras e com o aumento da população mundial, a 

aquicultura é uma atividade que apresenta alto potencial para suprir a demanda por alimentos 

de origem aquática (AHMAD & SUBASINGUE, 2010). Sorgeelos et al. (2010), relatam que 

a aquicultura é o setor de produção de alimentos com maior crescimento mundial e destaca 

que aproximadamente 50% de todo o alimento marinho consumido é advindo de cultivos. 

Segundo dados da FAO (2020), entre os anos de 1986 a 1995 a atividade aquícola 

mundial alcançou uma produção de aproximadamente 14,9 milhões de toneladas, 

apresentando uma crescente nos anos seguintes. Em 2018, essa produção foi de 

aproximadamente 82,1 milhões de toneladas, indicando que o setor teve um incremento de 

mais de 150% na sua produção (FAO, 2020). Desse total, a aquicultura marinha produziu 

aproximadamente 30.756 mil toneladas do qual 18,64% foram advindos da produção de 

crustáceos (FAO, 2020). 

Entre as várias atividades que compõem a aquicultura, a carcinicultura destaca-se pelo 

seu grande crescimento em diversas partes do mundo. No Brasil, a carcinicultura iniciou sua 

produção comercial na década de 1970, mas foi na década de 1990 que ocorreram as maiores 

transformações, a principal delas, foi a introdução do pacote tecnológico para o cultivo do 

Litopenaeus vannamei, que hoje é a principal espécie cultivada mundialmente (NATORI et 

al., 2011; ROCHA, 2006). Segundo dados obtidos pelo IBGE, em 2018, o Brasil produziu 

aproximadamente 45,8 mil toneladas apresentando um aumento de 11,4% em relação ao ano 

anterior, onde a região Nordeste representa mais de 99% do total da produção no país (IBGE, 

2018)  

Apesar de apresentar destaque dentre as atividades aquícolas, a carcinicultura é 

duramente criticada pelo impacto negativo que pode causar ao meio ambiente. Nos últimos 

anos, diversos estudos foram realizados com o objetivo de criar uma tecnologia que 

minimizasse esses impactos e assim surgiu o sistema de bioflocos. Esse sistema baseia-se na 

mínima ou zero troca de água, onde os animais são produzidos em pequenas áreas, de forma 
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biossegura e sustentável e com uma significativa redução no descarte de efluentes (DE 

SCHRYVER et al., 2008; CRAB et al., 2012). Nesses cultivos, ocorre a formação de 

agregados microbianos que são compostos por bactérias, microalgas, microfragelados, 

nematóides, zooplâncton, fungos, fezes e exoesqueleto de animais mortos. Esses agregados 

podem servir como fonte de suplementação alimentar, trazendo benefícios como maior taxa 

de crescimento, aumento no peso final e redução do fator de conversão alimentar para os 

camarões (ZHAO et al., 2012; PÉREZ-FUENTES et al., 2013).  

Nos últimos anos, estudos vêm sendo realizados para aprimorar o pacote tecnológico 

do sistema de bioflocos. Alguns dos estudos são direcionados a encontrar formas de melhorar 

nutricionalmente o floco formado no sistema, e uma das formas estudadas é a adição de 

microalgas (BRITO et al., 2016; MARINHO et al., 2014, 2016; ABREU et al., 2019). Esses 

microorganismos podem atuar de duas formas no sistema: melhorando a qualidade da água 

através da absorção dos compostos nitrogenados acumulados e como uma suplementação 

alimentar de alta qualidade (JUAREZ et al., 2010), visto que apresentam uma rica composição 

nutricional (COUTTEAU, 1996). Além disso, as microalgas são uma fonte alimentar essencial 

nos estágios iniciais de desenvolvimento dos camarões (JUAREZ et al., 2010; ZMORA et al., 

2013). Sabe-se que os camarões podem consumir as bactérias (AVNIMELECH, 1999; MOSS 

et al., 2000), fitoplâncton (KENT et al., 2011; OTOSHI et al., 2011) e zooplâncton (DECAMP 

et al., 2007) agregados aos bioflocos, e alguns autores observaram que isso têm aumentado 

significativamente as taxas de crescimento dos camarões (KUHN et al., 2010; AUDELO-

NARANJO et al., 2012), assim como, melhora a eficiência das enzimas protease, lipase, 

amilase, celulase, tripsina (XU et al., 2013), e a resposta imune dos camarões da espécie L. 

vannamei (XU e PAN, 2013). 

Dentro do grupo de microalgas presentes nesses sistemas, as diatomáceas se destacam 

por apresentarem um alto valor nutricional, ricas em ácidos graxos altamente insaturados e 

aminoácidos essenciais, e por serem facilmente digeríveis pelos camarões (JU et al. 2008, 

2009; JAIME-CEBALLOS et al., 2006; PHILLIPS, 1984). Alguns autores já relataram que a 

inoculação de algumas espécies de diatomáceas no sistema de cultivo trás benefícios e 
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melhora o desempenho zootécnico dos camarões (BRITO et al., 2016; MARINHO et al., 

2014, 2016; ABREU et al., 2019). Dentre as diatomáceas utilizadas nos trabalhos citados 

anteriormente, destaca-se a Navicula sp. que segundo KHATOO et al. (2009) ao avaliar a sua 

composição nutricional encontrou níveis em peso seco de proteína de 430-490 g / kg, de 

lípidos entre 230 e 260 g / kg,  de EPA entre 30 e 150 g de lípidos / kg e, de DHA, entre 20 e 

30 g de lípido / kg. 

Diante do exposto, objetivou-se com o desenvolvimento do presente estudo avaliar 

qual a melhor densidade e a melhor frequência de adição da diatomácea Navicula sp. no 

cultivo do Litopenaeus vannamei em sistema de bioflocos. 
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Hipótese 

 

 A adição da diatomácea Navicula sp. em uma densidade e frequência específica 

contribui para o melhor desempenho zootécnico de pós larvas de L. vannamei cultivadas em 

sistema de bioflocos na fase de berçário. 

 

1.3- Objetivos do trabalho (geral e específicos) 

 

✓ Geral 

Aprimorar a tecnologia do cultivo de Litopenaeus vannamei na fase berçário em 

sistema BFT com adição de diatomácea. 

✓ Específico 

1. Avaliar o cultivo berçário de Litopenaeus vannamei em sistema de bioflocos com 

adição de Navicula sp. em diferentes densidades e frequências; 

2. Avaliar a dinâmica dos compostos fosfatados e nitrogenados na água ao longo do 

cultivo na fase berçário em sistema de bioflocos com adição de Navicula sp. em 

diferentes densidades e frequências; 

3. Avaliar o crescimento e sobrevivência dos camarões na fase berçário em sistema 

de bioflocos com adição de Navicula sp. em diferentes densidades e frequências; 

4. Analisar a composição centesimal dos camarões na fase berçário em sistema de 

bioflocos com adição de Navicula sp. em diferentes densidades. 
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2- Effects of addition of Navicula sp. (diatom) in different densities to postlarvae of shrimp 

Litopenaeus vannamei reared in a BFT system: Growth, survival, productivity and fatty 

acid profile. 

 

Artigo científico publicado na revista Aquaculture Research (ISSN: ISSN: 1365-2109), 

conforme Anexo I. 
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Effects of addition of Navicula sp. (diatom) in different densities to postlarvae of shrimp 

Litopenaeus vannamei reared in a BFT system: Growth, survival, productivity and fatty acid 

profile 

 

Abreu et al., 2019 

 

Abstract 

 

The objective of this study was to evaluate the effect of the addition of Navicula sp. on the 

growth and fatty acids profile of Litopenaeus vannamei postlarvae in a biofloc system (BFT). 

Four treatments were used: BFT; BFT 2.5N (addition of 2.5 × 104 cells/ ml of Navicula sp.); 

BFT 5N (addition of 5 × 104 cells/ml of Navicula sp.) and BFT 10N (addition of 10 × 104 

cells/ml of Navicula sp.), all in triplicate. The shrimp (1 ± 0.01 mg) were stocked at a density 

of 3,000 postlarvae/m3 and fed with commercial feed. The diatom was added every 10 days, 

and at the end of 42 days, shrimp performance, water quality and proximal composition were 

evaluated. The BFT 5N and BFT 10N treatments had higher performance values, highlighting 

the values of productivity (2.30 and 2.42 kg/m3) and specific growth rate (15.92 and 

16.08%/day), which were higher than the other treatments. In addition, the highest levels of 

fatty acids were observed in treatments with diatom (BFT 5N and BFT 10N), indicating the 

benefits of Navicula sp. on growth enhancement and fatty acid content of L. vannamei 

postlarvae grown in biofloc systems. 

 

KEYWORDS diatoms, presumptive diagnosis, proximal composition, stress response, water 

quality 
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1. Introduction 

 

 Shrimp farming in Brazil is almost entirely based on the cultivation of Litopenaeus 

vannamei and in 2017 reached production of approximately 41 thousand tonnes (IBGE 

[Instituto Brasileiro de Geografia e Estatística], 2018). Much of this production is in semi‐

intensive farming systems, with regular water exchanges and less biosecurity. However, in 

recent years, problems of outbreaks of viruses such as infectious myonecrosis virus (IMNV) 

and white spot syndrome virus (WSSV) have resulted in reduced productivity. Therefore, it is 

necessary to use systems with minimum water changes and emission of effluents 

(Krummenauer & Seifert, 2012), such as the biofloc system (Crab, Defoirdt, Bossier, & 

Verstraete, 2012; Pérez‐Fuentes, PérezRostro, & Hernández‐Vergara, 2013). 

 The key to biofloc systems is their manipulation of the carbon–nitrogen relationship in 

the ponds or raceways, stimulating the growth of the microbial community formed by bacteria, 

phytoplankton, zooplankton, uneaten feed and faeces remains, exoskeletons and other 

invertebrates (Avnimelech, 2009; De Schryver, Crab, Defoirdt, Boon, & Verstraete, 2008; 

Samocha et al., 2017), providing an increase in final weight, a higher growth rate and a 

reduction in feed conversion ratio (FCR) (Avnimelech, 2009; PérezFuentes et al., 2013; Zhao 

et al., 2012). However, some studies indicate a deficiency in essential amino acids on bioflocs, 

such as methionine and lysine (Gamboa‐Delgado et al., 2017; Valle et al., 2015), and 

polyunsaturated fatty acids, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA) (Ekasari, Crab, & Verstraete, 2010). 

 The presence of microalgae may be beneficial because of its contribution as a food 

source for the farmed shrimp. Ray, Shuler, Leffler, and Browdy (2009) reported that the 

biomass in an autotrophic– heterotrophic shrimp system was 17% higher and the FCR was 

18% lower than those in a completely heterotrophic system. The planktonic community could 

play an important role in shrimp nutrition in biofloc systems because of its good nutritional 

quality, considering plankton protein, lipid and carbohydrate levels ranging, respectively, 
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from 12% to 35%, 7% to 23% and 4% to 23% of their dry weight, making them a significant 

food source in the early stages of cultivation (Brito et al., 2016; Hemaiswarya, Raja, 

Ravikumar, Ganesa, & Anbazhagan, 2011; Marinho, Brito, Silva, Santos, & Gàlvez, 2014; 

Marinho et al., 2016; Muller‐Feuga, Robert, Cahu, Robin, & Divanach, 2003; Richmond, 

2004). In terms of microalgal communities, diatoms are distinguished by their high nutritional 

content and can contribute with essential amino acids and highly unsaturated fatty acids 

(HUFAs) (Ju et al., 2008; Ju, Forster, & Dominy, 2009).  

 Navicula sp. is a benthic diatom that presents approximate dry weight levels of 430–490 

g/kg of protein, 230–260 g/kg of lipids, which are 30–150 g of EPA g/kg and 20–30 g of DHA 

g/kg (Khatoon, Banerjee, Yusoff, & Shariff, 2009). Other studies have shown that the lipid 

content ranges from 4.3% to 31.7% and protein from 12.7% to 13.31% (Courtois, Viera, 

Huchetteb, & Izquierdo, 2012; Pacheco-Vega, Cadena‐Roa, Ascencio, Rangel‐Dávalos, & 

Rojas‐contreras, 2015). In this context, some studies using Navicula sp. (5 × 104 cells/ ml 

addition every 5 days) in biofloc systems in the nursery phase presented good results regarding 

the nutritional contribution of this diatom to the growth of L. vannamei postlarvae (Brito et 

al., 2016; Marinho et al., 2014, 2016).  

 According to Underwood, Boulcott, Raines, and Waldron (2004) bethic diatoms 

produce fucose, xylose, mannose, galactose, glucose and glucans as intracellular storage 

compounds. These extracellular polymeric substances are important as adhesive components 

for the attachment of symbiotic bacteria (Watanabe et al., 2005). Another beneficial effect of 

microalgal–bacterial interactions is the excretion into the environment of carbon sources or 

other products by microalgae that have a stimulatory effect on bacteria, including bacterial 

DNA synthesis (Murray, Cooksey, & Priscu, 1986), and increased bacterial biofilm formation 

(Espeland, Francoeur, & Wetzel, 2001). This beneficial effect depends on microalgae and 

bacterial density and species (Natrah, Bossier, Sorgeloos, Yusoff, & Defoirdt, 2014).   

Therefore, the objective of this study was to evaluate the effect of the addition of 

different densities of the diatom Navicula sp. on the shrimp performance and fatty acids profile 

of L. vannamei in the nursery phase reared in a biofloc system. 
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2. Materials and Methods 

 

2.1  Experimental conditions 

 

An indoor trial was conducted for 42 days at the Sustainable Mariculture Laboratory 

(LAMARSU) of the Fisheries and Aquaculture Department (DEPAq) of the Rural Federal 

University at Pernambuco (UFRPE), Recife, Brazil. The experimental design was completely 

randomized with four treatments: BFT (biofloc system without addition of Navicula sp); BFT 

with the addition of 2.5 × 104 cells/ml Navicula sp. (BFT 2.5N); BFT with the addition of 5 × 

104 cells/ml Navicula sp. (BFT 5N); and BFT with the addition of 10 × 104 cells/ml Navicula 

sp. (BFT 10N), all in triplicate.  

Five days prior to stocking, water from a matrix tank (TAN 0.05 mg/L, N‐NO2 0.25 

mg/L, N‐NO3 0.5 mg/L, alkalinity 150 mg CaCO3/L, pH 8.8, salinity 30 g/L, P‐

orthophosphate 0.9 mg/L, TSS 100 mg/L and settleable solids 4.16 ml/L) was mixed and 

distributed equally to fill 12 black plastic tanks (50 L, 50 × 35 × 23 cm). The experimental 

units were constantly aerated by three airstones per tank. No water exchange was carried out 

during the experimental period, except for the addition of dechlorinated freshwater to 

compensate for evaporation losses. Light intensity was kept at 27 µmol m−2 s−1 using a 

fluorescent lamp with a natural photoperiod.  

Molasses (30% organic carbon) was added once a day as a carbohydrates source to 

maintain the CHO:N ratio at 12:1, and was calculated based on Ebeling, Timmons, and 

Bisogni (2006). Calcium hydroxide (Ca(OH)2) with high neutralizing power (132%), 

reactivity of 62% and relative total neutralization power of 81% was added at 10% (by weight) 

of the daily feed lot throughout the study. 

 

2.2 Shrimp stocking, feeding and monitoring 
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The postlarvae (1 ± 0.01 mg) of L. vannamei were obtained from a commercial 

laboratory (Aquasul, RN, Brazil) and stocked at a density of 3,000 postlarvae/m3 (150 shrimp 

by experimental units) until 42 days. The postlarvae were fed four times a day (at 08:00 a.m., 

11:00 a.m., 02:00 p.m. and 04:00 p.m.), with a commercial shrimp feed (0.4–1 mm in 

diameter) with 40% crude protein and 8% lipids (In vivo Animal Nutrition and Health). The 

daily feeding rate of 35% of body weight used at the start of the culture was gradually reduced 

to 10% of body weight after 42 days based on the Van Wyk (1999) table and adjusted daily 

according to estimated shrimp consumption and mortality rate.  

Shrimp weight was monitored weekly after 15 days of culture to determine shrimp 

growth and adjust the amount of feed offered. At the end of the experiment, biomass gain, 

mean final weight, specific growth rate (SGR), FCR, survival and productivity were 

determined based on the following equations: 

 

✓ Biomass gain (g) = final biomass (g) − initial 

biomass (g);  

✓ Final weight (g) = final biomass (g)/number of individuals at the end of 

evaluation period; SGR (%/day) =  100 × [ln 

final weight (g) − ln initial weight (g)]/time (days);  

✓ FCR = feed supplied/biomass gain; Survival (%) = (number of individuals at 

the end of evaluation period/ initial number of individuals) × 100;  

✓ Productivity (kg/m3) = final biomass (kg)/volume of experimental unit (m3). 

 

2.3 Navicula addition 

 

The benthic diatom Navicula sp. was obtained from the Live Food Production 

Laboratory (LAPAVI) – DEPAq – UFRPE, and cultured in a Conway medium (Walne, 1966) 

with FeCl3·6H2O 1.30; MnCl2·4H2O 0.36; H3BO3 33.6; EDTA 45.0; NaH2PO4·2H2O 20.0; 

NaNO3 100.0; ZnCl2 1.1; CoCl2·6H2O 1.0; (NH4)6MO7O24·4H2O 0.45; CuSO4·5H2O 1.0; 
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Na2SiO3·5H2O 2.0; B12 0.1; B1 1.0 which was used in a 1.0 ml/L solution, maintained in water 

with 30 g/L salinity, pH 8.0, temperature 25 ± 1°C, and light intensity kept at 37 µmol m−2 s−1 

using a fluorescent lamp with a 12‐hr light/dark photoperiod. Diatoms were added on the 1st, 

10th, 20th and 30th days of experimental time in each experimental tank, regardless of the 

wastes of unconsumed diatoms, based on Marinho et al. (2014), Marinho et al. (2016) and 

Brito et al. (2016). 

 

2.4 Water quality 

 

Dissolved oxygen, temperature, salinity and pH (YSI model 100, Yellow Springs, 

Ohio, USA) were monitored twice a day (at 08:00 a.m. and 04:00 p.m.). Settleable solids (SS) 

(Imhoff cone) (Avnimelech, 2009) were monitored three times a week. Total ammonia 

nitrogen (TAN), nitrogen‐nitrite (N‐NO2), nitrogen‐nitrate (N‐NO3), total suspended solids 

(TSS), phosphorus ‐ orthophosphate (P‐PO43) and alkalinity (mg/L CaCO3) were monitored 

once a week, following the methods described by Koroleff (1976), Golterman, Clymo, and 

Ohnstad (1978), Mackereth, Heron, and Talling (1978), APHA (2005) and Felföldy, Szabo, 

and Tothl (1987) respectively. Alkalinity and dissolved nutrients were analysed from effluent 

samples filtered with 0.45 µm pore size HAWP Millipore membranes, while samples for 

analysing suspended solids were filtered through prehydrated 0.7 µm pore size AP40 

Millipore glass fibre filters. For TSS determination, membranes were weighed after being 

dried at 105°C. 

 

2.5 Proximate composition and fatty acids profile 

Biofloc samples were collected for proximal composition at the end of the experiment 

from each tank using a 100‐µm mesh, and oven‐dried at 60°C. Shrimp samples were also 

collected from each tank at the end of the experiment, washed with distilled water to remove 

epiphytes and encrusting material, and oven‐dried at 60°C. The dried samples, in triplicate, 

were ground and processed for biochemical analysis following AOAC (2000) at the Physical 
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Analysis and Food Chemistry Laboratory, UFRPE, Recife, Brazil. For moisture content, the 

quantities of samples were oven‐dried at 105°C until constant weight (315 SE model, Fanem). 

The difference in weight before and after sample drying was taken and expressed in 

percentage. Protein was determined by measuring nitrogen (N × 6.25) using the Kjeldahl 

method (TE 0363 model, Tecnal), and ash by oven incineration at 550°C (Q318 D24 model, 

Quimis). 

The crude lipids were extracted for analyses of their fatty acid profile by a 

transesterification procedure of extracted fatty acids or quantification of the lipid content as 

methyl ester derivatives (FAME) (Comeau, Hall, & Oldham, 1988; Wychen & Laurens, 

2013). 

 

2.6 Salinity stress test 

 

At the end of the experiment, a salinity stress test was carried out. This test consisted 

of transferring the juvenile shrimps from each treatment to three replicated units (10 shrimp 

per unit) containing freshwater, gently aerated by one air stone per recipient for 30 min. The 

shrimp were then transferred to a salinity of 35 g/L. After an additional exposure of 30 min, 

all shrimp not responding to mechanical stimulus were considered dead. Experimental 

conditions were 29.0 ± 0.5°C and pH 7.8 ± 0.1, using twelve 2‐L plastic bottles as 

experimental units (Burbano‐Gallardo et al., 2015). 

 

2.7 Presumptive diagnosis and total haemocyte count 

 

The measurement of presumptive analysis (Morales‐Covarrubias, 2010) and total 

haemocyte count (THC) (Guertler et al., 2013) were performed for 40 shrimp at the end of the 

rearing period (day 42). To measure presumptive analysis, the following scores were 

considered: degree of intestinal repletion—(0) empty; (1) slightly full; (2) moderately full; 

and (3) full; hepatopancreas–Tubules: (0) shows no signs of infection or deformation; (1) low 
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presence of tubular deformation (1–5/field/organism); (2) moderate presence of tubular 

deformation (6–10/field/organism), atrophy, melanization and tubular necrosis; and (3) high 

presence of tubular deformation (11–16/field/ organism), with moderate to severe lesions, 

with melanization, necrosis and tubular atrophy; epicomensals in the gills lamellae—(0) does 

not present lesions caused by epicomensals; (1) low presence of protozoa (1–

5/lamella/organism) and lesions caused by epicomensals; (2) moderate presence of protozoa 

(6–10/lamella/organism) and increased epicomensal lesions (melanization and formation of 

haemocytic nodules); and (3) high presence of protozoa (10–15/lamella/organism), moderate 

to severe lesions caused by epicomensals (multifocal melanized areas and formation of 

haemocytic nodules).  

The haemolymph sample was taken with a 1‐ml syringe containing 200 µl of precooled 

anticoagulant solution (modified Alsever solution (MAS) (336 mmol/L NaCl, 115 mmol/L 

glucose, 27 mmol/L sodium citrate, 9 mmol/L EDTA, pH 7.2) in the proportion of 1:2 (v:v). 

For total haemocyte counting, duplicates of 0.8 ml of diluted haemolymph were counted for 

the number of haemocytes using a haemocytometer under a light microscope. 

 

2.8 Statistical analysis 

 

A parametric one‐way ANOVA was used to analyse production parameters and stress 

salinity analysis, after confirming homocedasticity (Cochran p < 0.05) and normality 

(Shapiro–Wilk p < 0.05). Tukey's test (p < 0.05) was performed to compare and rank means 

from the three treatments and the control. Water quality parameters were analysed by 

performing repeated ANOVA measures. For nonparametric statistics data (temperature, pH, 

TAN, N‐nitrite, N-nitrate and P‐orthophosphate), the Kruskall–Wallis (α < 0.05) and Dunn 

tests (α < 0.05) were used to compare and rank medians from the three treatments and the 

control. For the THC (date log transformation), the t test was used. Data analyses were 

performed using ASSISTAT Version 7.7 (Assistat Analytical Software). 
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2.9  Results 

 

The water quality parameters of the culture treatments are presented in Table 1. Water 

temperature was maintained at 28°C, dissolved oxygen above 5 mg/L, pH at 8.3, alkalinity 

between 140.5 and 158.9 mg CaCO3/L, P‐orthophosphate around 1 mg/L, and TSS between 

147 and 182 mg/L, with no significant difference (α ≥ 0.05) between treatments. The results

 for dissolved inorganic nitrogen compounds were TAN < 0.2 mg/L, N‐

NO2 < 0.4 mg/L and N‐NO3 < 1 mg/L with no significant difference (α≥0.05) between 

treatments. There was no difference in salinity among the treatments with Navicula (31.7–

32.0 g/L), but all were slightly higher than the control (31.1 g/L). 

 The proximal compositions of the bioflocs are presented in Table 2. Moisture results 

varied from 87.6 to 88.9 g/kg, crude protein from 172.0 to 225.5 g/kg, crude lipids from 63 to 

150 g/kg and ash from 553.9 to 587.2 g/kg, with a significant difference (α≥0.05) between 

treatments for crude protein, lipids and ash.  

The fatty acids profile in the biofloc is presented in Table 2. In general, an increase in 

microalgae led to an increase in linoleic acid, EPA and DHA. The BFT 10N treatment 

presented high amounts of EPA and DHA of 3.140 and 5.163 g/kg respectively. It is also 

noteworthy that the BFT 5N and BFT 2.5N treatments also presented high values of EPA 

(1.281 and 2.529 g/kg) and DHA (1.088 and 3.690 g/kg). The highest values for linolenic acid 

and arachidonic acid were found in treatment BFT 2.5N at 1.156 and 1.035 g/kg respectively. 

In addition, the ratio (n‐3)/(n‐6) was higher in BFT 5N and BFT 10N. (Table 2).  

Table 3 summarizes the shrimp performance during the 42‐day experimental period. 

Shrimp survival rates were all above 93% and FCR above 0.8 with no significant difference 

(α≥0.05) between treatments. In terms of final weight, the different treatments with Navicula 

sp. had similar results, but the BFT 2.5N and BFT 5N treatments were also similar to the 

control BFT and only the BFT 10N treatment (0.86 ± 0.03 g) was higher to the control BFT 

(0.69 ± 0.03 g). However, for biomass gain, productivity and SGR, the treatments with 
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Navicula sp. had similar results, and while the BFT 2.5N did not differ from the BFT control, 

the results of BFT 5N and BFT 10N treatments were higher than the control BFT 

(α≤0.05).Shrimp survival after the salinity stress test was above 90% without a significant 

difference (α≥0.05) between the treatments. 

 The results of the presumptive diagnosis determined that 80% of all the animals in the 

treatments with the addition of Navicula sp. (BFT 2.5N, BFT 5N and BFT 10N) had a high 

degree of gut tissue repletion (grade 3), as opposed to 57% of the animals in the control group. 

In relation to the hepatopancreas, 95% of the animals showed no or very‐low tubular deformity 

(degrees of severity between 0 and 1) in all of the treatments, and 71–91% of the animals 

submitted to the treatments with an addition of diatoms had high rates of lipid droplets (grade 

3). In contrast, 28% of the control group (BFT) had a low to moderate presence of protozoa 

and melanization in the gill lamellae, with a maximum of 15% in the tested groups (BFT 2.5N, 

BFT 5N and BFT 10N) (Table 4). The THC was significantly higher (α < 0.05) in the animals 

submitted to treatments with the addition of diatoms (41.25 × 106 cells/ml) than in the control 

group (22.84 × 106 cells/ml) (Figure 1). 

 

2.10  Discussion 

 

The temperature, dissolved oxygen concentration and pH of the water remained within 

the ideal range for the cultivation of the species during the whole experimental period (Ponce‐

Palafox,  

Martinez‐Palacios, & Ross, 1997; Van Wyk & Scarpa, 1999). In biofloc systems, the 

increase in the microbial biomass and respective consumption of alkalinity causes a drop in 

pH levels (Silva, Wasielesky, & Abreu, 2013). To avoid pH fluctuations, alkalinity should be 

kept above 100 mg CaCO3/L, since it acts on the system as a buffer solution (Van Wyk & 

Scarpa, 1999). In this study, due to daily alkalinity correction, no decrease in pH levels was 

observed during the experimental period. The low TAN and N‐NO2 values observed during 

the experiment indicate the transformation of the nitrogen compounds (Ebeling et al., 2006), 
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which were within the ideal range for cultivation of the species (Van Wyk & Scarpa, 1999). 

In relation to P‐orthophosphate, the addition of the diatoms did not reduce this nutrient, similar 

to what was observed with Navicula sp., Amphora coffeaeformis, Cylindrotheca closterium 

and Conticribra weissflogii addition in BFT systems (Brito et al., 2016; Martins, Odebrecht, 

Jensen, D'Oca, & Wasielesky, 2016).  

In biofloc systems, the reduction in water exchange, high organic matter loading and 

the rapid growth of heterotrophic bacteria provide an increase in the amount of TSS in the 

system (Van Wyk, 2006). During cultivation, TSS remained close to the values recommended 

for the development of the species. Recent studies report that the concentration of TSS should 

be maintained between 250 and 350 mg/L (Samocha et al., 2017).  

Regarding the proximal composition of bioflocs, it was observed that the addition of 

diatoms did not contribute to an increase in protein. The lowest protein level was observed in 

the treatment with the highest diatom concentration, and conversely the highest protein level 

was observed in the treatment without an addition of diatoms. Therefore, it is necessary to 

evaluate the amino acids profile of the bioflocs, mainly due to the better shrimp performance 

obtained in treatments with the addition of diatoms. According to Ekasari et al. (2014), the 

biofloc size class >100 μm contains the highest protein (27.8%) and lipid (7.5%) levels but 

the lowest essential amino acids content.  

The highest ash content percentage in the biofloc was found in the treatments with a 

higher addition of diatoms than in the BFT. Ash content is a measure of the total amount of 

minerals present in a food. Seven minerals (calcium, copper, magnesium, phosphorus, 

potassium, selenium and zinc) have been recommended for inclusion in penaeid shrimp's diets 

(Shiau, 1998), since dietary sources of these minerals is necessary for growth because of the 

repeated losses of certain minerals during moulting. Despite the benefit of using diatoms to 

increase ash, it is necessary to determine the concentrations of the minerals present in the 

biofloc and their bioavailability for the cultivated animals.  

The lipid content was higher in the treatment without an addition of diatoms. However, 

the EPA and DHA levels in the BFT 5N and BFT 10N treatments were at ideal levels for the 
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shrimp's diet. Four fatty acids are particularly important dietary ingredients for crustaceans: 

linoleic acid (18:2n‐6), linolenic acid (18:3n‐3), EPA (20:5n‐3) and DHA (22:6n‐3) (Wickins 

& Lee, 2002). The latter two n‐3 HUFAs are the most indispensable, and it is generally safe 

to assume that they are better utilized by crustaceans and have better nutritional value than 

other lipids (Lim, Ako, Brown, & Hahn, 1997). They also increase resistance to environmental 

stress and disease (Wickins & Lee, 2002), and promote higher growth, better survival and 

higher feed efficiency of L. vannamei (Lim et al., 1997). Diatoms are rich in fatty acids, 

especially EPA (20:5n‐3) and DHA (22:6 n‐3), with a variation of 5%‐35% of total 

polyunsaturated fatty acids (Hemaiswarya et al., 2011; Patil et al., 2007), and promote 

increased concentrations of fatty acids in the bioflocs and probably improve shrimp 

performance in the nursery phase.  

It was observed that the BFT 10N treatment presented a higher shrimp performance 

than the control. Some studies have shown that the inoculation of Navicula in L. vannamei 

postlarvae culture improves growth performance (Brito et al., 2016; Marinho et al., 2014, 

2016), corroborating the observations of this study. The results for biomass gain (F = 7.4926), 

productivity (F = 7.6790) and SGR (F = 7.5064) were also significantly higher in the BFT 5N 

and BFT 10N treatments, highlighting the higher productivity values (2.30 and 2.42 kg/m3) 

than the other treatments. Brito et al. (2016) reported productivity of 1.76 ± 0.51 kg/m3, using 

a Navicula sp. concentration of 5 × 104 cells/ml in an L. vannamei culture in a biofloc system 

for 35 days. Such result is lower than that observed in this study, indicating that higher density 

inoculation of diatoms increases productivity. Regarding the SGR, the BFT 5N and BFT 10N 

treatments differed significantly from the other treatments. The results were similar to those 

observed with the addition of microalage in bioflocs by Marinho et al. (2014), who found a 

rate of 14.87 ± 0.61%/ day, and higher than that attained by Brito et al. (2016), who found a 

rate of 9.41 ± 0.41%/day. For FCR and survival, no significant differences were observed 

between treatments, indicating that the density of Navicula sp. did not influence these 

parameters. The better shrimp performance in the BFT 10N treatment may be associated with 

the fatty acids in the bioflocs. Courtois et al. (2012) evaluated the nutritional value of four 
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diatom species for shrimp, one of them being Navicula incerta, and observed 4.35 ± 0.17% of 

lipids in dry weight, of which 21.8% was EPA and 0.07% DHA, indicating that diatoms can 

contribute nutritionally to the performance of L. vannamei.  

The hepatopancreas is an important indicator of shrimp health because it is extremely 

sensitive to different diets and water pollutants, and can be observed directly under a 

microscope (Manan, Zhong, Othman, & Ikhwanuddin, 2015). In this study, by means of fresh 

examination, it was possible to determine that the animals in the treatments with the addition 

of microalgae (BFT 2.5N, BFT 5N and BFT 10N) had hepatopancreas with tubules full of 

lipid droplets and without significant lesions, as well as a filled intestine, revealing the positive 

effect of the inclusion of Navicula sp. on the health of the shrimp.  

As for the presence of epicomensals on the gill lamellae, 28% of the animals in the 

control group had 1–10 protozoa per lamella, while the animals in the treatments BFT 2.5N, 

BFT 5N and BFT 10N an occurrence of at most 14%–18% was observed at the same counting 

interval. In general, high concentrations of organic material (low water quality) increases the 

epicomensal counts in the gill lamellae (Cuéllar‐Anjel, 2008), and the number of unhealthy 

shrimp (Guzmán & Valle, 2000). In this study, no significant differences were found in the 

water quality parameters evaluated, suggesting that the differences in the epicomensal counts 

could be linked to the better health conditions recorded in the treatments inoculated with 

diatoms.  

Regarding the THC, higher mean values were found in the animals of the treatments 

with the addition of Navicula sp. in relation to BFT. According to Krupesha, Seema, Philipose, 

and Radhkrishnan (2009), higher THC provides higher immunological status, since its 

increase may provide the crustaceans greater protection against infections since haemocytes 

are the main immunocompetent cell in crustaceans (Jiravanichpaisal, Lee, & Soderhall, 2006). 

 

2.11  Conclusion 

 

It is concluded that the diatom Navicula sp. inoculated at a density of 5 × 104 cells/ml 
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(BFT 5N) and 10 × 104 cells/ml (BFT 10N) provides benefits for the development of L. 

vannamei postlarvae, since it presented higher values in the performance variables for final 

mean weight, productivity, biomass gain, SGR and shrimp health status. In addition, the 

inoculation with diatoms improved the nutritional quality of bioflocs by increasing the amount 

of fatty acids. 
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Table 1. Water quality parameters in the culture of Litopenaeus vannamei under nursery 

biofloc system with and without the addition of diatoms 

 

Parameters 

Treatments  

BFT BFT 2.5N BFT 5N BFT10N  

Salinity (g L-1) 31.07 ± 0.57b 31.72 ± 0.39ab 31.94 ± 0,39ab 32.05 ± 0.32a p = 0.016 

Temperature (ºC) 28.23 ± 0.12a 28.42 ± 0.10a 28.39 ± 0,37a 28.38 ± 0.03a h = 1.3204 

Dissolved oxygen (mg L-1) 5.12 ± 0.02a 5.09 ± 0.04a 5.08 ± 0,03a 5.01 ± 0.03a p = 0.196 

pH 8.30 ± 0.03a 8.31 ± 0.05a 8.31 ± 0.02a 8.30 ± 0.02a h = 0.2156 

TAN (mg L) 0.19 ± 0.03a 0.20 ± 0.06a 0.08 ± 0,06a 0.08 ±0.02a h = 6.3385 

N- Nitrite (mg L) 0.40 ± 0.01a 0.40 ± 0.01a 0.38 ± 0,01a 0.38 ± 0,01a h = 1.9183 

N-Nitrate (mg L) 0.97 ± 0.02a 0.95 ± 0.01a 0.97 ± 0.01a 0.98 ± 0.01a h = 0.5906 

Alkalinity (mg CaCO3 L) 158.93 ± 11.48a 140.53 ± 11.60a 156,53 ± 19,61a 157,60 ± 9,47a p = 0.406 

Orthophosphate (mg L) 1.18 ± 0.14a 1.11 ± 0.12a 1,19 ± 0,06a 1,17 ± 0,09a h = 0.7978 

TSS (mg L) 170 ± 44a 147 ± 65a 159 ± 65a 182 ± 76a p = 0.449 

Results from ANOVA, Tukey’s test (P) and the Kruskall-Wallis, Dunn (H). Values in the same column with 

different superscripts differ significantly (α <0.05); BFT (biofloc system without addition of Navicula sp.); BFT 

2.5N (addition of 2.5 x 104 cells mL-1 of Navicula sp.); BFT 5.0N (addition of 5 x 104 cells mL-1 of Navicula sp.) 

and 10.0N BFT (addition of 10 x 104 cells mL-1 of Navicula sp.) TAN- total ammonia nitrogen; TSS - total 

suspended solids. 
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Table 2. Proximate composition of microbial floc samples and fatty acids profiles at the end 

of the experimental period of Litopenaeus vannamei postlarvae reared in biofloc system 

without addition of diatoms and with different densities of diatom addition. 

 

Treatments 

Recommended levels 

BFT BFT 2.5N BFT5N BFT10N 

Proximal composition 

Moisture   

Crude protein 

     

89.57 ± 0.66a 88.87 ± 0.35a 88.68 ± 2.83a 87.98 ± 0.84a  

225.5 ± 1.66a 206.7 ± 0.81a 220.7 ± 0.09a 172.0 ± 1.28b 45%-50%² 

Crude lipids 150 ± 0.03a 98 ± 0.03b 97 ± 0.01b 63 ± 0.00c 9%-15%² 

Ash 553.9 ± 4.2c 567.0 ± 3.4bc 579.9 ± 8.9ab 587.2 ± 1.8a  

Fatty acids      

C18:2n-6 (LA) 4.301 6.390 8.484 12.466 0.4%² 

C18:3n-3 (ALA) 0.767 1.156 0.613 0.699 0.3%² 

C20:4n-6 (ARA) 0.775 1.035 0.538 0.884  

C20:5n-3 (EPA) 0.835 1.281 2.529 3.140 0,4%² 

C22:6n-3 (DHA) 0.709 1.088 3.690 5.163 0,4%² 

Σ Saturated 15.268 20.911 23.717 30.034  

Σ Monounsaturated 7.328 9.346 6.066 7.177  

Σ  n-3 2.312 3.526 6.833 9.003  

Σ  n-6 5.076 7.425 9.023 13.350  

*Except for moisture (%). The data correspond to the mean of three replicates ± standard deviation. Results from 

one-way ANOVA and Tukey test. Mean values in the same row with different superscripts differ significantly 

(α≤0.05). BFT (biofloc system without addition of Navicula sp.); BFT 2.5N (addition of 2.5 x 104 cells mL-1 of 

Navicula sp.); BFT 5.0N (addition of 5 x 104 cells mL-1 of Navicula sp.) and 10.0N BFT (addition of 10 x 104 

cells mL-1 of Navicula sp.) 
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Table 3. Shrimp performance in the culture (42 days) of Litopenaeus vannamei under nursery 

biofloc system with and without the addition of diatoms. 

Parameters 

Treatment 

BFT BFT 2,5N BFT5N BFT10N 

 

Probability 

 

 

F ratio 

Final weight (g) 0.69 ± 0.03 b 0.79 ± 0.03 ab 0.80 ± 0.08 ab 0.86 ± 0.03 a P=0.0149 F=6.5730* 

Biomass Gain (g) 97.25 ± 5.94 b 109.51 ± 5.69 ab 114.59 ± 8.37 a 120.97 ± 4.90 a P= 0.0103 F=7.4926* 

Productivity (Kg m-3) 1.95 ± 0.11 b 2.19 ± 0.12 ab 2.30 ± 0.17 a 2.42 ± 0.10 a P=0.0096 F=7.6790** 

Survival (%) 93.6 ± 2.52 a 95.6 ± 2.52 a 95.3 ± 3.21 a 93.6 ± 5.77 a P=0.8646 F=0.2426ns 

SGR (% dia-1) 15.56 ± 0.10 b 15.88 ± 0.08 ab 15.92 ± 0.23 a 16.08 ± 0.08 a P=0.0103 F=7.5064* 

FCR 0.84 ± 0.66 a 0.77 ± 0.03 a 0.82 ± 0.01 a 0.80 ± 0.04 a P=0.7847 F=0.3585ns 

Salinity stress test 100 ± 0a 90 ± 0a 100 ± 0a 95.5 ± 5.77a P= 0.3289 F= 1.0526ns 

Results from Tukey’s test. Values in the same row with different superscripts differ significantly BFT (biofloc 

system without addition of Navicula sp.); BFT 2.5N (addition of 2.5 x 104 cells/ml of Navicula sp.); BFT 5N 

(addition of 5 x 104 cells/ml of Navicula sp.) and BFT 10N (addition of 10 x 104 cells/ml of Navicula sp.). 

Abbreviations: SGR, specific growth rate; FCR, feed conversion ratio; ns, not significant. 

*α ≤ 0.05. 

* α ≤ 0.01. 
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Table 4. Presumptive diagnosis of nursery culture juvenile Litopenaeus vannamei in a biofoc 

system with and without the addition of diatoms 

 

 

 

 

Figure 1. Total hematocyte count (THC) (p=0.0194) of juvenile Litopenaeus vannamei under 

osmotic stress after nursery culture in a biofloco system with an without the addition of 

diatoms. Significant differences according to the t test 

 

 

 

 

 

 

 

Treatments N 

 

Gut repletion degree 

 

Hepatopancreas Epicomensals on gill 

lamellae 
Tubules 

0 1 2 3 0 1 2 3 0 1 2 3 

BFT 

1

4 
- 1 5 8 10 4 - - 10 4 - - 

BFT-2.5N 

1

1 
- - 1 10 9 1 1 - 9 1 1 - 

BFT-5.0N 7 - 1 1 5 4 2 - - 6 - 1 - 

BFT-10.0N 8 - - 2 6 5 3 - - 7 1 - - 
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3- Efeito da frequência de adição da microalga Navicula sp. sobre o desempenho 

zootécnico de pós-larvas do Litopenaeus vannamei em sistema de bioflocos 
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Resumo 

 

O objetivo do estudo foi avaliar o efeito da frequência de inoculação da diatomácea 

Navicula sp. no crescimento de pós-larvas de Litopenaeus vannamei em um sistema de 

bioflocos. Foram utilizados quatro tratamentos: BFT (sem adição da Navicula sp.); BFT 5D 

(com adição de Navicula sp. a cada 5 dias); BFT 10D (com adição de Navicula sp. a cada 10 

dias) e BFT 15D (com adição Navicula sp. a cada 15 dias), todos em triplicata. O cultivo teve 

uma duração de 35 dias e foram avaliados o desempenho zootécnico e qualidade de água. Os 

camarões (5 ± 0,03 mg) foram estocados a uma densidade de 3.000 pós-larvas.m³ e foram 

alimentados com ração comercial. A microalga foi inoculada nas unidades experimentais a 

uma densidade ceular de 10 x 104 cél.mL. Todos os dados foram submetidos a ANOVA 

(α≥0,05) e Tukey (α≥0,05)  onde não foram observadas diferenças significativas para os dados 

de qualidade da água, FCA e sobrevivência, já para o peso final, produtividade e TCE foram 

encontradas diferenças significativas, onde os tratamentos BFT mais adição de Navicula sp. 

foram superiores ao tratamento controle (BFT sem adição de Navicula sp.), destacando o 

tratamento BFT 10D que apresentou maiores valores para peso final (0,50 ± 0,06 g), 

produtividade (1,41 ± 0,03 kg.m3) e TCE (13,17 ± 0,03 %.dia) em relação aos demais 

tratamentos. Por fim, sugere-se também que o tratamento BFT 10D com inoculação das 

microalgas a cada 10 dias tenha o melhor desempenho, o que indica os benefícios de Navicula 

sp. no aumento do crescimento de L. vannamei pós-larvas cultivadas em sistemas bioflocos. 
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Abstract  

 

The objective of the study was to evaluate the effect of the frequency of inoculation of the 

diatom Navicula sp. on the growth of Litopenaeus vannamei post-larvae in a biofloc system. 

Four treatments were used: BFT (without the addition of Navicula sp.); BFT 5D (with the 

addition of Navicula sp. every 5 days); BFT 10D (with addition of Navicula sp. every 10 days) 

and BFT 15D (with addition of Navicula sp. every 15 days), all in triplicate. The culture lasted 

35 days and zootechnical performance and water quality were evaluated. The shrimp (5 ± 0.01 

mg) were stored at a density of 3,000 post-larvae.m³ and they were fed with commercial feed. 

The microalgae was inoculated in the experimental units at a cell density of 10 x 104 cells.mL. 

All data were submitted to ANOVA (α≥0.05) and Tukey (α≥0.05) where no significant 

differences were observed for the data of water quality, FCR and survival, as for the final 

weight, productivity and SGR, significant differences were found, where the treatments BFT 

higher addition of Navicula sp. were superior to the control treatment (BFT without the 

addition of Navicula sp.), highlighting the BFT 10D treatment that presented higher values 

for final weight (0.50 ± 0.06 g), productivity (1.41 ± 0.03 kg.m3 ) and SGR (13.17 ± 0.03 

%.day) as compared than to the other treatments. Finally, it is also suggested that the BFT 

10D treatment with inoculation of microalgae every 10 days has the best performance, which 

indicates the benefits of Navicula sp. in the growth of post-larvae L. vannamei grown in 

biofloc systems. 
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Introdução 

A aquicultura é uma atividade que vêm apresentando elevado crescimento ao longo 

dos anos, alcançando em 2018 uma produção mundial de aproximadamente 82,1 milhões de 

toneladas, desse total, aproximadamente 31 mil toneladas foram produzidas pela aquicultura 

marinha sendo 18,64% advindos da produção de crustáceos (FAO, 2020). Sendo o camarão 

branco do pacífico (Litopenaeus vannamei) a espécie mais produzida. 

Apesar do crescimento nos últimos anos o cultivo de crustáceo tem vários desafios 

relacionados a diferentes patógenos principalmente, Mionecrose infecciosa e a mancha branca 

(MADRID, 2005; ROCHA, 2007, 2008). Desta forma, novas tecnologias são necessárias para 

convivência com os patogenos.   

O BFT (Biofloc Technology) aumenta a biossegurança nos cultivos decorrente do 

maior controle ambiental, visto que, reduz ou elimina as trocas de água, além de proporcionar 

maiores produtividades e diminuir a necessidade de grandes áreas para a produção,  pelas 

maiores densidades de estocagem praticadas (AVNIMELECH, 2015; SAMOCHA et al., 

2017). O biofloco é composto por bactérias, protozoários, microalgas, nematóides, 

zooplâncton, além de restos de alimentos e fezes dos animais cultivados (HARGREAVES, 

2013; SAMOCHA et al., 2017). Segundo Cardona et al. (2015), os bioflocos formados no 

sistema podem servir como suplemento alimentar, contribuindo com aproximadamente 37 a 

40% da oferta de alimento (fonte alimentar), além de estimular as atividades de enzimas 

digestivas, podendo melhorar o crescimento dos animais cultivados. 

Estudos relatam que em sistemas de bioflocos mistos, onde bactérias e diatomáceas 

são predominantes, o crescimento do camarão é superior quando comparado a sistemas onde 

existem apenas a dominância de bactérias heterotróficas (CESAR et al., 2012; MARINHO et 

al., 2014; BRITO et al., 2016; MARINHO et al., 2016; XU et al., 2016; ABREU et al., 2019). 

Nutricionalmente, as microalgas apresentam um teor lipídico que pode variar de 20 a 70% em 

peso seco, enquanto que os ácidos graxos poliinsaturados de cadeia longa (DHA e EPA) 

podem variar de 80 a 45% para as cepas que apresentam alto rendimento (DRAAISMA et al., 

2013; CUELLAR-BERMUDEZ  et al., 2015; ADARME-VEJA et al., 2012).  
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Dentre os grupos de microalgas, as diatomáceas se destacam por possuirem uma alta 

produção de lipídeos quando comparado a outros grupos (ALEXANDER et al., 2015). A 

microalga Navicula sp. é uma diatomácea bentônica bastante utilizada na aquicultura, ficando 

entre as microalgas mais utilizadas como alimento vivo (LOURENÇO, 2006). Khatoon et al. 

(2009) notaram que, quando cultivadas em meio Conway, a Navicula apresentou altas taxas 

de proteína bruta, lipídeos e carboidratos. Essa microalga quando adicionada em BFT melhora 

a composição de ácidos graxos poliinsaturados no floco microbiano (ABREU et al., 2019). 

Além disso, existem estudos que relatam a presença de imunoestimulantes naturais 

específicos e compostos antimicrobianos em algumas microalgas que podem aumentar a 

resistência dos animais à patógenos aquáticos (CHAROONNART et al., 2018). 

Diante do exposto objetivou-se com o presente estudo avaliar qual a melhor frequência 

de adição da diatomácea Navicula sp. no cultivo do Litopenaeus vannamei. 

 

Material e Métodos 

Um experimento foi conduzido durante 35 dias no Laboratório de Maricultura 

Sustentável (LAMARSU) do Departamento de Pesca e Aquicultura (DEPAq) da Universidade 

Federal Rural de Pernambuco (UFRPE), Recife, Brasil. O delineamento experimental foi 

inteiramente casualizado com quatro tratamentos: Bioflocos sem adição de Navicula sp. 

(BFT) e bioflocos com adição de Navicula sp. nas frequências de inoculação a cada 5, 10 e 15 

dias (BFT 5D, BFT 10D e BFT 15D, respectivamente), todos em triplicata. A microalga 

Navicula sp. foi adicionada na concentração de 10x104 células.mL-1 nos tratamentos BFT 5D, 

BFT 10D e BFT 15D de acordo com a metodologia proposta por Abreu et al. (2019). 

A maturação do biofloco utilizado como inóculo inicial foi realizada 40 dias antes do 

início do experimento. O tanque matriz (capacidade de 1,4 m³) foi abastecido com água do 

mar a uma salinidade de 35 g.L-1 previamente clorada (65% de cloro ativo) na proporção de 

13 mg.L-1 de cloro ativo. Após três dias sob aeração constante, foram iniciadas as fertilizações 

inorgânicas com uréia, superfosfato triplo e metassilicato de sódio, nas concentrações de 2 

g.m3 N, 0,1 g.m3 P e 3 g.m3 Si, respectivamente, e posteriormente as orgânicas, com melaço 
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de cana e ração pulverizada com 40% de proteína bruta, para formação da biomassa 

bacteriana. 

Cinco dias antes do início do experimento, as unidades experimentais foram 

abastecidas com um inóculo de 25 L da água maturada no tanque matriz (NAT 0,24 mg.L-1, 

N ‐NO2 0,83 mg.L-1, N‐NO3 49,7 mg.L-1, alcalinidade 165 mg.L-1 CaCO3, pH 8,14, salinidade 

32 g.L-1, ortofosfato 9,2 mg.L-1 e sólidos sedimentáveis 4,63 ml.L-1) e 25 L  de água marinha 

(salinidade de 35 g.L-1) previamente tratada. Foram utilizados 12 tanques de polietileno preto 

(50 L, 50 × 35 × 23 cm) como unidades de cultivo, cada um deles foram aeradas 

constantemente por três airstones. 

Durante o período experimental não foi realizada nenhuma troca de água, exceto a 

adição de água doce desclorada para compensar as perdas por evaporação. A intensidade da 

luz foi mantida em 27 µmol m− 2 s− 1. O melaço (30% de carbono orgânico), foi adicionado 

uma vez ao dia como fonte de carboidrato para manter a razão CHO:N em 12:1, e foi calculado 

com base em Ebeling, Timmons e Bisogni (2006). Hidróxido de cálcio (Ca(OH)2) com alto 

poder neutralizante (132%), reatividade de 62% e poder real de neutralização total de 81% foi 

adicionado a 10% (em peso) do lote de alimentação diária ao longo do estudo. 

A diatomácea bentônica Navicula sp. foi obtida no Laboratório de Produção de 

Alimento Vivo (LAPAVI) - DEPAq - UFRPE, a mesma foi cultivada em meio Conway 

(WALNE, 1966) com FeCl3 · 6H2O 1,30; MnCl2 · 4H2O 0,36; H3BO3 33,6; EDTA 45,0; 

NaH2PO4 · 2H2O 20,0; NaNO3 100,0; ZnCl2 1.1; CoCl2 · 6H2O 1.0; (NH4) 6MO7O24 · 4H2O 

0,45; CuSO4 · 5H2O 1,0; Na2SiO3 · 5H2O 2,0; B12 0,1; B1 1.0 que foi usado em uma solução 

de 1,0 ml.L-1, mantida em água com 30 g.L-1 de salinidade, pH 8,0, temperatura 25 ± 1 ° C e 

intensidade de luz mantida a 37 µmol m− 2 s− 1 usando uma lâmpada fluorescente com 

fotoperíodo claro/escuro de 12 horas. As diatomáceas foram adicionadas de acordo com a 

frequência sugerida para cada tratamento, a densidade de algas foi baseada no estudo de Abreu 

et al. (2019). 

Os parâmetros de qualidade de água, temperatura (°C), salinidade (g.L-1), oxigênio 

dissolvido (mg.L-1) e pH, foram mensurados duas vezes ao dia com auxílio de multiparâmetro 
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(YSI model 556, Yellow Springs, Ohio, EUA). Os sólidos sedimentáveis foram analisados 

com o auxílio de cone Imhoff (AVNIMELECH, 2009), na frequência de duas vezes por 

semana. Para a manutenção dos valores de sólidos sedimentáveis (<14 mL.L-1), foi utilizado 

sedimentador, quando necessário. As análises de nitrogênio amoniacal (NAT) (APHA, 2012), 

nitrito (N-NO2) (FRIES, 1971) e alcalinidade (APHA, 2012), foram mensurados uma vez por 

semana, já o N-nitrato (N-NO3) (APHA, 2012) e o ortofosfato (APHA, 2012) foram 

mensurados a cada quinze dias.  

As pós-larvas de L. vannamei (5 ± 0,01 mg) foram obtidas em um laboratório 

comercial (Aquatec LTDA, RN, Brasil) e estocadas na densidade de 3.000 pós-larvas.m3 (150 

camarões por unidades experimentais) e cultivadas por 35 dias. As pós-larvas foram 

alimentadas quatro vezes ao dia (às 8, 11, 14 e 16 horas), com ração comercial para camarões 

(0,4-1 mm de diâmetro) com 45% de proteína bruta e 8% de lipídios (Nutrição e Saúde Animal 

In vivo). A taxa de alimentação diária de 45% do peso corporal usada no início da cultura foi 

gradualmente reduzida para 15% do peso corporal após 35 dias com base na tabela de Van 

Wyk (1999) e ajustada diariamente de acordo com o consumo estimado de camarão e a taxa 

de mortalidade. O peso do camarão foi monitorado semanalmente após 15 dias de cultivo para 

determinar o crescimento dos camarões e ajustar a quantidade de ração oferecida. No final do 

experimento, o ganho de biomassa, peso final médio, taxa de crescimento específico (TCE), 

fator de conversão alimentar (FCR), sobrevivência e produtividade foram determinados com 

base nas seguintes equações: 

• Ganho de biomassa (g) = biomassa final (g) – biomassa inicial (g);  

• Peso final (g) = biomassa final (g)/número de indivíduos ao final do cultivo 

• TCE (%/dia) = 100 × [ln peso final (g) – ln peso    inicial (g)]/ tempo 

(dias); 

• FCR = alimentação ofertada/ganho de biomassa;  

• Sobrevivência (%) = (número de indivíduos ao final do cultivo/ número inicial 

de indivíduos) × 100;  

• Produtividade (kg/m3) = biomassa final (kg)/volume da unidade experimental 
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(m3). 

Uma ANOVA paramétrica unilateral foi usada para analisar os parâmetros de 

desempenho zootécnico, após confirmar a homocedasticidade (Cochran p <0,05) e 

normalidade (Shapiro-Wilk p <0,05) e, quando observada diferenças significativas, foi 

realizado o teste de Tukey (p <0,05) para comparar e classificar as médias dos três tratamentos 

e do controle. Os parâmetros de qualidade da água foram analisados através da realização de 

ANOVA de medidas repetidas. Para dados estatísticos não paramétricos (temperatura, pH, 

NAT, N-nitrito, N-nitrato e Ortofosfato), os testes de Kruskall-Wallis (α <0,05) e Dunn (α 

<0,05) foram usados para comparar e classificar as medianas dos três tratamentos e o controle. 

 

Resultados  

Os dados de qualidade de água: oxigênio dissolvido, pH, temperatura, salinidade, 

alcalinidade e ortofosfato não diferiram significativamente entre os tratamentos (α≥0,05),  

apresentando uma variação média de 4,07 a 4,54 mg L-1, 7,81 a 8,18, 26,80 a 31,05 ºC, 29,57 

a 36,12 g L-1, 125 a 200 mg CaCO3 L
-1 e 0,22 a 4,10 mg L-1, respectivamente. Os compostos 

nitrogenados: nitrogênio da amônia total, N- nitrito e o N-nitrato também não diferiram 

significativamente entre os tratamentos (α≥0,05), apresentando média de 0,55 ± 0,03 mg.L-1, 

0,97 ± 0,06 mg.L-1 e 125,08 ± 76,51 mg.L-1, respectivamente.  

Os sólidos sedimentáveis diferiram significativamente entre os tratamentos, 

apresentando uma variação média de e 0,1 a 12,50 mg L-1, respectivamente. Onde o tratamento 

BFT 10D apresentou maior volume de sólidos sedimentáveis quando comparado aos demais 

tratamentos. Todos os dados acima encontram-se sumarizados na Tabela 1. 

Quanto ao desempenho zootécnico dos animais cultivados, observou-se que os dados 

de sobrevivência e fator de conversão alimentar (FCA) não apresentaram diferenças 

significativas entre os tratamentos (α≥0,05), enquanto que os dados de peso final, 

produtividade e taxa de crescimento específico apresentaram diferenças significativas entre 

os tratamentos (α≥0,05) (Figura 1). Os dados de produtividade nos tratamentos BFT 5D (1,22 

± 0,1 Kg.m-3) e BFT 10D (1,41 ± 0,03 Kg.m-3) foram significativamente superiores quando 
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comparados ao tratamento controle (sem adição de alga) (1,00 ± 0,2 Kg.m-3) (Figura 1). O 

FCA foi semelhante entre os tratamentos, enquanto que o peso médio final foi superior para 

o tratamento BFT 10D (0,51 ± 0,06 g) em compração ao tratamento BFT (sem adição de alga) 

(0,36 ± 0,05 g) (Figura 2). A taxa de crescimento específico foi superior nos tratamentos BFT 

5D (12,82 ± 0,18 % dia-1 ) e BFT 10D (13,17 ± 0,03 % dia-1) em comparação ao tratamento 

BFT (12,14 ± 0,46 % dia-1) (Figura 3). 

 

Discussão 

 A salinidade, temperatura, oxigênio dissolvido e pH da água permaneceram dentro da 

faixa ideal para Litopenaeus vannamei durante todo o cultivo (VAN WYK e SCARPA, 1999; 

PONCE-PALAFOX et al, 2013). No sistema de bioflocos, um dos principais problemas de 

qualidade de água é o acúmulo de substâncias tóxicas inorgânicas, como amônia e nitrito 

(TIMMONS e EBELING, 2010; BARBIERE et al., 2014). O acúmulo da amônia pode 

ocasionar a deteriorização da qualidade de água, diminuindo o crescimento dos animais, 

aumentando o consumo do oxigênio e, se alcançar valores muito elevados, pode ocasionar a 

morte dos animais cultivados (CHEN e LIN, 1992). Enquanto que o nitrito, é o produto 

intermediário no processo de nitrificação ou desnitrificação do nitrato no ciclo de nitrogênio 

e, seu acúmulo, pode acarretar prejuízo ao desempenho dos animais cultivados (JENSEN, 

2003; KROUPOVA et al., 2005).  

Durante o experimento os valores de NAT e N-NO2  permaneceram dentro da faixa 

ideal para o cultivo da espécie, 0,90 e 25,7 mg.L-1, respectivamente (LIN e CHEN, 2001; 

2003; BUFORD et al., 2003; MELO et al., 2016). A manutenção dos níveis de NAT e N-NO2 

em valores recomendados em sistema com altas relações de carbono:nitrogênio indica que a 

comunidade microbiana (heterotróficas e autotróficas) estiveram presentes contribuindo no 

controle dos níveis desses compostos na água (AVNIMELECH, 1999; BROWDY et al., 2001; 

DE SCHRYVER et al., 2008). Além disso, a adição de Navicula sp. em diferentes frequências 

não ocasionaram modificações significativas nessa comunidade em relação ao controle dos 

nitrogenados, resultados semelhantes aos observados por Marinho et al., (2016); Brito et al., 
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(2016) e Abreu et al. (2019). Segundo Avnimelech (2012), as bactérias presentes no floco 

possuem uma maior capacidade de absorver nitrogenados, com o aumento de carbono no 

sistema, quando comparado as algas. 

O nitrato é o produto final do processo de oxidação da amônia, porém, diferente da 

amônia e do nitrito, aparentemente sua toxicidade não acarreta grandes problemas aos 

organismos aquáticos. Por ser menos tóxico, poucos são os estudos relacionados aos efeitos 

agudos e crônicos que esse composto pode trazer para o desempenho zootécnico do L. 

vannamei. Porém, como no sistema BFT não ocorre renovação de água, o processo de 

nitrificação pode causar o acúmulo de nitrato no sistema, principalmente se a água for 

reutilizada por vários ciclos (KUHN et al. 2010; SAMOCHA et al. 2010). No presente estudo 

foram observados alguns valores acima de 200 mg L-1 na terceira semana de cultivo. Esses 

altos níveis de nitrato no sistema em comparação ao NAT e N-NO2 indicam um bom processo 

de nitrificação no ambiente de cultivo (EBELING et al., 2006), além disso, Furtado et al., 

(2014) descreve que apenas valores acima de ( > 300 mg/L em salinidade 23 g.L-1) são 

considerados prejudiciais ao cultivo do camarões em sistema de bioflocos. Segundo Ji et al. 

(2014), o nitrato é a fonte de nitrogênio mais utilizada na fisiologia das microalgas, entretanto, 

no presente estudo, não foram observadas diferenças signficativas com a adição das 

microalgas em diferentes frequências. Tal fato pode estar atrelado ao aumento dos níveis de 

sólidos ao longo do ciclo de cultivo, que culminaram com uma baixa luminosidade, 

inviabilizando o processo de fotossíntese realizado pelas microalgas e, com isso, a não 

utilização dos compostos nitrogenados presentes no sistema.  

Quanto ao ortofosfato, os valores encontrados durante o cultivo ficaram próximos a 

4,10 mg L-1. Em BFT, ocorre um aumento substancial desse nutriente ao longo dos ciclos de 

cultivo, ocasionando altas concentrações no sistema (HAKANSON et al., 1998), diferente dos 

sistemas semi-intensivos, que o fósforo é controlado através da troca de água, e 

principalmente, pela adsorção e acumulação deste nutriente no sedimento (CASILAS-

HERNANDES et al., 2006). No presente estudo, não foram observados valores elevados de 

ortofosfato e também não houve diferenças significativas entre os tratamentos.  
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Para contribuir com os processos de transformação do NAT em biomassa microbiana 

e auxiliar na oxidação da amônia em nitrito e nitrato, a alcalinidade foi mantida acima de 100 

mg de CaCO3 L-1, sendo realizadas reposições de carbono inorgânico, quando necessárias. É 

importante manter os valores adequados para os sistemas BFT, visto que, o carbono 

inorgânico é consumido pelas bactérias heterotróficas e nitrificantes, que formam o floco, para 

os processos microbianos (EBELING et al., 2006). Além disso, quando a alcalinidade é 

mantida, dentro dos valores recomendados a mesma atua no sistema como uma solução 

tampão evitando assim a oscilação do pH (VAN WYK & SCARPA, 1999), assim sendo, não 

foram observadas reduções nos níveis de pH durante o período experimental mesmo com 

maiores frequências de adição da microalga.  

Os sólidos sedimentáveis (SS) também são uma variável importante e podem afetar o 

desenvolvimento dos animais cultivados. Os níveis de SS devem ser mantidos entre 5 e 15 

mL.L-1, para que os microrganismos presentes no floco atuem de forma positiva na 

manutenção da qualidade de água do sistema e não ocorra uma alta demanda biológica do 

oxigênio (EMERENCIANO et al., 2017). Além disso, com a adição da fonte de carbono 

orgânico, é normal que ocorra um acúmulo dos sólidos ao longo do cultivo, visto que o mesmo 

constitui-se por altas quantidades de bactérias heterotróficas e autotróficas (LUO et al., 2013). 

No presente estudo, foi observada diferença significativa entre os tratamentos, onde o 

tratamento sem inoculação da microalga apresentou um nível mais elevado de SS, porém 

todos os valores ficaram dentro da faixa recomendada pelo autor supracitado, para L. 

vannamei.  

Nos dados de desempenho zootécnico, a sobrevivência e o fator de conversão 

alimentar não diferiram entre os tratamentos, corroborando com os resultados encontrados por 

Abreu et al. (2019). Já nos estudos realizados por Marinho et al. (2016) e Brito et al. (2016), 

estes não observaram diferenças significativas para a sobrevivência, mas encontraram 

diferenças significativas no FCA, onde os tratamentos com microalgas mostraram-se superior. 

Os resultados diferentes podem ter sido devido ao tipo de ração ofertada, uma vez que, no 

presente estudo foi usada uma ração foi microextrusada, enquanto que nos estudos citados 
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esta, foi triturada, o que pode ter influenciado no FCA. 

A produtividade, peso médio final e taxa de crescimento específico diferiram 

significativamente entre os tratamentos, onde os maiores valores foram obtidos nos 

tratamentos com a inoculação da Navicula sp. Resultados semelhantes foram encontrados por 

Brito et al. (2016), Marinho et al., (2016) e Abreu et al., (2019).  

Os bons resultados de desempenho zootécnico observados nos tratamentos com 

inoculação da alga podem ser relacionados a maior facilidade que os camarões apresentam 

em digerir as diatomáceas, visto que, elas apresentam baixo teor de fibras (Moss, 2000). Além 

disso, a adição da microalga ao sistema de cultivo é uma forma de melhorar nutricionalmente 

o floco, visto que, a Navicula sp. apresenta altas concentrações em peso seco de proteína (494 

g Kg-1) e lipídeos (259 g Kg-1), além de PUFA (110 g Kg-1) e DHA ( 22 g Kg-1) (Khatoon et 

al., 2009), além de um alevado teor de aminoácidos (JU et al., 2008). 

Segundo Abreu et al. (2019) a adição de Navicula sp. no sistema de BFT, proporciona 

maiores concentrações na composição proximal do biofloco de proteína e lípideos, além de 

também apresentarem valores elevados de ácidos graxos (DHA e EPA). Todos esses fatores, 

quando combinados, proporcionam um melhor desempenho do camarão. 

Os resultados encontrados indicam que quando inoculada a cada 10 dias, totalizando 

a adição de 4 inóculos (início, 10, 20 e 30 dias de cultivo), o desempenho zootécnico do 

camarão é mais satisfatório quando comparado com os demais tratamentos. Corrobando com 

os dados observados por Xu et al. (2016), que relatam que  presença de bactérias autotróficas  

associada a microalgas no sistema melhoram o crescimento dos camarões em sistema de 

bioflocos. 
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Conclusão 

 

 Conclui-se com o presente estudo que a Navicula sp. quando inoculada na frequência 

de 10 dias culminou com um melhor desempenho zootécnico quando comparado aos demais 

tratamentos. A adição da microalga não influenciou na qualidade de água do sistema de 

cultivo. 
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Tabela 1. Parâmetros de qualidade de água durante (35 dias) o cultivo de pós larvas de 

Litopenaeus vannamei em sistema de bioflocos com diferentes frequência s de inoculação 

da Navicula sp.  

Parâmetros 
Tratamentos 

BFT BFT 5D BFT 10D BFT 15D 

Salinidade (g L-1) 32,66 ± 0,94 33,97 ± 1,07 32,75 ± 0,78 32,74 ± 1,16 

Temperatura (ºC) 28,70 ± 0,86 28,79 ± 1,01 28,80 ± 1,14 28,61 ± 1,09 

Oxigênio dissolvido (mg L-1) 4,36 ± 0,10 4,33 ± 0,11 4,73 ± 1,38 4,42 ± 0,11 

pH 7,98 ± 0,11 7,98 ± 0,10 7,98 ± 0,11 7,98 ±0,09 

Nitrogênio Total da Amônia 

NAT (mg L-1) 
0,47 ± 0,05 0,68 ± 0,79 0,53 ± 0,46 0,50 ± 0,41 

N- Nitrito (mg L-1) 1,03 ± 0,40 0,87 ± 0,62 1,05 ± 0,07 0,94 ± 0,59 

Nitrato (mg L-1) 106,08 ± 57,36 95,04 ± 70,75 106,59 ± 95,69 98,31 ± 86,01 

Alcalinidade (mg CaCO3 L
-1) 159,0 ± 17,95 157,33 ± 16,99 160,0 ± 10,52 160,33 ± 8,06 

Ortofosfato (mg L-1) 2,98 ± 0,37 2,92 ± 0,38 2,74 ± 0,23 2,82 ± 0,16 

Sólidos sedimentáveis (mL L-1) 7,12 ± 6,8b 2,64 ± 2,39ab 1,76 ± 1,46a 1,80 ± 1,5a 

Resultados do teste de Tukey (p) e Kruskal-Wallis (h).Os valores médios na mesma linha com letras 

diferentes sobrescritas diferem significativamente (α≤0,05); os dados correspondem à média ± desvio 

padrão; BFT (sistema de bioflocos sem adição de diatomácea); BFT 5D (sistema  de bioflocos com adição 

da diatomácea a cada 5 dias); BFT 10D (sistema  de bioflocos com adição da diatomácea a cada 10 dias) e 

BFT 15D (sistema  de bioflocos com adição da diatomácea a cada 15 dias). 
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Figura 1. Sobrevivência e produtividade do Litopenaeus vannamei cultivado durante 35 dias 

em sistema de bioflocos com diferentes frequências de inoculação da microalga Navicula sp. 

  

 

 

Figura 2. Fator de conversão alimentar e peso médio final do Litopenaeus vannamei cultivado 

durante 35 dias em sistema de bioflocos com diferentes frequências de inoculação da 

microalga Navicula sp. 
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Figura 3. Taxa de crescimento específico do Litopenaeus vannamei cultivado durante 35 dias 

em sistema de bioflocos com diferentes frequências de inoculação da microalga Navicula sp 
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4. Considerações finais 

 

Com os resultados obtidos durante as pesquisas realizadas para o desenvolvimento da 

tese, é possível concluir que a diatomácea Navicula sp. melhora significativamente o 

desempenho do L. vannamei em sistema de bioflocos na concentração 5 x104 e 10 x 104 

células.mL e na frequência de inoculação a cada 10 dias, visto que a microalga melhora a 

qualidade nutricional do flocos aumentando a quantidade de ácidos graxos e, 

consequetemente, o desempenho zootécnico dos camarões. 
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ANEXO 1. Artigo científico publicado na revista Aquaculture Research 
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1  | INTRODUC TION

Shrimp farming in Brazil is almost entirely based on the cultivation 
of Litopenaeus vannamei and in 2017 reached production of approx‐
imately 41 thousand tonnes (IBGE [Instituto Brasileiro de Geografia 
e Estatística], 2018). Much of this production is in semi‐intensive 
farming systems, with regular water exchanges and less biosecurity. 
However, in recent years, problems of outbreaks of viruses such as 
infectious myonecrosis virus (IMNV) and white spot syndrome virus 
(WSSV) have resulted in reduced productivity. Therefore, it is nec‐
essary to use systems with minimum water changes and emission of 
effluents (Krummenauer & Seifert, 2012), such as the biofloc system 
(Crab, Defoirdt, Bossier, & Verstraete, 2012; Pérez‐Fuentes, Pérez‐
Rostro, & Hernández‐Vergara, 2013).

The key to biofloc systems is their manipulation of the car‐
bon–nitrogen relationship in the ponds or raceways, stimulating 
the growth of the microbial community formed by bacteria, phyto‐
plankton, zooplankton, uneaten feed and faeces remains, exoskel‐
etons and other invertebrates (Avnimelech, 2009; De Schryver, 
Crab, Defoirdt, Boon, & Verstraete, 2008; Samocha et al., 2017), 
providing an increase in final weight, a higher growth rate and a re‐
duction in feed conversion ratio (FCR) (Avnimelech, 2009; Pérez‐
Fuentes et al., 2013; Zhao et al., 2012). However, some studies 
indicate a deficiency in essential amino acids on bioflocs, such 
as methionine and lysine (Gamboa‐Delgado et al., 2017; Valle et 
al., 2015), and polyunsaturated fatty acids, such as eicosapentae‐
noic acid (EPA) and docosahexaenoic acid (DHA) (Ekasari, Crab, & 
Verstraete, 2010).
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The objective of this study was to evaluate the effect of the addition of Navicula sp. 
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The presence of microalgae may be beneficial because of its con‐
tribution as a food source for the farmed shrimp. Ray, Shuler, Leffler, 
and Browdy (2009) reported that the biomass in an autotrophic–
heterotrophic shrimp system was 17% higher and the FCR was 18% 
lower than those in a completely heterotrophic system.

The planktonic community could play an important role in shrimp 
nutrition in biofloc systems because of its good nutritional quality, 
considering plankton protein, lipid and carbohydrate levels ranging, 
respectively, from 12% to 35%, 7% to 23% and 4% to 23% of their 
dry weight, making them a significant food source in the early stages 
of cultivation (Brito et al., 2016; Hemaiswarya, Raja, Ravikumar, 
Ganesa, & Anbazhagan, 2011; Marinho, Brito, Silva, Santos, & Gàlvez, 
2014; Marinho et al., 2016; Muller‐Feuga, Robert, Cahu, Robin, & 
Divanach, 2003; Richmond, 2004). In terms of microalgal communi‐
ties, diatoms are distinguished by their high nutritional content and 
can contribute with essential amino acids and highly unsaturated 
fatty acids (HUFAs) (Ju et al., 2008; Ju, Forster, & Dominy, 2009).

Navicula sp. is a benthic diatom that presents approximate dry 
weight levels of 430–490 g/kg of protein, 230–260 g/kg of lipids, 
which are 30–150 g of EPA g/kg and 20–30 g of DHA g/kg (Khatoon, 
Banerjee, Yusoff, & Shariff, 2009). Other studies have shown that 
the lipid content ranges from 4.3% to 31.7% and protein from 12.7% 
to 13.31% (Courtois, Viera, Huchetteb, & Izquierdo, 2012; Pacheco‐
Vega, Cadena‐Roa, Ascencio, Rangel‐Dávalos, & Rojas‐contreras, 
2015). In this context, some studies using Navicula sp. (5 × 104 cells/
ml addition every 5 days) in biofloc systems in the nursery phase 
presented good results regarding the nutritional contribution of this 
diatom to the growth of L. vannamei postlarvae (Brito et al., 2016; 
Marinho et al., 2014, 2016).

According to Underwood, Boulcott, Raines, and Waldron (2004) 
bethic diatoms produce fucose, xylose, mannose, galactose, glucose 
and glucans as intracellular storage compounds. These extracellular 
polymeric substances are important as adhesive components for the 
attachment of symbiotic bacteria (Watanabe et al., 2005). Another 
beneficial effect of microalgal–bacterial interactions is the excretion 
into the environment of carbon sources or other products by mi‐
croalgae that have a stimulatory effect on bacteria, including bacte‐
rial DNA synthesis (Murray, Cooksey, & Priscu, 1986), and increased 
bacterial biofilm formation (Espeland, Francoeur, & Wetzel, 2001). 
This beneficial effect depends on microalgae and bacterial density 
and species (Natrah, Bossier, Sorgeloos, Yusoff, & Defoirdt, 2014).

Therefore, the objective of this study was to evaluate the effect 
of the addition of different densities of the diatom Navicula sp. on 
the shrimp performance and fatty acids profile of L. vannamei in the 
nursery phase reared in a biofloc system.

2  | MATERIAL S AND METHODS

2.1 | Experimental conditions

An indoor trial was conducted for 42 days at the Sustainable 
Mariculture Laboratory (LAMARSU) of the Fisheries and Aquaculture 
Department (DEPAq) of the Rural Federal University at Pernambuco 

(UFRPE), Recife, Brazil. The experimental design was completely 
randomized with four treatments: BFT (biofloc system without ad‐
dition of Navicula sp); BFT with the addition of 2.5 × 104 cells/ml 
Navicula sp. (BFT 2.5N); BFT with the addition of 5 × 104 cells/ml 
Navicula sp. (BFT 5N); and BFT with the addition of 10 × 104 cells/ml 
Navicula sp. (BFT 10N), all in triplicate.

Five days prior to stocking, water from a matrix tank (TAN 
0.05 mg/L, N‐NO2 0.25 mg/L, N‐NO3 0.5 mg/L, alkalinity 
150 mg CaCO3/L, pH 8.8, salinity 30 g/L, P‐orthophosphate 
0.9 mg/L, TSS 100 mg/L and settleable solids 4.16 ml/L) was 
mixed and distributed equally to fill 12 black plastic tanks (50 L, 
50 × 35 × 23 cm). The experimental units were constantly aerated 
by three airstones per tank. No water exchange was carried out 
during the experimental period, except for the addition of dechlo‐
rinated freshwater to compensate for evaporation losses. Light in‐
tensity was kept at 27 µmol m−2 s−1 using a fluorescent lamp with a 
natural photoperiod.

Molasses (30% organic carbon) was added once a day as a car‐
bohydrates source to maintain the CHO:N ratio at 12:1, and was 
calculated based on Ebeling, Timmons, and Bisogni (2006). Calcium 
hydroxide (Ca(OH)2) with high neutralizing power (132%), reactivity 
of 62% and relative total neutralization power of 81% was added at 
10% (by weight) of the daily feed lot throughout the study.

2.2 | Shrimp stocking, feeding and monitoring

The postlarvae (1 ± 0.01 mg) of L. vannamei were obtained from a 
commercial laboratory (Aquasul, RN, Brazil) and stocked at a den‐
sity of 3,000 postlarvae/m3 (150 shrimp by experimental units) until 
42 days. The postlarvae were fed four times a day (at 08:00 a.m., 
11:00 a.m., 02:00 p.m. and 04:00 p.m.), with a commercial shrimp 
feed (0.4–1 mm in diameter) with 40% crude protein and 8% lipids 
(In vivo Animal Nutrition and Health). The daily feeding rate of 35% 
of body weight used at the start of the culture was gradually reduced 
to 10% of body weight after 42 days based on the Van Wyk (1999) 
table and adjusted daily according to estimated shrimp consumption 
and mortality rate.

Shrimp weight was monitored weekly after 15 days of culture to 
determine shrimp growth and adjust the amount of feed offered. At 
the end of the experiment, biomass gain, mean final weight, specific 
growth rate (SGR), FCR, survival and productivity were determined 
based on the following equations:

Biomass	gain	(g)	=	final	biomass	(g)	−	initial	biomass	(g);
Final weight (g) =  final biomass (g)/number of individuals at the end 

of evaluation period;
SGR	(%/day)	=		100	×	[ln	final	weight	 (g)	−	 ln	 initial	weight	 (g)]/time	

(days);
FCR = feed supplied/biomass gain;
Survival (%) =  (number of individuals at the end of evaluation period/

initial number of individuals) × 100;
Productivity (kg/m3) =  final biomass (kg)/volume of experimental 

unit (m3).
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2.3 | Navicula addition

The benthic diatom Navicula sp. was obtained from the Live Food 
Production Laboratory (LAPAVI) – DEPAq – UFRPE, and cultured in a 
Conway medium (Walne, 1966) with FeCl3·6H2O 1.30; MnCl2·4H2O 
0.36; H3BO3 33.6; EDTA 45.0; NaH2PO4·2H2O 20.0; NaNO3 100.0; 
ZnCl2 1.1; CoCl2·6H2O 1.0; (NH4)6MO7O24·4H2O 0.45; CuSO4·5H2O 
1.0; Na2SiO3·5H2O 2.0; B12 0.1; B1 1.0 which was used in a 1.0 ml/L 
solution, maintained in water with 30 g/L salinity, pH 8.0, tempera‐
ture 25 ± 1°C, and light intensity kept at 37 µmol m−2 s−1 using a 
fluorescent lamp with a 12‐hr light/dark photoperiod. Diatoms were 
added on the 1st, 10th, 20th and 30th days of experimental time 
in each experimental tank, regardless of the wastes of unconsumed 
diatoms, based on Marinho et al. (2014), Marinho et al. (2016) and 
Brito et al. (2016).

2.4 | Water quality

Dissolved oxygen, temperature, salinity and pH (YSI model 100, 
Yellow Springs, Ohio, USA) were monitored twice a day (at 08:00 a.m. 
and 04:00 p.m.). Settleable solids (SS) (Imhoff cone) (Avnimelech, 
2009) were monitored three times a week. Total ammonia nitro‐
gen (TAN), nitrogen‐nitrite (N‐NO2), nitrogen‐nitrate (N‐NO3), total 
suspended solids (TSS), phosphorus ‐ orthophosphate (P‐PO4

3) and 
alkalinity (mg/L CaCO3) were monitored once a week, following 
the methods described by Koroleff (1976), Golterman, Clymo, and 
Ohnstad (1978), Mackereth, Heron, and Talling (1978), APHA (2005) 
and Felföldy, Szabo, and Tothl (1987) respectively. Alkalinity and 
dissolved nutrients were analysed from effluent samples filtered 
with 0.45 µm pore size HAWP Millipore membranes, while samples 
for analysing suspended solids were filtered through prehydrated 
0.7 µm pore size AP40 Millipore glass fibre filters. For TSS determi‐
nation, membranes were weighed after being dried at 105°C.

2.5 | Proximate composition and fatty acids profile

Biofloc samples were collected for proximal composition at the 
end of the experiment from each tank using a 100‐µm mesh, and 
oven‐dried at 60°C. Shrimp samples were also collected from each 
tank at the end of the experiment, washed with distilled water 
to remove epiphytes and encrusting material, and oven‐dried at 
60°C. The dried samples, in triplicate, were ground and processed 
for biochemical analysis following AOAC (2000) at the Physical 
Analysis and Food Chemistry Laboratory, UFRPE, Recife, Brazil. 
For moisture content, the quantities of samples were oven‐dried 
at 105°C until constant weight (315 SE model, Fanem). The dif‐
ference in weight before and after sample drying was taken and 
expressed in percentage. Protein was determined by measuring 
nitrogen (N × 6.25) using the Kjeldahl method (TE 0363 model, 
Tecnal), and ash by oven incineration at 550°C (Q318 D24 model, 
Quimis).

The crude lipids were extracted for analyses of their fatty acid 
profile by a transesterification procedure of extracted fatty acids or 

quantification of the lipid content as methyl ester derivatives (FAME) 
(Comeau, Hall, & Oldham, 1988; Wychen & Laurens, 2013).

2.6 | Salinity stress test

At the end of the experiment, a salinity stress test was carried out. 
This test consisted of transferring the juvenile shrimps from each 
treatment to three replicated units (10 shrimp per unit) containing 
freshwater, gently aerated by one air stone per recipient for 30 min. 
The shrimp were then transferred to a salinity of 35 g/L. After an 
additional exposure of 30 min, all shrimp not responding to mechan‐
ical stimulus were considered dead. Experimental conditions were 
29.0 ± 0.5°C and pH 7.8 ± 0.1, using twelve 2‐L plastic bottles as 
experimental units (Burbano‐Gallardo et al., 2015).

2.7 | Presumptive diagnosis and total 
haemocyte count

The measurement of presumptive analysis (Morales‐Covarrubias, 
2010) and total haemocyte count (THC) (Guertler et al., 2013) were 
performed for 40 shrimp at the end of the rearing period (day 42). 
To measure presumptive analysis, the following scores were consid‐
ered: degree of intestinal repletion—(0) empty; (1) slightly full; (2) 
moderately full; and (3) full; hepatopancreas–Tubules: (0) shows no 
signs of infection or deformation; (1) low presence of tubular defor‐
mation (1–5/field/organism); (2) moderate presence of tubular de‐
formation (6–10/field/organism), atrophy, melanization and tubular 
necrosis; and (3) high presence of tubular deformation (11–16/field/
organism), with moderate to severe lesions, with melanization, ne‐
crosis and tubular atrophy; epicomensals in the gills lamellae—(0) 
does not present lesions caused by epicomensals; (1) low presence 
of protozoa (1–5/lamella/organism) and lesions caused by epicomen‐
sals; (2) moderate presence of protozoa (6–10/lamella/organism) 
and increased epicomensal lesions (melanization and formation of 
haemocytic nodules); and (3) high presence of protozoa (10–15/la‐
mella/organism), moderate to severe lesions caused by epicomensals 
(multifocal melanized areas and formation of haemocytic nodules).

The haemolymph sample was taken with a 1‐ml syringe contain‐
ing 200 µl of precooled anticoagulant solution (modified Alsever 
solution (MAS) (336 mmol/L NaCl, 115 mmol/L glucose, 27 mmol/L 
sodium citrate, 9 mmol/L EDTA, pH 7.2) in the proportion of 1:2 (v:v). 
For total haemocyte counting, duplicates of 0.8 ml of diluted haemo‐
lymph were counted for the number of haemocytes using a haemo‐
cytometer under a light microscope.

2.8 | Statistical analysis

A parametric one‐way ANOVA was used to analyse production 
parameters and stress salinity analysis, after confirming homoce‐
dasticity (Cochran p < 0.05) and normality (Shapiro–Wilk p < 0.05). 
Tukey's test (p < 0.05) was performed to compare and rank means 
from the three treatments and the control. Water quality parame‐
ters were analysed by performing repeated ANOVA measures. For 
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nonparametric statistics data (temperature, pH, TAN, N‐nitrite, N‐
nitrate and P‐orthophosphate), the Kruskall–Wallis (α < 0.05) and 
Dunn tests (α < 0.05) were used to compare and rank medians from 
the three treatments and the control. For the THC (date log trans‐
formation), the t test was used. Data analyses were performed using 
ASSISTAT Version 7.7 (Assistat Analytical Software).

3  | RESULTS

The water quality parameters of the culture treatments are pre‐
sented in Table 1. Water temperature was maintained at 28°C, dis‐
solved oxygen above 5 mg/L, pH at 8.3, alkalinity between 140.5 
and 158.9 mg CaCO3/L, P‐orthophosphate around 1 mg/L, and 
TSS between 147 and 182 mg/L, with no significant difference 
(α	≥	0.05)	between	treatments.	The	results	for	dissolved	 inorganic	
nitrogen compounds were TAN < 0.2 mg/L, N‐NO2 < 0.4 mg/L and 
N‐NO3 < 1 mg/L with no significant difference (α	≥	0.05)	between	
treatments. There was no difference in salinity among the treat‐
ments with Navicula (31.7–32.0 g/L), but all were slightly higher than 
the control (31.1 g/L).

The proximal compositions of the bioflocs are presented in 
Table 2. Moisture results varied from 87.6 to 88.9 g/kg, crude pro‐
tein from 172.0 to 225.5 g/kg, crude lipids from 63 to 150 g/kg and 
ash from 553.9 to 587.2 g/kg, with a significant difference (α	≥	0.05)	
between treatments for crude protein, lipids and ash.

The fatty acids profile in the biofloc is presented in Table 2. In 
general, an increase in microalgae led to an increase in linoleic acid, 
EPA and DHA. The BFT 10N treatment presented high amounts of 
EPA and DHA of 3.140 and 5.163 g/kg respectively. It is also note‐
worthy that the BFT 5N and BFT 2.5N treatments also presented 
high values of EPA (1.281 and 2.529 g/kg) and DHA (1.088 and 

3.690 g/kg). The highest values for linolenic acid and arachidonic 
acid were found in treatment BFT 2.5N at 1.156 and 1.035 g/kg re‐
spectively. In addition, the ratio (n‐3)/(n‐6) was higher in BFT 5N and 
BFT 10N. (Table 2).

Table 3 summarizes the shrimp performance during the 42‐day 
experimental period. Shrimp survival rates were all above 93% and 
FCR above 0.8 with no significant difference (α	 ≥	 0.05)	 between	
treatments. In terms of final weight, the different treatments 
with Navicula sp. had similar results, but the BFT 2.5N and BFT 
5N treatments were also similar to the control BFT and only the 
BFT 10N treatment (0.86 ± 0.03 g) was higher to the control BFT 
(0.69 ± 0.03 g). However, for biomass gain, productivity and SGR, the 
treatments with Navicula sp. had similar results, and while the BFT 
2.5N did not differ from the BFT control, the results of BFT 5N and 
BFT 10N treatments were higher than the control BFT (α	≤	0.05).	
Shrimp survival after the salinity stress test was above 90% without 
a significant difference (α	≥	0.05)	between	the	treatments.

The results of the presumptive diagnosis determined that 80% 
of all the animals in the treatments with the addition of Navicula sp. 
(BFT 2.5N, BFT 5N and BFT 10N) had a high degree of gut tissue 
repletion (grade 3), as opposed to 57% of the animals in the control 
group. In relation to the hepatopancreas, 95% of the animals showed 
no or very‐low tubular deformity (degrees of severity between 0 
and 1) in all of the treatments, and 71–91% of the animals submit‐
ted to the treatments with an addition of diatoms had high rates of 
lipid droplets (grade 3). In contrast, 28% of the control group (BFT) 
had a low to moderate presence of protozoa and melanization in 
the gill lamellae, with a maximum of 15% in the tested groups (BFT 
2.5N, BFT 5N and BFT 10N) (Table 4). The THC was significantly 
higher (α < 0.05) in the animals submitted to treatments with the 
addition of diatoms (41.25 × 106 cells/ml) than in the control group 
(22.84 × 106 cells/ml) (Figure 1).

TA B L E  1   Water quality parameters in the culture of Litopenaeus vannamei under nursery biofloc system with and without the addition of 
diatoms

Parameters

Treatments

 BFT BFT 2.5N BFT 5N BFT 10N

Salinity (g/L) 31.07 ± 0.57b 31.72 ± 0.39ab 31.94 ± 0.39ab 32.05 ± 0.32a p = 0.016

Temperature (°C) 28.23 ± 0.12 28.42 ± 0.10 28.39 ± 0.37 28.38 ± 0.03 h = 1.3204

Dissolved oxygen (mg/L) 5.12 ± 0.02 5.09 ± 0.04 5.08 ± 0,03 5.01 ± 0.03 p = 0.196

pH 8.30 ± 0.03 8.31 ± 0.05 8.31 ± 0.02 8.30 ± 0.02 h = 0.2156

TAN (mg/L) 0.19 ± 0.03 0.20 ± 0.06 0.08 ± 0.06 0.08 ± 0.02 h = 6.3385

N‐Nitrite (mg/L) 0.40 ± 0.01 0.40 ± 0.01 0.38 ± 0.01 0.38 ± 0,01 h = 1.9183

N‐Nitrate (mg/L) 0.97 ± 0.02 0.95 ± 0.01 0.97 ± 0.01 0.98 ± 0.01 h = 0.5906

Alkalinity (mg CaCO3/L) 158.93 ± 11.48 140.53 ± 11.60 156.53 ± 19.61 157.60 ± 9.47 p = 0.406

Orthophosphate (mg/L) 1.18 ± 0.14 1.11 ± 0.12 1.19 ± 0.06 1.17 ± 0.09 h = 0.7978

TSS (mg/L) 170 ± 44 147 ± 65 159 ± 65 182 ± 76 p = 0.449

Note: Results from Tukey's test (p) and Dunn (h). Values in the same row with different superscripts differ significantly (α < 0.05); BFT (biofloc system 
without addition of Navicula sp.); BFT 2.5N (addition of 2.5 × 104 cells/ml of Navicula sp.); BFT 5N (addition of 5 × 104 cells/ml of Navicula sp.) and 
BFT 10N (addition of 10 × 104 cells/ml of Navicula sp.).
Abbreviations: TAN, total ammonia nitrogen; TSS, total suspended solids.
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4  | DISCUSSION

The temperature, dissolved oxygen concentration and pH of the 
water remained within the ideal range for the cultivation of the 
species during the whole experimental period (Ponce‐Palafox, 

Martinez‐Palacios, & Ross, 1997; Van Wyk & Scarpa, 1999). In biofloc 
systems, the increase in the microbial biomass and respective con‐
sumption of alkalinity causes a drop in pH levels (Silva, Wasielesky, 
& Abreu, 2013). To avoid pH fluctuations, alkalinity should be kept 
above 100 mg CaCO3/L, since it acts on the system as a buffer 

TA B L E  2   Proximate composition of microbial floc samples and fatty acids profiles at the end of the experimental period of Litopenaeus 
vannamei postlarvae reared in biofloc system without addition of diatoms and with different densities of diatom addition

 

Treatments

Recommended levelsBFT BFT 2.5N BFT 5N BFT 10N

Proximal composition1

Moisture 89.57 ± 0.66 88.87 ± 0.35 88.68 ± 2.83 87.98 ± 0.84  

Crude protein 225.5 ± 1.66a 206.7 ± 0.81a 220.7 ± 0.09a 172.0 ± 1.28b 45%–50%2

Crude lipids 150 ± 0.03a 98 ± 0.03b 97 ± 0.01b 63 ± 0.00c 9%–15%2

Ash 553.9 ± 4.2c 567.0 ± 3.4bc 579.9 ± 8.9ab 587.2 ± 1.8a  

Fatty acids

C18:2n‐6 4.301 6.390 8.484 12.466 0.4%2

C18:3n‐3 0.767 1.156 0.613 0.699 0.3%2

C20:4n‐6 0.775 1.035 0.538 0.884  

C20:5n‐3 0.835 1.281 2.529 3.140 0.4%2

C22:6n‐3 0.709 1.088 3.690 5.163 0.4%2

Σ Saturated 15.268 20.911 23.717 30.034  

Σ Monounsaturated 7.328 9.346 6.066 7.177  

Σ n‐3 2.312 3.526 6.833 9.003  

Σ n‐6 5.076 7.425 9.023 13.350  

1Except for moisture (%), the other values are in terms of g/kg on a dry matter basis. The data correspond to the mean of three replicates ± standard 
deviation. Results from one‐way ANOVA and Tukey test. Mean values in the same row with different superscripts differ significantly (α	≤	0.05).	BFT	
(biofloc system without addition of Navicula sp.); BFT 2.5N (addition of 2.5 × 104 cells/ml of Navicula sp.); BFT 5N (addition of 5 × 104 cells/ml of 
Navicula sp.) and BFT 10N (addition of 10 × 104 cells/ml of Navicula sp.). 
2Van Wyk (1999). 

TA B L E  3   Shrimp performance in the culture (42 days) of Litopenaeus vannamei under nursery biofloc system with and without the 
addition of diatoms

Parameters

Treatment

BFT BFT 2.5N BFT 5N BFT 10N Probability (p) F ratio

Final weight (g) 0.69 ± 0.03b 0.79 ± 0.03ab 0.80 ± 0.08ab 0.86 ± 0.03a p = 0.0149 F = 6.5730*

Biomass gain (g) 97.25 ± 5.94b 109.51 ± 5.69ab 114.59 ± 8.37a 120.97 ± 4.90a p = 0.0103 F = 7.4926*

Productivity  
(kg/m3)

1.95 ± 0.11b 2.19 ± 0.12ab 2.30 ± 0.17a 2.42 ± 0.10a p = 0.0096 F = 7.6790**

Survival (%) 93.6 ± 2.52a 95.6 ± 2.52a 95.3 ± 3.21a 93.6 ± 5.77a p = 0.8646 F = 0.2426ns

SGR (%/day) 15.56 ± 0.10b 15.88 ± 0.08ab 15.92 ± 0.23a 16.08 ± 0.08a p = 0.0103 F = 7.5064*

FCR 0.84 ± 0.66a 0.77 ± 0.03a 0.82 ± 0.01a 0.80 ± 0.04a p = 0.7847 F = 0.3585ns

Salinity stress 
test

100 ± 0a 90 ± 10a 100 ± 0a 95.5 ± 5.77a p = 0.3289 F = 1.0526ns

Note: Results from Tukey's test. Values in the same row with different superscripts differ significantly. BFT (biofloc system without addition of 
Navicula sp.); BFT 2.5N (addition of 2.5 × 104 cells/ml of Navicula sp.); BFT 5N (addition of 5 × 104 cells/ml of Navicula sp.) and BFT 10N (addition of 
10 × 104 cells/ml of Navicula sp.).
Abbreviations: SGR, specific growth rate; FCR, feed conversion ratio; ns, not significant.
*α	≤	0.05.	
**α	≤	0.01.	
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solution (Van Wyk & Scarpa, 1999). In this study, due to daily al‐
kalinity correction, no decrease in pH levels was observed during 
the experimental period. The low TAN and N‐NO2 values observed 
during the experiment indicate the transformation of the nitrogen 
compounds (Ebeling et al., 2006), which were within the ideal range 
for cultivation of the species (Van Wyk & Scarpa, 1999). In relation 
to P‐orthophosphate, the addition of the diatoms did not reduce this 
nutrient, similar to what was observed with Navicula sp., Amphora 
coffeaeformis, Cylindrotheca closterium and Conticribra weissflogii ad‐
dition in BFT systems (Brito et al., 2016; Martins, Odebrecht, Jensen, 
D'Oca, & Wasielesky, 2016).

In biofloc systems, the reduction in water exchange, high or‐
ganic matter loading and the rapid growth of heterotrophic bacteria 
provide an increase in the amount of TSS in the system (Van Wyk, 
2006). During cultivation, TSS remained close to the values recom‐
mended for the development of the species. Recent studies report 
that the concentration of TSS should be maintained between 250 
and 350 mg/L (Samocha et al., 2017).

Regarding the proximal composition of bioflocs, it was observed 
that the addition of diatoms did not contribute to an increase in pro‐
tein. The lowest protein level was observed in the treatment with the 
highest diatom concentration, and conversely the highest protein 
level was observed in the treatment without an addition of diatoms. 

Therefore, it is necessary to evaluate the amino acids profile of the 
bioflocs, mainly due to the better shrimp performance obtained in 
treatments with the addition of diatoms. According to Ekasari et al. 
(2014), the biofloc size class >100 μm contains the highest protein 
(27.8%) and lipid (7.5%) levels but the lowest essential amino acids 
content.

The highest ash content percentage in the biofloc was found in 
the treatments with a higher addition of diatoms than in the BFT. 
Ash content is a measure of the total amount of minerals present 
in a food. Seven minerals (calcium, copper, magnesium, phosphorus, 
potassium, selenium and zinc) have been recommended for inclusion 
in penaeid shrimp's diets (Shiau, 1998), since dietary sources of these 
minerals is necessary for growth because of the repeated losses of 
certain minerals during moulting. Despite the benefit of using dia‐
toms to increase ash, it is necessary to determine the concentrations 
of the minerals present in the biofloc and their bioavailability for the 
cultivated animals.

The lipid content was higher in the treatment without an addition 
of diatoms. However, the EPA and DHA levels in the BFT 5N and 
BFT 10N treatments were at ideal levels for the shrimp's diet. Four 
fatty acids are particularly important dietary ingredients for crusta‐
ceans: linoleic acid (18:2n‐6), linolenic acid (18:3n‐3), EPA (20:5n‐3) 
and DHA (22:6n‐3) (Wickins & Lee, 2002). The latter two n‐3 HUFAs 
are the most indispensable, and it is generally safe to assume that 
they are better utilized by crustaceans and have better nutritional 
value than other lipids (Lim, Ako, Brown, & Hahn, 1997). They also 
increase resistance to environmental stress and disease (Wickins & 
Lee, 2002), and promote higher growth, better survival and higher 
feed efficiency of L. vannamei (Lim et al., 1997). Diatoms are rich in 
fatty acids, especially EPA (20:5n‐3) and DHA (22:6 n‐3), with a vari‐
ation of 5%‐35% of total polyunsaturated fatty acids (Hemaiswarya 
et al., 2011; Patil et al., 2007), and promote increased concentrations 
of fatty acids in the bioflocs and probably improve shrimp perfor‐
mance in the nursery phase.

It was observed that the BFT 10N treatment presented a higher 
shrimp performance than the control. Some studies have shown 
that the inoculation of Navicula in L. vannamei postlarvae culture 
improves growth performance (Brito et al., 2016; Marinho et al., 
2014, 2016), corroborating the observations of this study. The re‐
sults for biomass gain (F = 7.4926), productivity (F = 7.6790) and SGR 
(F = 7.5064) were also significantly higher in the BFT 5N and BFT 
10N treatments, highlighting the higher productivity values (2.30 

Treatments N

Gut repletion degree

Hepatopancreas
Epicomensals on gill 
lamellaeTubules

0 1 2 3 0 1 2 3 0 1 2 3

BFT 14 – 1 5 8 10 4 – – 10 4 – –

BFT 2.5N 11 – – 1 10 9 1 1 – 9 1 1 –

BFT 5N 7 – 1 1 5 4 2 – – 6 – 1 –

BFT 10N 8 – – 2 6 5 3 – – 7 1 – –

TA B L E  4   Presumptive diagnosis of 
nursery culture of juvenile Litopenaeus 
vannamei in a biofloc system with and 
without the addition of diatoms

F I G U R E  1   Total haematocyte count (THC) (p = 0.0194) of 
juvenile Litopenaeus vannamei under osmotic stress after nursery 
culture in a biofloc system with and without the addition of 
diatoms. Significant differences according to the t test. 
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and 2.42 kg/m3) than the other treatments. Brito et al. (2016) re‐
ported productivity of 1.76 ± 0.51 kg/m3, using a Navicula sp. con‐
centration of 5 × 104 cells/ml in an L. vannamei culture in a biofloc 
system for 35 days. Such result is lower than that observed in this 
study, indicating that higher density inoculation of diatoms increases 
productivity. Regarding the SGR, the BFT 5N and BFT 10N treat‐
ments differed significantly from the other treatments. The results 
were similar to those observed with the addition of microalage in 
bioflocs by Marinho et al. (2014), who found a rate of 14.87 ± 0.61%/
day, and higher than that attained by Brito et al. (2016), who found a 
rate of 9.41 ± 0.41%/day. For FCR and survival, no significant differ‐
ences were observed between treatments, indicating that the den‐
sity of Navicula sp. did not influence these parameters. The better 
shrimp performance in the BFT 10N treatment may be associated 
with the fatty acids in the bioflocs. Courtois et al. (2012) evaluated 
the nutritional value of four diatom species for shrimp, one of them 
being Navicula incerta, and observed 4.35 ± 0.17% of lipids in dry 
weight, of which 21.8% was EPA and 0.07% DHA, indicating that dia‐
toms can contribute nutritionally to the performance of L. vannamei.

The hepatopancreas is an important indicator of shrimp health be‐
cause it is extremely sensitive to different diets and water pollutants, 
and can be observed directly under a microscope (Manan, Zhong, 
Othman, & Ikhwanuddin, 2015). In this study, by means of fresh ex‐
amination, it was possible to determine that the animals in the treat‐
ments with the addition of microalgae (BFT 2.5N, BFT 5N and BFT 
10N) had hepatopancreas with tubules full of lipid droplets and with‐
out significant lesions, as well as a filled intestine, revealing the posi‐
tive effect of the inclusion of Navicula sp. on the health of the shrimp.

As for the presence of epicomensals on the gill lamellae, 28% 
of the animals in the control group had 1–10 protozoa per lamella, 
while the animals in the treatments BFT 2.5N, BFT 5N and BFT 
10N an occurrence of at most 14%–18% was observed at the same 
counting interval. In general, high concentrations of organic ma‐
terial (low water quality) increases the epicomensal counts in the 
gill lamellae (Cuéllar‐Anjel, 2008), and the number of unhealthy 
shrimp (Guzmán & Valle, 2000). In this study, no significant differ‐
ences were found in the water quality parameters evaluated, sug‐
gesting that the differences in the epicomensal counts could be 
linked to the better health conditions recorded in the treatments 
inoculated with diatoms.

Regarding the THC, higher mean values were found in the ani‐
mals of the treatments with the addition of Navicula sp. in relation 
to BFT. According to Krupesha, Seema, Philipose, and Radhkrishnan 
(2009), higher THC provides higher immunological status, since its 
increase may provide the crustaceans greater protection against in‐
fections since haemocytes are the main immunocompetent cell in 
crustaceans (Jiravanichpaisal, Lee, & Soderhall, 2006).

5  | CONCLUSION

It is concluded that the diatom Navicula sp. inoculated at a den‐
sity of 5 × 104 cells/ml (BFT 5N) and 10 × 104 cells/ml (BFT 10N) 

provides benefits for the development of L. vannamei postlarvae, 
since it presented higher values in the performance variables for 
final mean weight, productivity, biomass gain, SGR and shrimp 
health status. In addition, the inoculation with diatoms improved 
the nutritional quality of bioflocs by increasing the amount of fatty 
acids.
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