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RESUMO

EFEITO DA IDADE E DO PERiODQ DE DESPESCA DO PIRARUCU (Arapaima
gigas) NACARACTERIZACAO FISICO-QUIMICADA CARNE E
DESENVOLVIMENTO DE MANTAS SALGADAS E SECAS

AUTOR: Krishna Rodrigues de Rosa
ORIENTADOR: Ernesto Hashime Kubota
COORIENTADOR: Nelcindo Nascimento Terra (in memoriam)
Wander Miguel de Barros

Descrito como pirarucu no Brasil e paiche no Peru, o Arapaima gigas é relatado como um dos maiores peixes
dulcicolas de escama do mundo tendo 6timo rendimento industrial, além de carne com sabor suave, cor clara,
textura macia, filé ausente de espinhas, tradicionalmente comercializado no mercado interno como produto
salgado seco e normalmente retratado como “bacalhau brasileiro”. Diversos fatores influenciam direta e
indiretamente na composicdo quimica do pescado, dentre estes tem-se 0s intrinsecos tais como genética,
morfologia, fisiologia, idade, peso corporal do peixe; e 0s extrinsecos como fatores climaticos, alimentagéo,
qualidade da 4gua de produgdo, dentre outros. Por isso, objetivou-se neste trabalho caracterizar a matéria-
prima manta de pirarucu com animais de diferentes idades frente & variagdo climética (chuva e seca) e
desenvolver tecnologia de salga visando sugerir um protocolo que atendesse a legislacdo vigente. Para tal,
realizou-se quatro despescas em 2 tanques, obtendo 5 espécimes por despesca por tanque, estando 0s animais
com 18, 24, 25 e 30 meses de idade. Os animais foram abatidos e processados em frigorifico local, e as
mantas caracterizadas quanto aos seus indices biométricos, composicdo centesimal, valor calérico, cor
instrumental, perfil de 4cidos graxos, indices de qualidade nutricional lipidica, frescor via bases volateis
nitrogenadas totais, pH em 24h, atividade de agua, capacidade de retengdo de agua, perda por gotejamento,
perda por cozimento e forca de cisalhnamento. Determinou-se quantitativamente colageno em pele, musculo
e escama de pirarucu. Desenvolveu-se mantas salgadas secas uma Unica vez e sob refrigeracdo utilizando
espécimes com 24 meses de idade em delineamento composto rotacional com duas varidveis independentes
(concentracdo de sal e tempo de salga) em quatorze ensaios cujas variaveis dependentes foram umidade,
cinzas, atividade de &gua e cloreto de sédio. Houve diferenca estatistica significativa para peso da cabeca,
ganho médio diério, indice de compacidade da manta, composicéo centesimal, valor calérico, bases volateis
nitrogenadas totais, forga de cisalhamento, pH em 24 h, atividade de 4gua e coldgeno em pele de pirarucu.
Verificou-se que quanto menor a idade, melhor o indice de Kleiber e pior o comprimento total e sua correlacdo
com os demais indices; tanto a idade quanto o peso do animal influenciaram na composi¢do centesimal e
caracterizacdo fisico-quimica, ao passo que no perfil de acidos graxos obteve-se correlagdo apenas com a
idade. Conclui-se, assim, que a particularidade da regido estudada onde ndo ha variacdo significativa de
temperatura e somente existe modificacdo em regime pluviométrico que interfere diretamente na qualidade
da 4dgua de criaco, tal como a diferenca na idade e peso dos animais avaliados, todos influenciaram, mesmo
gue em graus variados, as analises e indices realizados demonstrando ser possivel determinar uma matéria-
prima que exprime o melhor que uma espécie pode produzir. Neste sentido, foi possivel determinar qual
melhor protocolo de criagdo e processamento do pirarucu visando tanto um incremento na piscicultura desta
espécie como também em atender um mercado consumidor cada vez mais exigente e globalizado. Portanto,
sugere-se realizar a salga seca em um periodo de 24h com 21,6% de sal grosso, atendendo ao preconizado na
legislacdo brasileira.

Palavras-chave: Pirarucu. Chuva. Biometria. Qualidade. Composicao centesimal. Perfil de &cidos graxos.
Colageno. Concentragdo de sal.



ABSTRACT

EFFECT OF THE AGE AND PERIOD OF HARVESTING OF PIRARUCU (Arapaima gigas) ON
THE PHYSICOCHEMICAL CHARACTERIZATION OF MEAT AND DEVELOPMENT OF
SALTED AND DRIED BLANKETS

AUTHOR: Krishna Rodrigues de Rosa
ADVISOR: Ernesto Hashime Kubota
CO-ADVISOR: Nelcindo Nascimento Terra (in memoriam)
Wander Miguel de Barros

Known as the pirarucu in Brazil and paiche in Peru, Arapaima gigas is one of the world’s largest freshwater
fish. This species provides excellent industrial yields and has mild-flavored meat, light coloring, soft textures,
a boneless fillet, traditionally sold in the domestic market as a dry salted product, and usually portrayed as
the “Brazilian cod.” Several factors, directly and indirectly, influence the chemical composition of fish,
including intrinsic determinants such as genetics, morphology, physiology, age, body weight, and extrinsic
factors including climatic factors, food, production water quality, among others. Given the above, this study
aimed to characterize the raw materials of the pirarucu blanket in different-aged animals given climatic
variation (rainy and dry periods) and develop salting technology to suggest a protocol that complies with
Brazilian legislation. For this, four harvests were carried out in two excavated tanks, obtaining five specimens
per harvest per tank, with the animals being 18-, 24-, 25-, and 30-months old. The animals were slaughtered
and processed in a local slaughterhouse, and the blankets were characterized according to their biometric
indices, proximate composition, caloric value, instrumental color, fatty acid profile, lipid nutritional quality
indices, freshness via total volatile nitrogen bases, pH in 24 h, water activity, water retention capacity, drip
loss, cooking loss, and shear force. Collagen was quantitatively determined in the pirarucu skin, muscles, and
scales, and dry salt blankets were developed only once and under refrigeration using 24-month-old specimens
in a composite rotational design with two independent variables (salt concentration and salting time) in
fourteen trials whose dependent variables were moisture, ash, water activity, and sodium chloride. There was
a statistically significant difference in head weight, average daily gain, blanket compactness index, proximate
composition, caloric value, total volatile nitrogen bases, shear force, pH in 24 h, water activity, and collagen
in the pirarucu skin. It was found that the younger the fish, the better the Kleiber index and the worse the
total length and its correlation with the other indices; both the age and weight of the animal influenced the
proximate composition and physicochemical characterization, while the fatty acid profile only correlated
with age. It is concluded, therefore, that the particularity of the studied region, where there is no significant
variation in temperature and there is only a change in rainfall that directly interferes in the quality of the
breeding water, such as the difference in age and weight of the evaluated animals, all influenced, even if in
varying degrees, the analyzes and indices carried out showing that it is possible to determine a raw material
that expresses the best that a species can produce. In this sense, it was possible to determine the best protocol
for the creation and processing of pirarucu aiming both an increase in fish farming of this species and also to
meet an increasingly demanding and globalized consumer market. Therefore, it is suggested to carry out the
dry salting in a period of 24 h with 21.6% of coarse salt, which complies with Brazilian legislation.

Keywords: Pirarucu. Rain. Biometry. Quality. Proximate composition. Fatty acid profile. Collagen. Salt
concentration.
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APRESENTACAO

A presente tese segue as normas estabelecidas no Manual de DissertagOes e Teses:
Estrutura e Apresentacdo — MDT da UFSM (UFSM, 2015). As sec¢des Revisao Bibliografica,
Materiais e Métodos, Resultados e Discussfes estdo apresentados na forma de 6 artigos
cientificos, constando no item 2 Desenvolvimento. Ao final da tese encontram-se o0s itens
Discussdo e Conclusdo, que apresentam uma compilacdo de interpretacGes e comentérios a
respeito dos resultados e discussdes encontradas e que estdo contidos nos artigos cientificos. As
Referéncias encontradas no Gltimo item desse documento, referem-se somente as citacées que

aparecem no item Introducéo e Discussao.
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1 INTRODUCAO

Segundo a FAO (2020), havera um aumento do consumo de pescado na América Latina
e Caribe na exportacdo e importagdo, respectivamente, de 10,7% e 20,0% até 2030, condicdo
esta decorrente do crescimento da estimativa de producdo em a aquicultura nas regides (32,8%)
passando de 3,14 milhdes de toneladas em 2018 para 4,17 milhdes de toneladas em 2030 o que
vai gerar um consumo mundial per capita de 21,5 kg (FAO, 2018).

O Brasil classifica-se em 13° lugar dentre os maiores produtores mundiais de pescado
por aquicultura com 605.000 toneladas e 8° por aquicultura marinha com 528.100 toneladas,
sendo que em ambos aspectos os trés maiores produtores sdo China, india e Indonésia, contudo,
o Brasil possui consumo médio per capita inferior & média mundial (20,3 kg.hab.ano) com
apenas 10,5 kg.hab.ano™ (FAO, 2020).

A piscicultura brasileira persistiu crescendo no ano de 2019, obtendo incremento de
4,9% na producdo que totalizaram 758.006 toneladas (MEDEIRQOS, 2020), contudo a regiao
Centro-Oeste demonstrou reducdo de producdo de -2% em relacdo a 2018 (totalizando em
110.200 t produzidos em 2019 em comparagdo com 112.490 t produzidos em 2018). Mesmo
assim, o estado do Mato Grosso (MT) figura entre os dez maiores produtores de peixes de
cultivo no pais (5° lugar com 49.400 t), sendo que é o 2° maior produtor de peixe nativo no
Brasil (46.280 t).

Ja ao se tratar da producdo em cativeiro da espécie pirarucu, 0 pais possui 3.246
estabelecimentos agropecuarios que realizam tal funcéo onde a regido Norte lidera com a maior
quantidade (2.051), seguido da regido Nordeste (397), regido Centro-Oeste (381), regido
Sudeste (342) e, por ultimo, a regido Sul com 75 pisciculturas (CARVALHO et al., 2020). Tal
producdo faz-se importante para o Brasil, uma vez que em 2018 a quantidade produzida de
pirarucu via aquicultura foi de 1.838.569 kg gerando R$ 23.639.000,00 (IBGE, 2018).

Descrito como pirarucu no Brasil e paiche no Peru, o Arapaima gigas é relatado como
um dos maiores peixes dulcicolas do mundo, sendo comum encontrar espécimes com peso
médio de 125 kg, com relatos que o mesmo pode alcancar, na natureza, cerca de 200 kg e
comprimento de 2 a3 m (IMBIRIBA et al., 1996). E um animal que habita os rios Amazonicos
(dgua quente entre 24 °C a 31 °C) caracterizado por estar no topo da cadeia alimentar, possuindo
uma cabeca achatada que se assemelha aos dos bagres como o pintado, corpo longo e cilindrico
com escamas em tamanho acima do comumente encontrado em peixes de dgua doce, sendo
estas habitualmente utilizadas como matéria-prima para a producao de artesanato e lingua 6ssea
que é reaproveitada como lixa (NELSON, 1994; LI; WILSON, 1996; VENTURIERI,



18

BERNARDINO, 1999; GAVIS et al., 2006; ARARIPE et al., 2013), contudo, normalmente sdo
pescados comercialmente na Amazonia com peso entre 30 a 40 kg gerando um rendimento de
médio de carcaca em torno de 57% (IMBIRIBA, 2001).

Denominado de bodeco na regido Amazonica e pirosca no estado do Tocantins (SOUSA
et al., 2017), o nome pirarucu tem origem do Tupi, onde pira significa peixe e urucu, vem do
urucuzeiro - Bixa orellana, sendo que tal descri¢do advém da cor avermelhada de suas escamas
na porcao do conjunto da nadadeira caudal, dorsal e anal, principalmente nos machos (AYALA,
1999) ao passo que a intensidade da coloracdo, tal como a quantidade destas, modifica-se
chegando ao seu auge durante o periodo reprodutivo do animal (VENTURIERI,
BERNARDINO, 1999).

Nos ultimos anos, o pirarucu, peixe vermelho descrito na familia Arapaimatidae e na
ordem dos Osteoglossiformes, foi a espécie amazodnica que mais despertou o interesse dos
piscicultores brasileiros. E, mesmo ndo sendo uma espécie amplamente caracterizada e
estudada do ponto de vista cientifico, faz parte da base alimentar das popula¢Ges nativas antes
mesmo do descobrimento do pais (PEREIRA-FILHO; ROUBACH, 2013).

Neste sentido, o pirarucu é normalmente criado de forma extensiva em grandes tanques
escavados de dimensdo variada gerando ganho em produtividade de 1,7 a 11
toneladas/hectare/ano, principalmente quando se usa peixes de baixo valor comercial como
base alimentar tal como piaba, matupiri, tamuatd, etc., que sdo facilmente reproduzidos em
piscicultura (IMBIRIBA et al., 1985; BARD; IMBIRIBA, 1986) ou via consorciacdo dos
mesmos com outras criacdes animais como bubalinos e suinos (CARVALHO; NASCIMENTO,
1992), entretanto, 0 mesmo também tem sido criado de forma semi-intensiva e intensiva pela
sua Otima propriedade de resisténcia em ambiente com alta densidade, tolerancia a baixa
concentracdo de oxigénio (respiracdo aérea) e alta de amonia, bem como por possuir rapido
crescimento, facil aceitacdo da alimentacao artificial e boa conversdo alimentar (BRAUNER,;
VAL, 1996; CAVERO et al., 2003; CAVERO et al., 2004).

A espécie é referida como um peixe carnivoro de grande porte - tradicionalmente
intitulado como o gigante das aguas amazonicas, com rendimento de carcaca em cerca de 60%
e do filé acima de 45% (ONO; HALVERSON; KUBITZA, 2004). Este é tradicionalmente

comercializado no mercado interno como produto salgado seco — retratado como “bacalhau
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brasileiro”, tendo grande importancia econdmica e historica, especialmente na regido Norte e
no extremo norte da regido Centro-oeste (NUNES et al., 2012a).

Sua manta, corte que consiste de toda massa muscular oriunda da carcaca do animal
retirando-se o espinhago central obtendo, assim, duas partes iguais ou bandas, é considerada
um produto de alto valor comercial tendo grande consumo na regido norte do pais e sendo bem
quisto pelos exportadores, o que levou a um incremento na sobrepesca dos pirarucus na fase
juvenil levando a reducdo do estoque natural a tal ponto que ele é o Unico peixe descrito pela
Convencdo sobre o Comércio Internacional das Espécies da Fauna e da Flora Silvestres
Ameacadas de Extincdo (CITES) como animal em risco de extingdo (IBAMA (1991);
IBAMA/IARA (1995; BRASIL, 2014).

Visando reverter tal circunstancia e conhecer mais sobre essa espécie visto que sua
revelacdo como excelente matéria-prima tem ganhado cada dia mais adeptos no mundo inteiro,
diversos Estados brasileiros prevendo um incremento no mercado de peixes nativos reuniram-
se com entidades de protecdo animal e instituicdes de pesquisa e ensino para fortalecer a criagéo
comercial do pirarucu em cativeiro, assim como repor o que foi retirado da natureza
(BRANDAO et al., 2008).

Quando se fala de piscicultura, tem-se que diversos fatores influenciam direta e
indiretamente na composicao quimica do pescado, dentre estes tem-se 0s intrinsecos tais como
genética, morfologia, fisiologia, idade, peso corporal do peixe; e 0s extrinsecos como fatores
climaticos, alimentacdo, qualidade da dgua de producéo, sanidade, dentre outros (GUNTHER
et al., 2005; ZHU et al., 2005).

Porém, poucos sdo 0s estudos que se atém as caracteristicas biométricas (tamanho e
peso), rendimento (carcaca e cortes) e indice de compacidade (relagéo entre as massas muscular
e adiposa e o comprimento) de pescados tanto de agua doce quanto salgada, entretanto, tais
dados sdo importantes visto que auxiliam os piscicultores estimando sua produtividade e as
indUstrias em padronizacdo e atendimento de demanda de mercado (CUNHA et al., 2001;
MACEDO-VIEGAS; SOUZA, 2004).

Neste sentido, como os fatores climaticos afetam diretamente na produtividade da
piscicultura, principalmente no que concerne a manutencdo dos ecossistemas aquaticos

primarios, além disso quando se trata dos ciclos sazonais tem-se descrito que oS mesmos
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impactam varias atividades biologicas tais como comportamento, nutricdo, metabolismo,
imunidade e reproducdo (BEZERRA et al., 2013).

Faz-se necessario conhecer o clima da regido em que se almeja implementar uma
piscicultura, sendo assim, o Mato Grosso localiza-se na regido Centro-Oeste do Brasil, sendo o
terceiro maior Estado do pais com érea total de 903.378 km? (IBGE, 2015), possuindo uma
confluéncia de trés biomas: Pantanal (10% area), Cerrado (40% area) e Amazobnia (50%)
(IBGE, 2012). A classificacdo climatica de Képpen denomina como Clima tropical imido ou
sub-amido (Am) na sua regido norte e Clima tropical com inverno seco (Aw) na regido central
do Estado, assim como o Pantanal Mato-Grossense (ALVARES et al., 2013). Tais caracteristicas
faz do mesmo um local com abundantes fontes naturais de agua doce, todavia, sua variagdo
climatica gera um impacto sobre a piscicultura devendo ser levada em considera¢do pelo
produtor para que minimize os riscos na atividade (SILVA; INOUE; FIETZ, 2016; TRES et al.,
2016).

O pescado é um alimento de elevado valor nutricional por possuir proteina altamente
digerivel, sendo fonte de aminoacidos essenciais como lisina, metionina e cisteina, além de ser
fonte de gorduras poli-insaturadas (6mega 3) que auxiliam no sistema cardiovascular, vitaminas
lipossoluveis A e D e, de minerais, tais como: fosforo, ferro, célcio, cobre e selénio e, se 0
mesmo for proveniente de agua salgada, também o iodo (STANSBY, 1973; ABABOUCH,
2005; RUXTON, 2011; SARTORI; AMANCIO, 2012).

Adicionalmente, considerado fonte de colageno através da sua pele, escamas, 0ssos e
barbatanas (DESHMUKH;  NIMNI, 1971; SADOWSKA; KOLODZIEJSKA;
NIECIKOWSKA, 2003; LEE et al., 2009; JIN-FENG; XIU-RONG; CHUN-DAN, 2010;
MARTINEZ et al., 2011; SHANMUGAM et al., 2012; HOYER et al., 2014), sendo este uma
proteina constituida principalmente de glicina (cerca de 30% do total), prolina e hidroxiprolina
(BHATTACHARJEE; BANSAL, 2005) que proporciona resisténcia, elasticidade, estrutura,
além de participar da morfogénese e do metabolismo celular de novos tecidos (MAKAREEVA,;
LEIKIN, 2014; SKOPINSKA-WISNIEWSKA et al., 2016).

Logo, torna-se importante ressaltar que o pescado € um alimento altamente perecivel,
com elevada atividade de agua, umidade e fonte de nutrientes, no qual apds o abate ocorrem
inimeras alteracGes bioquimicas que apds o rigor mortis, desencadeiam a perda de frescor
(GASPAR et al., 1997; LEITAO et al., 1997). De acordo com Jesus, Lessi, Tenuta Filho (2001),
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um dos fatores associados a acelerada deterioracdo sao as contaminagdes cruzadas que ocorrem
advindas da contaminagdo interna do pescado pela exposi¢do do conteddo gastrintestinal a
musculatura do mesmo.

Neste sentido, a salga que € um dos processos de conservacgdo de alimentos mais antigos
utilizados até os dias de hoje, é convencionalmente utilizada em pescado conferindo ndo apenas
maior vida de prateleira ao produto, mas também caracteristicas fisico-quimicas e
organolépticas Unicas (SABADINI et al., 2001; PEREZ et al., 2007).

Assim, diversos trabalhos buscaram verificar a qualidade do pirarucu salgado a venda
no pais e, em sua grande maioria 0S mesmos encontram contamina¢Ges microbioldgicas e
degradac@es fisico-quimicas sérias que podem vir a prejudicar a sadde do consumidor tais
como: Mesofilos, Halofilicos, Bacillus spp., Fungos, Staphylococcus coagulase positiva,
Enterobacteriaceae viaveis, Enterococcus spp., Coliformes totais (CT), Coliformes a 45 °C,
Escherichia coli, Salmonella spp., Clostridium Sulfito Redutor, Clostridium perfringens, assim
como, bhases volateis totais acima do permitido pela legislacdo, coloracdo amarelo-escuro,
rancidez oxidativa aparente, textura fraca, umidade elevada e presenca de aminas biogénicas
(GUIMARAES et al., 1991; SANTOS; FALCAO; CARVALHO, 1997; NORONHA; VIEIRA,
FREITAS, 2000; NUNES et al., 2012a; NUNES et al., 2012b; NUNES et al., 2018;
VASCONCELOS; VIANA; OLIVEIRA, 2014).

Tal condicdo acontece visto que a manta de pirarucu salgado seco é um produto
fabricado sem nenhum critério tecnoldgico, higiénico e sanitario visto que ndo possui legislacdo
especifica nem padrdo de identidade e qualidade (P1Q) aprovados no Brasil, dispondo ao
mercado consumidor, um produto irregular, com risco inerente as alteracbes de base
microbioldgica e fisico-quimica, comprometendo a producdo de um alimento seguro e barrando
sua ascensao no mercado exportador (NUNES, 2011).

Sabe-se que o pirarucu é um pescado de escamas, porém 0 mesmo ndo possui espinha
em vy, além de ter uma carne muito saborosa e magra de coloragdo clara e consisténcia firme
(IMBIRIBA et al., 1996; ONO; HALVERSON; KUBITZA, 2004; ONO; KEHDI, 2013),
todavia, dados cientificos sobre o pirarucu in natura sdo muito escassos Visto que a pesca ainda
é controlada pelo IBAMA e existem poucos criatdrios registrados e licenciados no pais em

pleno exercicio desde o inicio da pandemia pelo COVID19.
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Entretanto, pode-se dizer que o filé do pirarucu contém, em média, 16,52% de proteina,
2,56% de lipideos, 1,11% de cinzas, 78,26% de umidade, 1,55% de carboidrato, valor calérico
de 95,32 kcal (SANTOS et al., 2018), 26,7% de acidos graxos saturados, 29,19% de acidos
graxos monoinsaturados, 43,97% de &cidos graxos poli-insaturados (COUTINHO et al., 2019)
e pH de 6,27 (HONORATO et al., 2014); ao passo que sua pele possui 25,18% de proteina,
19,34% de lipideos, 0,18% de cinzas, 53,61% de umidade, 1,68% de carboidrato e rendimento
em extracdo de colageno acido solaivel de 27,4% (CARPIO, 2018). Demonstrando que o
pirarucu possui excelente qualidade nutricional e, como ja relatado anteriormente, um bom
rendimento industrial devendo ser mais explorado como matéria-prima alimentar para
desenvolvimento de novos produtos, usando-se de tecnologias adequadas, garantindo, assim, a

seguranca alimentar do consumidor.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Caracterizar como matéria-prima alimentar o pirarucu (Arapaima gigas) proveniente de

cativeiro em diferentes periodos de despesca e desenvolver mantas salgadas e secas.

2.2 OBJETIVOS ESPECIFICOS

e Realizar um artigo de revisdo destacando a origem do pirarucu até o desenvolvimento
de sua criacdo comercial visando conhecer mais sobre a espécie;

e Avaliar a composigédo centesimal da ragdo administrada para os animais;

e Acompanhar e conhecer as variacdes climaticas da area de piscicultura durante o
experimento;

e Realizar medicdo dos indices biométricos dos espécimes estudados e gerar novos
marcadores através do uso do indice de Kleiber e do indice de Compacidade da carcaca
e da manta;

o Verificar a influéncia do periodo climéatico e da idade nos indices biométricos do
pirarucu (Arapaima gigas) criado em cativeiro;

o Realizar a caracterizagdo fisico-quimica do pirarucu (Arapaima gigas) em diferentes
periodos de cultivo em tanques escavados através de sua composi¢do centesimal, cor
instrumental, perfil de acidos graxos e indice de qualidade nutricional,

e Avaliar o frescor via bases nitrogenadas volateis totais e caracterizar fisico e
guimicamente a manta de pirarucu (Arapaima gigas) criado em cativeiro frente as
estacdes do ano;

e \rificar a composicdo centesimal e quantificar o teor de hidroxiprolina na pele,
musculo e escama de pirarucu com diferentes idades em face das variagdes climaticas;

e Avaliar a qualidade fisico-quimica da agua dos tanques escavados utilizados na criagao
do pirarucu;

e Realizar um estudo de otimizacao da salga seca de manta de pirarucu (Arapaima gigas)
criado em cativeiro usando diferentes concentracGes de sal grosso e tempos de salga sob

refrigeracdo visando desenvolver um protocolo que atenda a legislacéo brasileira.
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3 DESENVOLVIMENTO

O desenvolvimento do estudo est& apresentado na forma de 6 artigos cientificos, sendo

0 Artigo 1 um artigo de reviséo publicado na revista Brazilian Journal of Development de ISSN

2525-8761 (B2 na Capes Qualis quadriénio 2017-2020) e os demais como artigo cientifico

original tal como se segue:

Artigo 2 a ser submetido na revista PAB — Pesquisa Agropecuaria Brasileira de
ISSN 1678-3921 (B1 na Capes Qualis quadriénio 2013-2016);

Artigo 3 aceito para publicacdo em dezembro/2021 na revista JFCA - Journal of
Food Composition and Analysis de ISSN 0889-1575 (Al na Capes Qualis
quadriénio 2013-2016);

Artigo 4 a ser submetido na revista JFCA - Journal of Food Composition and
Analysis de ISSN 0889-1575 (Al na Capes Qualis quadriénio 2013-2016);
Artigo 5 a ser submetido na revista Quimica Nova de ISSN 0100-4042 (B1 na
Capes Qualis quadriénio 2013/2016);

E o Artigo 6 a ser submetido na revista LWT — Food Science and Technology de
ISSN 0023-6438 (Al na Capes Qualis quadriénio 2013-2016).
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RESUMO

Por se tratar de um mercado com forte potencial e em expansao, alguns Estados brasileiros em
parceria com entidades de protecdo animal e instituicdes de ensino e pesquisa tem incentivado
a criacdo de pirarucu em cativeiro, possibilitando assim, um monitoramento e preservacdo dos
estoques naturais, consequentemente evitando-se assim a extin¢do da espécie. Descrito como
pirarucu no Brasil e paiche no Peru, o Arapaima gigas € relatado como um dos maiores peixes
dulcicolas de escama do mundo possuindo rendimento de carcaca em cerca de 60% e do filé
acima de 45%, sendo este tradicionalmente comercializado no mercado interno como produto
salgado seco normalmente retratado como “bacalhau brasileiro”. Muito ainda deve ser feito
para que se tenha o dominio total da criagdo em cativeiro do pirarucu, principalmente no que
concerne a alimentacdo e reproducdo do mesmo, contudo, trabalhos vém sendo realizados
visando alcancar tal intuito. Neste sentido, objetivou-se realizar uma revisao bibliogréafica sobre
o0 pirarucu visando elucidar o maximo sobre a respectiva espécie desde sua classificagdo,
aspectos bioldgicos, método de obtencdo e criacao no Brasil.

Palavras-chave: Arapaima gigas; piscicultura; tanque escavado.

ABSTRACT

Because the captive breeding of pirarucu is a growing market segment with great potential,
some Brazilian states in partnership with animal protection organizations and
educational/research institutions have encouraged the activity, making it possible to monitor
and preserve natural stocks and consequently prevent the extinction of the species. Commonly
known as “pirarucu” in Brazil and “paiche” in Peru, Arapaima gigas is reported as one of the
largest scaled freshwater fish in the world, with a carcass yield of around 60% and a filet yield

of over 45%. The species is traditionally marketed in Brazil as a dry-salted food called
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“Brazilian cod”. Although much remains to be done for the captive breeding of pirarucu to be
fully controlled, especially in terms of feeding and reproduction, research has been carried out
with this purpose. In this scenario, the present literature review has been undertaken to elucidate
the most information possible about the classification, biological aspects, production methods
and breeding of pirarucu in Brazil.

Key words: Arapaima gigas; earthen pond; fish farming.

1. INTRODUCTION

Known as “pirarucu” in Brazil and “paiche” in Peru, Arapaima gigas is considered one
of the largest freshwater fish in the world, with common descriptions of the fish weighing an
average of 125 kg. The species has been reported to reach up to around 200 kg in weight and 2
to 3 m in length, in nature (Imbiriba et al., 1996). Having received the title of “The giant of
Amazonian waters” due to its importance, pirarucu has been known for several years abroad
for its product, the salted filet, which is part of the European daily life (Ono et al., 2004).

In recent years, pirarucu, a red fish of the family Arapaimatidae and order
Osteoglossiformes, has been the Amazonian species that most aroused the interest of Brazilian
fish farmers. Apart from being widely characterized and studied in the scientific field, the
species has also been a staple food for native populations since even before the country was
discovered (Pereira-Filho and Roubach, 2013).

The species is described as a large-sized carnivorous and the largest scaled fish ever
catalogued in the world, with a carcass yield of around 60% and a filet yield of over 45% (Ono
et al., 2004). Pirarucu is usually marketed in Brazil as a dry-salted product popularly known as
“Brazilian cod”, which has great economic and historic importance, mainly in the North region

and in the northernmost area of the Central-West region (Nunes et al., 2012).
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Formerly produced in extensive regimes due to ease of reproduction, the species is now
farmed in intensive systems, for which it presents a number advantages, e.g., resistance to high
stocking densities; easy adaptation to balanced feedstuffs and commercial feeds; rapid growth
(around 7-10 kg) in the first year of farming, with a feed conversion of approximately 2:1 when
only feed is used and up to 1.5:1 when supplemented with live fish (being a moderate
carnivore); dual breathing (aerial and aquatic), which allows it to adapt and develop in water
with low dissolved oxygen contents such as still water with the presence of sediments and algae
and no current; and high filet yield, which surpasses those achieved by most fish species
cultured in Brazil (Brandéo et al., 2008; Ono and Kehdi, 2013).

In this scenario, the present literature review has been undertaken to elucidate the most
information possible about the classification, biological aspects, production methods and

breeding of pirarucu in Brazil.

2. DEVELOPMENT

2.1 CLASSIFICATION AND BIOLOGICAL ASPECTS

Pirarucu is one of the earliest described fish species of the family Arapaimidae, whose
line originated in the Jurassic period, even before the continental drift of Africa and South
America. Because of its phylogenetic traits, skeleton and external morphology that are distinct
from those of other species of fish from that time and even from its closest African relative,
Heterotis niloticus (Lundberg and Chermoff, 1992), pirarucu is described as a live fossil of great
importance for underpinning research contrasting it with the evolution of teleosts (Silva and
Duncan, 2016).

Because it is a rather primitive species, pirarucu is often described as the freshwater

dinosaur. It belongs to the class Actinopterygii, order Osteoglossiformes and family
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Arapaimidae, of which few species have been catalogued thus far. In the Amazon, the
osteoglossids are formed by two genera and three species, namely, Arapaima gigas,
Osteoglossum bicirrhosum and O. ferreirai (Imbiriba, 1996).

Studies conducted over more than 150 years have described pirarucu as a species of
monotypic genus (Ferraris, 2003), Arapaima gigas (Schinz, in Cuvier, 1822). However, Cuvier
and Valenciennes (1847) reported the presence of three species—Arapaima agassizii, A. mapae
and A. arapaima—in a catalogue published by Giinther (1868) as a synonym for A. gigas. On
the other hand, recent studies confirm the existence of the species A. agassizii (Stewart, 2013a)
as well as a new species from Central Amazon, thus totaling five species of pirarucu rather than
one, as once thought (Stewart, 2013b).

Nevertheless, in Brazil, only the species Arapaima gigas had its geographic distribution
determined, with the first occurrence reported in exploratory fishing operations near Santarém
- PA, in the year 1787 (Stewart, 2013a).

The species is called “bodecos” in the Amazon region when young, “pirosca” in the
state of Tocantins and “paiche” in Peru (Sousa et al., 2017). The name “pirarucu” originates
from the Tupi language, where pira means fish and urucu comes from the “urucu” (annatto)
tree (Bixa orellana). This description refers to the reddish color of its scales in the caudal-
dorsal-anal fin portion, especially in males (Ayala, 1999). Both the color intensity and the
number of scales change over time, reaching their peak during the reproductive stage (\enturieri
and Bernardino, 1999).

Pirarucu is a large species that inhabits the Amazonian rivers (warm water, between 24
and 31 °C). It is characterized by being at the top of the food chain and by having a flattened
head similar to that of catfish such as spotted sorubim; a long, cylindrical body; scales larger

than those normally found in freshwater fish, which are commonly used as raw material in
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craftwork; and a bony tongue that is reused as sandpaper. Despite reaching up to 3 m in length
and 200 kg in live weight (Nelson, 1994; Li and Wilson, 1996; Venturini and Bernardino, 1999;
Gavis et al., 2006; Araripe et al., 2013), the typical pirarucu fished commercially in the Amazon
weighs between 30 and 40 kg, generating an average carcass yield of approximately 57%
(Imbiriba, 2001).

The respiratory system of the species consists of gills for aquatic breathing—performed
only during the fingerling stage—and a modified swim bladder, which works as a lung during
aerial breathing. This fact makes it impossible to transport the animal alive after it is fished or
harvested, since it eventually suffocates on the way (Sousa and Val, 1990; Goulding et al.,
2003).

Furthermore, its reproductive apparatus in both females and males has a particularity
that renders it anatomically unique: in females, only the left ovary is developed, whereas the
male has a functional left testicle and an atrophied right testicle (Bard and Imbiriba, 1986).

2.2 ZOOTECHNICAL CHARACTERISTICS

Pirarucu is notably a species with a high growth rate. It is described as one of the earliest
developing large-sized fish, which arouses the interest of producers in farming it on a large
scale even though its weight gain does not accompany its longitudinal growth at the same rate.
However, after reaching 75.0 cm, pirarucu starts to gain large amounts of mass, exhibiting good
musculature upon attaining 150 cm in length (Fontenele, 1948; Bard and Imbiriba, 1986).

There is controversy regarding the distribution of pirarucu, with some authors reporting
it as present from the Amazon river in Brazil to the Orinoco river, Guyana, up to Ucayali river,
in Peru, warranting more in-depth investigations about the area between Guyana and the French
Guiana (Luling, 1964). However, Bard and Imbiriba (1986) had already reported that there are

no likely records of the presence of A. gigas in the Orinoco basin, but rather in the lower part
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of the Amazon river, where the fish reached the affluents, floodplain and igap6 (blackwater-
flooded) areas. Soares and Noronha (2007), in turn, stated that pirarucu is found in Brazil,
Colombia, Guyana and Peru, but it remains to be determined whether it has reached Ecuador,
since there are reports of native species that resemble it.

In Brazil, pirarucu is unanimously known to inhabit floodplain areas in the Amazon and
Essequibo river basins as well as flooded forests, rivers, lakes and some coastal deltas. Its
presence is delimited by geographic barriers such as waterfalls and strong-current areas, as they
impede its transit, making this species an excellent colonizer of environments with low or no
current such as lakes (Queiroz and Sardinha, 1999; Castello, 2008a).

Described as a non-aggressive carnivorous species, pirarucu is normally characterized
for attacking small detritivorous and omnivorous fish in nature, especially those of the family
Loricaridae, among which are Hypostomus plecostomus (“cascudo”) and Hoplosternum
littorale (“tamuata” or “tamoata”), as well as other items such as mollusks, crustaceans and
insects. However, because pirarucu is mostly piscivorous, it is considered a top-end predator
that helps to regulate the ecosystem in which it inhabits (Romero, 1961; Ono et al., 2004).
Watson et al. (2013) conducted a study with pirarucu from Guyana and found the presence of
nitrogen isotopes, demonstrating that it can be classified as omnivorous. Nonetheless, further
studies must be developed to ascertain the extent of importance of pirarucu in its habitat and
how positive or negative its influence can be.

Pirarucu is an ovuliparous monogamous fish (Monteiro, 2005) whose sexual maturation
occurs from the 4th to the 5th year of life, when it reaches 1.60-1.85 m in length and 40-45 kg
in weight (Luling, 1964; Flores, 1980). During the dry season, the fish forms couples that last
throughout their lifetime. Pirarucu is easily found in lakes, river beaches and some waterways

during its reproduction period (Fontenele, 1948; Queiroz and Sardinha, 1999; Castello, 2008b).
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At the beginning of the flood, when the water is around 1-m deep in regions on the
margin of seedbank forests surrounded by lake, undertow and “parana” (shallow branch with
little water flow that rises only when the river floods) environments, males dig holes in the soil
with an average diameter of 57 cm and an average depth of 16 cm. These will be the nest where
the female gradually deposits the ovules, which are covered with the male’s sperm. Once
fertilized, they are hatched by the female (Castello, 2008a; Castello, 2008b).

According to some researchers, the same couple can spawn several times in one year,
depending solely on the weather, body conditions and feed availability (Liling, 1964; Neves,
1995), and a pirarucu female is able to generate around 11,000 juveniles per spawn, which is
below the average when compared to other productive species. However, these data are yet to
be confirmed, especially in terms of fecundity (Bard and Imbiriba,1986).

As soon as the eggs hatch, the male—whose color changes to black as a mechanism to
hide and protect the offspring—migrates to flooded forests, where more food is available, e.g.,
fish seeking fruits and insects, which serve as food for the father; and insects and shrimps, for
the offspring (Romero, 1961). Additionally, it is the father who teaches the pirarucu juvenile to
perform aerial breathing, making itself present throughout the first three months of life of the
offspring in flooded forests; following them when they have reached 30-50 cm in length
towards “parand” waterways; and lastly migrating into lakes, where each follows their own
path. Accordingly, if the pirarucu couple dies due to fishing or recurring fights, their entire
offspring have high odds of also not surviving, which makes them highly vulnerable (Castello
etal., 2013).

As previously mentioned, contrary to what it looks, as it is a large-sized animal of
primitive origin, pirarucu grows fast and reproduces early as long as feed is available. Thus,

under normal conditions in nature, it can reach 88 cm in length in its first year of life, 123 cm
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in the second year, 154 cm in the third year, 174 cm in the fourth year, and 188 cm in the fifth
year of life (Isaac et al., 1993; Arantes et al., 2010).

According to the first historical records of pirarucu fishing in the Amazon region found
in the literature, the activity began in the XVIII century, with Arapaima gigas having great
importance among the fish landed at the ports of the region and being marketed mostly in the
form of dry-salted filets (Verissimo, 1895). However, in the 1960s, its intensified fishing
without any weight or size criteria culminated in pressure upon the pirarucu population in the
rivers of the region, resulting in a drastic reduction of their number and in the appearance of
clear signs of overexploitation (Verissimo, 1895; Goulding, 1980; Val and Honczaryk, 1995;
Isaac et al., 1996; Queiroz and Sardinha, 1999; Viana et al., 2007; Sousa et al., 2017).

In this scenario, governmental measures had to be established to regulate the fishing of
pirarucu, thereby preventing its extinction. Some of the measures adopted at the time were: | -
inclusion of the species in appendix 11 of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) as an endangered species whose sale was also
restricted in both exports and imports; Il - inclusion in the list of the International Union for
Conservation of Nature (IUCN), in the category of species with insufficient data; and Il -
establishment of a minimum size for capture (150 cm) and a closed season for reproduction
(December 1st to May 21st) (Ibama, 1991; Ibama, 1996; Sousa et al., 2017).

Additionally, since the end of the 1990s, riverside communities in the Amazon have put
great effort into achieving a better management of pirarucu fishing and thus conserve it for
future generations. This is the case of the Mamiraud Sustainable Development Reserve
(RDSM), which conducts community monitoring of the species, establishing capture quotas for

each fisherman; processing the salted filet to reduce waste; and executing planned sales and
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control of natural stocks by counting the fish via observation at the time they perform aerial
breathing (Viana et al., 2007; Sousa et al., 2017).

Despite the good results generated with projects like RDSM, which in 2011 achieved
the production of 305 t of pirarucu in all areas managed by the Mamiraud Institute, which
reported an increase in both production and number of fishermen registered in the period of
1999 to 2011 (production of 3 t of pirarucu in 1999 and 42 to 961 fishermen), the current
availability of pirarucu per extractive fishing operation does not meet the market demand, which
grows daily (Amaral et al., 2011). Therefore, in addition to the maintenance of conservation-
management strategies in nature, much research has been done on the captive breeding of
pirarucu, which can be a viable alternative to meet the domestic and external market demands
without compromising the native population (Monteiro, 2005).

2.3 CAPTIVE PRODUCTION

Considered a product of high commercial value, the filet is largely consumed in the
northern region of the country and highly appreciated by exporters, which has raised the
overfishing of pirarucu juveniles. This phenomenon has resulted in a reduction of its natural
stock such that pirarucu is the only fish described as endangered by the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) (Ibama, 1991;
Ibama/lara, 1995).

Because the captive breeding of pirarucu is a growing market segment with great
potential, some Brazilian states in partnership with animal protection organizations and
educational/research institutions have encouraged the activity, making it possible to monitor
and preserve natural stocks and consequently prevent the extinction of the species (Brandao et

al., 2008).
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In this context, pirarucu has been strongly implied as one of the native species with
enormous potential for commercial fish farming due to its particular production characteristics
such as high market value; light-colored meat; mild taste and firm texture; excellent meat
quality, without bones; low fat content; great acceptance by the population; hardiness for
handling; adaptation to aerial breathing, which generates optimum tolerance to high ammonia
levels in the water; and high growth rate, reaching up to around 10 kg in the first year of farming
(Imbiriba et al., 1985; Bard and Imbiriba, 1986; Imbiriba, 1991; Carvalho and Nascimento,
1992; Imbiriba, 2001; Cavero et al., 2003; Cavero, 2011; Sousa et al., 2017; Lima et al., 2017).

Oliveira (1944) worked with pirarucu fingerlings from nature by exhaustively studying
breeding methods, aiming to initiate and establish its commercial production in Brazil. In 1939,
in the Emilio Goeldi Museum, located in Belém - PA, the researcher managed to produce adult
specimens in captivity, 19 of which were introduced by Fontenele (1948) at the Fish Farming
Station of Lima Campos in Icé - CE, in 1942. These fish were 1.20-m long and 3 years old, at
the time. In 1944, they were first able to reproduce in captivity, thereby allowing, from that
date, the effective commercial breeding of pirarucu in a closed-cycle farming system.

Today, the most common breeding approach for pirarucu in Brazil is the extensive
system, whereby nurseries have different sizes, reaching yields of 1.7 to 11 t/ha/yr when the
feed source used are low-cost fish described as foragers, e.g., piaba, matupiri, tamuata, which
reproduce naturally in captivity (Imbiriba et al., 1985; Bard and Imbiriba, 1986); or by stocking
them with forage fish in consortia with buffaloes and swine (Carvalho and Nascimento, 1992).
However, pirarucu can also be farmed in semi-intensive and intensive systems.

The intensive farming of pirarucu is subdivided into its life stages, namely,
reproduction, with the choice of couples made by the fish themselves, which later proceed

towards the so-called “pirarucu motels”, where each couple has their own nursery with a depth
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that enables the formation of nests; juvenile, which starts with the removal of the father’s
protection until the feed-training phase and ends when the fish reaches around 10 to 20 cm in
length; growth, the moment when most of the pirarucu are acquired by farmers, who work for
the fish to adapt to our medium and develop, gaining up to around 0.5 to 1.0 kg in weight; and
fattening, when the pirarucu is treated with a high-protein diet aiming at greater weight gain
and feed conversion, ending at around 12 to 18 months of age, with a live weight between 10
and 13 kg (Lima et al., 2017).

Sousa et al. (2017) reported that the pirarucu farmed in Brazil is cultured in four main
systems: net cages with dimensions between 18 and 32 m?; collapsible circular commercial-
grade canvas tanks with varying dimensions, up to 10 m® (in pirarucu breeding, farmers
typically use those measuring 30 to 50 m®); earthen ponds, which are preferably rectangular,
with dimensions ranging from 500 to 10,000 m?, with a water depth of 1.0 to 1.5 m; and canvas-
lined earthen ponds with dimensions between 300 and 500 m? and water depth of 1.00 to 1.20
m.

Lima et al. (2017) stressed that the captive breeding of pirarucu is based on three main
segments: juvenile producers who master assisted reproduction; farmers with fish marketing
goals who produce the fish from the growth to the fattening stages, representing the largest
share in Brazil; and the fish processing industries, which are under expansion in the country. In
2017, the total industrial yield of pirarucu was 4,189,748 kg (BRL 46,422,000.00), with the
North region producing the largest volume, 3,935,178 kg (BRL 42,395,000.00), followed by
the Central-West region, which produced 100,840 kg, corresponding to BRL 1,706,000.00. The
state of Ronddnia was the biggest individual producer of the fish (3,471,264 kg), followed by

Amazonas (108,733 kg) and then Mato Grosso (57,285 kg) (Ibge/Ppm, 2018).
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Scientific data about fresh pirarucu are still sparse, considering that its fishing is still
controlled by IBAMA (Brazilian Institute of Environment and Renewable Natural Resources)
and there are few registered and licensed farms in the country. The existing results are typically
from research done with the product dried and salted clandestinely. However, Oliveira et al.
(2014) investigated 17 specimens of pirarucu from a commercial farm in the city of Manaus -
AM, and found the following contents in the back and belly cuts, respectively: moisture - 79.51
and 77.88%, ash - 0.87 and 0.84%, lipids - 0.62 and 2.49%, protein - 17.56 and 16.10% and
carbohydrate - 1.44 and 2.69%; as well as a pH value of 6.79 and freshness of 6.65 mg N 100

g total volatile basic nitrogen (TVB-N).

3. CONCLUSION

Much remains to be done before the captive breeding of pirarucu can be fully controlled,
especially in terms of feeding and reproduction. Research has, however, been undertaken with
this purpose. This review has demonstrated the importance of pirarucu for the Brazilian fauna
and society, where it has been part of the population’s diet since even before the country was
discovered. Therefore, making information accessible about the said species and seeking
partnerships to further promote research, increasing breeding efficiency, is of paramount
importance so that Arapaima gigas can be appreciated by all without harming its existence in

nature.
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3.2 PIRARUCU: INFLUENCE OF CLIMATE AND AGE ON BIOMETRIC INDICES
OF ANIMALS RAISED IN CAPTIV-ITY
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Abstract - This study aimed to assess the biometric data of pirarucu of different ages from
production tanks during the rainy and dry periods. For this, four harvests were carried out in

two tanks, and five specimens were obtained per harvest/tank, with the animals being 18, 24,
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25, and 30 months old. The animals were slaughtered and processed in a local slaughterhouse
and the following biometric indices obtained: whole weight, total length, abdomen diameter,
head length, head diameter, clean weight, head weight, headless clean weight, spinal weight,
weight of the blankets and their yields, compactness index of the carcass and blanket, and
Kleiber index. There was an interaction between age and climatic period, although only the
clean fish yield was affected by both factors, especially in the rainy period. While total length,
whole weight, and blanket yield compared to the clean fish presented the highest dry season
values. All biometric indices positively correlated with the total length except for the Kleiber
index. It is concluded that the advancing age of the animals influenced the biometric indices,
and the lower the age, the better the Kleiber index and the worse the total length and its corre-
lation with the other indices, while the climate had little influence.

Index terms: Arapaima gigas, age, total length, Kleiber Index, rain.

Introduction
Brazilian aquaculture production increased by 4.9% in 2019, totaling 758,006 t (Medeiros,
2020), although production in midwestern Brazil decreased by 2% compared to 2018 (110,200
t compared to 112,490 t). Nevertheless, Mato Grosso State is among the ten largest fish pro-
ducers in the country (5™ place with 49,400 t), being the 2" largest native fish producer in
Brazil (46,280 t). As for the production of captive pirarucu (Arapaima gigas), there are 3,246
fish farms, with northern Brazil leading by 2,051, followed by the northeast (397), midwest
(381), southeast (342), and the south with 75 fish farms (Carvalho et al., 2020). Furthermore,
pirarucu production is quite notable in Brazil, given that roughly 1,838,569 kg were produced

via aquaculture in 2018 alone, generating R$ 23,639,000.00 (US$ 4,501,723.45) (Ibge, 2018).
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The pirarucu, also called paiche in Peru, is one of the largest freshwater fish in the world and
has an average weight of 125 kg, although several studies have reported it can weigh up to 200
kg and reach 2 to 3 m in length (Nunes, 2011). Moreover, the pirarucu is often described as a
sizeable carnivorous fish found in standing waters and presenting high carcass (~ 60%) and
fillet yields (> 45%) (Imbiriba et al., 1996).

According to the Kdppen classification, the climate is classified as humid or sub-humid tropical
(Am) in northern MT and tropical with dry winter (Aw) in central MT (Alvares et al., 2013).
Hence, these traits lead to the region having abundant freshwater sources; however, its climatic
variations affect fish farming and must be taken into account by the producer to minimize risks
(Tres et al., 2016). Furthermore, climatic factors directly shape aquaculture productivity, espe-
cially concerning the maintenance of primary aquatic ecosystems, and seasonal cycles have
also been described to influence various biological activities, including behavior, nutrition, me-
tabolism, immunity, and reproduction (Bezerra et al., 2013).

However, few studies have described the biometric characteristics (size and weight), yield (car-
cass and cuts), and compactness index (relationship between muscle and fat mass and length)
of freshwater and saltwater fish. Such data is pivotal and can help fish farmers estimate their
productivity and food facilities improve standardization and meet market demand (Luxinger et
al., 2018). Therefore, the present study aimed to evaluate the biometric data, blanket yield, and
feed efficiency of pirarucu produced in excavated tanks during the rainy and dry periods and

the influence of different pirarucu ages.

Materials and Methods
The raw material was obtained from an aquaculture farm and slaughterhouse in Peixoto de

Azevedo (MT), in the Brazilian Amazon. Four harvests were carried out in two culture tanks
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(A and B) in the rainy (Nov/2017 and Jan/2018, respectively for tanks A and B) and dry
(June/2018 and July/2018, respectively for tanks A and B) periods. Throughout the experiment,
five specimens/tank/harvests were collected (N = 20 animals). All fish were male. In the first
harvest of tank A, the animals were 18 months old with a stocking density of 2298 fish ha',
while the fish were 24 months old with a stocking density of 766 fish ha in tank B. Production
was the same for all fish from spawning to slaughter, and the fish were fed in the morning with
85,0 g kg live weight with dry artificial feed for carnivorous fish. All fish were kept in similar-
sized excavated tanks: 6,525 m? (45 m width x 145 m length x 2 m depth in the inlet area of
the renewal water and 3.5 m deep in the deepest area) and 17,980 m® of water.

This study is part of a doctoral study (CAAE 09071018.4.0000.5346, CEP 3.210.927) and all
experiments were performed following the guidelines of the ethics committee of animal exper-
imentation of the Federal University of Santa Maria (UFSM). The animals were obtained with
no interference during production, harvesting, and slaughter.

The meteorological indices of Peixoto de Azevedo (tropical climate) were provided by the Na-
tional Institute of Meteorology (INMET) and the Guarantd do Norte monitoring station in
Viveiro Municipal (09°57'S and 54°53'W, altitude 320 m) given its proximity to the fish farm:
tank A (47.4 km distance, 10°17'57.76"S and longitude 54°56'29.34"W, altitude 342 m) and
tank B (38.1 km distance, 10°14'17"S and 54°56'1"W, altitude 261 m). The mean temperature
(instantaneous, maximum, and minimum), average humidity (instantaneous, maximum, and
minimum), and accumulated rainfall were analyzed.

In each harvest, the fish were collected using a trawl and a tractor on both sides of the tank. The
fish were immediately taken to the slaughterhouse with Municipal Inspection Service (MIS)
located in the fish farm, stunned by ice/water, weighed on a digital scale with a hook (C200,

WeiHeng, Guangzhou, CHN), and measured with a fiberglass tape (Multilit, Parana, BR) to
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obtain the whole weight (WW), total length (TL), abdomen diameter (AD), head length (HL),
and head diameter (HD).

Bleeding was performed by cutting the gills, mechanical descaling using a high-pressure water
jet (Stihl, RE 230, Waiblingen, GER), evisceration, internal and external cleaning using the
water jet, and subsequent weighing to determine the clean weight with the head (CW). Then,
the fish were beheaded and the heads weighed (HW), followed by the headless fish (CWY),
and finally the fins and spinal cord (SC) for subsequent weighing and determination of the
weight of the blankets (BW). Yield calculations were performed according to the equations:
clean fish yield (CFY) = (CW x 100) / WW; headless clean fish yield (HCY) = (CWY x 100) /
WW; blanket yield compared to the whole fish (BWY) = (BY x 100) / WW; blanket yield
compared to the clean fish (BCY) = (BW x 100) / CW; and blanket yield compared to headless
and spineless clean fish (BSCY) = (BW x 100) / (CWY + SC). With these data in hand, the
carcass compactness index (CCI) was calculated using the CWY / (TL-HL) ratio and blanket
compactness index (BCI), BCI = AD / (TL-HL) according to an adapted method of Osdrio et
al. (1998).

To determine feed efficiency, the Kleiber index (KI) was calculated by dividing the average
daily weight gain (DWG) by the average live weight (ALW) (Kleiber, 1936). The DWG was
calculated using the formula: DWG = (WW - WET) / N, being WW the weight at the time of
harvest, WET the weight when the fish entered the fattening tank, and N the number of days in
the tank calculated by the total of months multiplied by 30. The average live weight was calcu-
lated by ALW = (WW + WET) / 270.75) (Heady, 1975).

One-way analysis of variance (ANOVA) and Tukey’s post hoc analysis (p < 0.05) were used
to analyze the biometric indices and K1 data. Data normality was verified by the Shapiro-Wilk

test. Trends were only considered significant when means were different. All statistical analyses
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were performed using Statistica 7.1. A mixed variance analysis model (Quinn & Keough, 2002)
was used to compare the TL between ages and periods. In this model, the age and period were
considered fixed effects and tanks as random effects, considering that the measurements were
performed in two different tanks. Age was used in the model because since it varied between
periods and tanks, the difference in TL can be attributed to it, thus requiring it to be analyzed
to separate the effects. For possible differences between ages pairwise, Tukey’s post hoc test
was used with the p values adjusted for multiple comparisons. As biometric measurements are
expected to be correlated with TL, Person’s correlation coefficient was used to estimate the
correlation between each measurement and the TL. For measurements in cm, the values were
log-transformed to meet the assumption of linearity. For the % metrics, the sine arc transfor-
mation of the root of the proportion was used, and for the other measurements, the data were
not transformed.

As biometric measurements are correlated, individuals with similar measurements tend to pre-
sent similar patterns. This pattern is multivariate and may or may not be affected by certain
factors. Thus, to evaluate whether the set of measurements responds to age and period, a per-
mutational multivariate analysis of variance (PERMANOVA) was used (Anderson, 2001). The
analysis answers whether the similarity matrix based on the measured variables presents a pat-
tern and if it is associated with previously established factors (groups). To generate the similar-
ity matrix, the biometric variables transformed by chi-square (Legendre & Gallagher, 2001)
and the Euclidean distance measure as a similarity index were used. The transformation is nec-
essary because the scale of variation of the measurements is different, and those that have more
significant variation can determine the pattern if transformations are not applied. To graphically

represent the generated pattern, principal coordinate analysis (PCoA) was used in two dimen-
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sions (axes), and the correlation between the PCoA axes and biometric measurements was es-
timated. All analyses were performed in the R environment (R Core, 2019) using the vegan

package (Oksanen et al., 2019). The significance level was set at 0.05.

Results and Discussion

Aiming at a satisfactory CT / IK correlation with better biometric indices, the age of 25 months
in the rainy season was higher compared to the others, thus being the most suitable for slaughter,
however, if not only age is taken into account, but rather the period, the age of 24 months in the
dry season is largely equivalent to the biometric indices. Therefore, it becomes necessary a new
study containing the same ages at different periods so that you can really have a conclusive
result.

The climatic data of the Guarantd do Norte monitoring station (Table 1), whose region is known
for its tropical climate, has average high temperatures throughout the year and varied accumu-
lated rainfall (rainy and dry seasons).

Table 1. Climatic data from the Guarantd do Norte monitoring station obtained via INMET
during the experimental period.

N A B
Climatic factor C1 2 c3 ca
Average  Instantaneous  25.7 24.7 25.0 24.8
Temperature ~ Maximum 26.4 25.5 25.7 25.7
(°C) Minimum 25.1 23.9 24.5 23.9
Average  Instantaneous 83 73 85 64
Humidity Maximum 86 76 88 68
(%) Minimum 80 69 82 59
Accumulated Rainfall (mm)  294.6 0.6 431.8 78.4

A: tank A; B: tank B; C1: rainy season with 18-month-old animals. C2: dry season with 25-
month-old animals. C3: rainy season with 24-month-old animals. C4: dry season with 30-
month-old animals.

Mato Grosso State has high temperatures throughout the year with variations only between the

rainy (November to January, 500-600 mm of rainfall) and dry seasons (June to August, 20-80
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mm of rainfall). Moreover, the data in Table 1 demonstrates the accumulated rainfall and high-
lights an anormal period in July 2018 (tank B, C4) in which a subtropical jet stream from Pata-
gonia caused out-of-season rain (Bittencourt Rosa et al., 2015).

Only HW, DWG, and BCI had no statistical differences (Table 2), whereas TL, WW, CW,
ALW, and BCY presented the highest dry season values. In addition, the HCY increased as age
progressed and Kl decreased. Mixed Analysis of variance (ANOVA) showed a significant dif-
ference in TL between ages but not between periods (age: p < 0.001; period: p = 0.95; Figure
1). Tukey’s test demonstrated that ages 25 and 30 differed from age 18 whereas the mean length
of 25 months (25-18: diff = 15.6; padj = 0.021268) and 30 months (30-18: diff = 25.2; padj =
0.000359) were significantly higher than 18 months.

Table 2. Results of biometric indices of pirarucu (Arapaima gigas) produced in captivity. Re-
sults are expressed as mean + standard deviation.

. A B
Indices c1 c2 C3 C4
TL (cm) 100.6 +3.44>  116.2+1350°  112.8+3.11% 125.8 + 4.49°
AD (cm) 41.2 +5.54° 53.4 +7.16° 51.2 +1.64° 57.4 + 3.85°
HL (cm) 19.6 +1.14° 21.4 +1.82% 22.2 +2.95% 23.8+2.17°
HD (cm) 34.0 £ 1.58° 47.2 +10.52 36.8 £ 1.30° 43.6 +2.07%
WW (kg) 7.69 +1.78° 13.80 + 4.552 11.99 + 1.03%® 15.67 + 2.002
HW (kg) 1.206 +0.068*  1.220+0.339*  1.318 +0.172%  1.450 +0.182°
SC (kg) 1.255+0.161° 2.350+0.702®  2.534+0.222°  2.030 + 0.261°
CW (kg) 6.58 + 1.49° 1158 +353%  10.16 +0.87%® 13.90 + 1.74°
CWY (kg) 5.37 £ 1.44° 10.36 + 3.23% 8.84 + 0.93* 12.45 + 1.58°
BY (kg) 412 +1.31° 8.01+2.79° 7.63 +0.65% 10.42 +1.37°
CFY (%) 85.61 +0.80°  80.27 + 1.40° 84.74 +0.11° 88.73 + 0.60°
HCY (%) 69.49 +2.22° 7567 +8.68%  73.66 + 1.98% 79.45 + 1.07°
BWY (%) 52.87 +3.93¢  57.81+2.97° 63.60 + 0.38? 66.47 +1.75%
BCY (%) 61.77 +4.75°  68.61 + 4.40° 75.06 + 0.35 74.91 + 1.592
BSCY (%) 61.41 + 4.54° 62.63 + 6.78° 67.12 + 1.44%® 71.92 +1.74°
CClI 0.066 +0.016°  0.108 +£0.024*  0.097 £0.006*°  0.122 +0.016°
BCI 0.508 £ 0.058%  0.564 +0.030*  0.566 +0.024®  0.563 + 0.0442
DWG (gd?) 1598 +3.94*  20.15+6.90° 18.24 + 1.63? 18.73 + 2.47°
ALW 2.87 £ 0.46° 4.34 +1.04° 3.95 £ 0.24® 4.79 + 0.44?
KI(gUTM?) 55140432 4,55 + 0.49° 4.61+0.13° 3.90 £ 0.15°
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Values in the same line followed by different letters are significantly different (p < 0.05). A:
tank A; B: tank B. C1.: rainy season with 18-month-old animals. C2: dry period with 25-month-
old animals. C3: rainy season with 24-month-old animals. C4: dry period with 30-month-old
animals. TL: total length. AD: abdomen diameter. HL: head length. HD: head diameter. WW:
whole weight. HW: heads weighed. SC: spinal cord. CW: clean weight with the head. CWY:
headless fish. BY: blanket yield. CFY: clean fish yield. HCY: headless clean fish yield. BWY':
blanket yield compared to the whole fish. BCY: blanket yield compared to the clean fish.
BSCY: blanket yield compared to headless and spineless clean fish. CCI: carcass compactness
index. BCI: blanket compactness index. DWG: average daily weight gain. ALW: average live
weight. KI: Kleiber index.

140

L S

100 - =]

TL (cm)

60 —

20

o] < el o
~ N N ™

Age (months)

Fig. 1. Difference in total length between ages and seasons; white bar = rain; gray bar = dry;
vertical lines = 95% confidence interval.

Regarding the biometric indices of the pirarucu, significant differences were noted primarily
due to the different kinds of production (captivity or extractive), age, weight, and region. There-
fore, better comparisons can be made by matching the age and/or weight of the animals. In this
sense, the specimens must be categorized by life cycle: the pirarucu is described as a juvenile
when it is no longer than 165 cm, sexually immature, and not older than 4 years (Imbiriba et
al., 1996), in addition to being the age most commonly used in aquaculture research (Martins

etal., 2017).
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However, not all studies describe the age of the evaluated specimens, and total length values
may vary significantly. Moreover, this study was only similar to Fogaga et al. (2011) (TL 100.4-
120.0 cm and 18 months of age) and Pinheiro (2014) (TL 108.11-162.42 cm and 13-25 months
of age). Notwithstanding, Martins et al. (2017) also analyzed 18-month-old animals, although
the authors noted much higher TL values (130.0 cm) for the same age reported herein. Adult
pirarucu have long and cylindrical bodies with a flat head whose correlation with the body in
total length is up to 10% (Bezerra et al., 2013), being the head/body ratio more expressive in
juveniles. This was confirmed herein with values of 19.48, 19.68, 18.42, and 18.92% for the
ages of 18, 24, 25, and 30 months, respectively, which were lower than Silva et al. (2012) with
23.02% and Pinheiro (2014) with 22.82, 22.74, 22.63, 22.17, 21.96, and 23.45%.

Regarding industrial yields, the smaller the size and weight of the head, the better, although
such a condition is difficult to work with since the pirarucu is a fish of the order Osteoglossi-
formes and Arapaimidae family (Imbiriba et al., 1996), which causes its head to interfere neg-
atively in efficiency indices. Nonetheless, despite obtaining percentages of 15.89, 8.47, 10.99,
and 9.25% of WW and carcass yield of 69.49, 73.66, 75.67, and 79.45% for 18, 24, 25, and 30
months of age, respectively. The values found in this study were higher than Fogaca et al.
(2011), Silva et al. (2012), and Pinheiro (2014), thus underlining the superior biometric perfor-
mance and production described herein.

Seering (2014) reported head weight percentage of 10.4% and carcass yields of 78.0%, which
are values above and below those presented here. Moreover, pirarucu have high fillet yields
when produced in captivity that range from 50.8% (Seering, 2014), and 65.0% in larger speci-
mens (Imbiriba et al., 1996). Notably, Jesus (2008) observed a variation between fish from

extractive fishing (52.8%) and aquaculture farms (41.4%).
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Measuring the total length proved to be important when aiming to evaluate and improve the
biometric indices of the pirarucu, especially concerning its weight; thus, its correlation should
be calculated. Luxinger et al. (2018) evaluated 96 pirarucu produced in captivity (average body
weight of 9.18 + 0.1 kg and 104 £ 0.3 cm in length) and reported that the TL had a high corre-
lation and percentage of effect, measuring a direct effect of 72.63% and a correlation of 0.85
for the carcass weight. This correlation is well below what we described (0.92), demonstrating
that it has not yet been elucidated and systematized, resulting in disproportionate lines of
growth. This highlights the relevance of investigating the influence of the climate on A. gigas
production, despite still being scarce.

All measurements have a high positive correlation with TL except for KI. Most of the biometric
indices have a high correlation with TL (> 0.61) except for CFY and HCY (Table 3). PER-
MANOVA showed no interaction between age and climatic period in relation to the pirarucu
biometric indices (F1;19 = 2.2559; p = 0.156). However, only age significantly affected the
ordering pattern (age: F1;19 = 27.8814; p = 0.006; period: (F1;19 = 0.706; p = 0.998)), and 18
months is, in general terms, lower than the other ages (Figure 2).

Table 3. The correlation coefficient for total length and other biometric indices of pirarucu
produced in captivity.

Total length
Abdomen diameter 0.90
Head length 0.73
Head diameter 0.71
Whole weight 0.94
Heads weighed 0.71
Spinal cord 0.61
Clean weight with the head 0.93
Clean weight headless fish 0.92
Blanket yield 0.92
Clean fish yield 0.26
Headless clean fish yield 0.33
Blanket yield compared to the whole fish 0.65

Blanket yield compared to the clean fish 0.71
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Blanket yield compared to headless and spineless clean fish 0.71
Carcass compactness index 0.86
Blanket compactness index 0.86

Daily weight gain 0.69
Average live weight 0.95
Kleiber index -0.48
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Fig. 2. Effects of age on the biometric indices of the pirarucu in captivity (circle = 18 months;
triangle = 24 months; cross = 25 months; X = 30 months).

The Kl describes the feed efficiency of the animal without the need to measure the exact amount
of food ingested, which is impossible in fish in an excavated tank. Additionally, KI helps to
identify which specimens have the highest growth efficiency in relation to their body size
(Kleiber, 1936), thus being an important index used in research with fish. As the Kl is calculated
from the average daily gain, which increases as a function of the increase in live weight (Archer
et al., 1999), it is necessary to obtain all this data and correlate it. In this sense, the DWG had
no statistical difference between the months evaluated, whereas ALW and Kl reduced at older
ages and Kl was negatively correlated with TL. In addition, the high KI values suggest that

pirarucu require low energy for body maintenance and therefore grow without additional energy
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costs (Oliveira et al., 2014). This index also emphasizes that there is an ideal age limit to pro-
duce and harvest pirarucu in order not to have high production costs; however, as the HCY was
inversely proportional to the KI, the industrial process proved to be effective at all ages.

There were no statistical differences in DWG between the tanks evaluated despite differences
in stocking density (tank A: 2298 fish ha® and tank B: 766 fish ha). Nonetheless, tank B
maintained close values (18.24 and 18.73 g day™) even with a difference of 5 months of age
between the periods evaluated, while tank A showed the lowest and highest DWG values (15.98
and 20.15 g day™) at 6 months of age between the evaluated periods. This condition may have
occurred since the animals in tank A were much younger when the study began (Oliveira et al.,
2020).

With the exception of KI, all measures showed a high and positive correlation with axis 1 (the
most important when separating ages because it explains 87.4% of the variability). The KI
showed a more significant positive correlation with axis 2 and a negative one with axis 1 (Table
4).

Table 4. Correlations between axis 1 and axis 2 of PCoA for biometric indices of pirarucu in
captivity.

Indi AXxis

naiees PCoAL PCOA2
Total length 0.916 0.209
Abdomen diameter 0.982 0.020
Head length 0.733 0.214
Head diameter 0.776 0.006
Whole weight 0.989 0.090
Heads weighed 0.621 0.607
Spinal cord 0.795 -0.306
Clean weight with the head 0.994 0.116
Clean weight headless fish 0.993 -0.031
Blanket yield 0.996 0.009
Clean fish yield 0.108 0.348
Headless clean fish yield 0.613 -0.580
Blanket yield compared to the whole fish 0.830 -0.263

Blanket yield compared to the clean fish 0.825 -0.019
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Blanket yield compared to headless and spineless clean fish ~ 0.647 0.364
Carcass compactness index 0.985 -0.063

Blanket compactness index 0.987 -0.052

Daily weight gain 0.784 0.459

Average live weight 0.989 0.094

Kleiber index -0.476 0.556

As previously disclosed, the study region has high temperatures throughout the year with vari-
ations only in periods with higher and lower rainfall; therefore, only the clean yield of the pi-
rarucu was affected by the climate, demonstrating higher values in the rainy season. Mairesse
et al. (2005) studied the appearance and technological characteristics of wild and produced Eur-
asian perch fish (Perca fluviatilis (L.) and reported that climatic variations directly influenced
fillet yields and morphometric and color changes in wild specimens, which were higher at
higher water temperatures, thus further corroborating the influence of climate on fish indices.
Furthermore, Oliveira and Val (2017) compared the growth of tambaqui fish (Colossoma
macropomum) and the effects of three climate scenarios predicted by the Intergovernmental
Panel on Climate Change for 2100 and reported that such variations not only increased feed
intake but negatively influenced fish growth, and a 30-day acclimatization period was necessary
to recover blood parameters. Moreover, CCl and Kl are widely used parameters in small rumi-
nant production, although the present study is the first to report such facts in fish and, even
more, in pirarucu. Measuring the compactness index of the carcass and blanket of A. gigas
shows the amount of muscle and fat tissue per unit of length (kg cm™), demonstrating whether
or not there was a better distribution at the evaluated site and helping separate matrices to im-
prove carcass yield (Osério, 1998).

When assessing the CCI of lambs fed with different supplements, Moura et al. (2020) and Souza

et al. (2020) found CCI values of 0.2 kg cm™and 0.20, 0.25, and 0.27 kg cm™, respectively. In
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this context, given the extensive length of the pirarucu and the lack of research using CCI in
fish, we decided to compare the CCI data of lambs aforementioned to pirarucu. For this, it was
necessary to compare the CCI of 30-month-old pirarucu and adjust the denominator to be 58.24
and 57.63% less than Moura et al. (2020) and Souza et al. (2020), respectively, which equals
0.292 and 0.288 kg cm™, thus illustrating the promising CCI that this aquatic species has to

offer.

Conclusions
1. Pirarucu has elevated industrial yield, especially at 24 and 25 months of age, revealing
blanket yield values above 65.0%, as well as good carcass and blanket compactness
indices and high Kleiber Index values demonstrating that the it even needs low energy

for body maintenance and, thus, to obtain its growth without an increase in energy cost.

2. Even though the pirarucu is a teleost fish whose morphological structure includes a pro-
truding head that ends up influencing the biometric indices, this portion of the body

showed less influence on the yield indices when compared to literature data.

3. The pirarucu raised in captivity in the Brazilian Amazon showed that the climate had
little influence on biometric indices, however, the dry season containing 24-month-old
animals had a slight improvement in its indices compared to carcass yield and compac-

tion index of the blanket.

4. Biometric indices were influenced by the advancing age of the animals, and the lower
the age, the better the Kleiber index and the worse the total length and its correlation

with the other indices.
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ABSTRACT

This study aimed to evaluate the influence of age and weight on the physicochemical charac-
teristics of captive-bred pirarucu blankets. Four harvest operations were conduced in two tanks;
five specimens were obtained per harvest per tank, and the animals were 18, 24, 25, and 30
months old. The animals were slaughtered and processed in a local slaughterhouse, and the

blankets cut were characterized in terms of proximate composition, instrumental color, fatty
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acid profile, and lipid nutritional quality indices. The data analyzed for proximate composition
were higher at younger ages, whereas the peak occurred at 25 months for lipid content (2.19 %).
The major fatty acids were C18:1n-9cis (33.53-36.72 %), C16:0 (22.79-26.01 %), C18:2n-6cis
(18.25-19.52 %), and C18:0 (10.65-14.62 %), and the fatty acid profile decreased the older the
animals were except for C17:0, C18:0, C20:1n-9cis, saturated fatty acids, and thrombogenicity
index. The physicochemical characteristics differed in the different ages and weights. Moreo-
ver, there was only a high correlation between fatty acid profile and age. It was possible to
conclude that the age of 24 months with live weight of ~ 10 kg was the most suitable given this
was the change threshold observed in this study.

KEYWORDS

Arapaima gigas; native fish; blanket; proximate composition; color; fatty acid profile; lipid

nutritional quality indices

1. Introduction

Brazil is the 13th largest aquaculture producer (605,000 tons) and the 8th in marine aquaculture
production (528,100 tons), being the leading producers China, India, and Indonesia, respec-
tively. However, the average consumption per capita in Brazil is below the world average (20.3
kg/hab/year) at just 10.5 kg/hab/year (FAO, 2020).

Medeiros (2020) reported that native fish represented 38 % of the total production in Brazilian
aquaculture in 2019 (758,006 tons), being Rondbnia, Mato Grosso, Maranhao, Para, and Ama-
zonas the states that most produced this type of fish. Moreover, Mato Grosso produced 3100
tons of tilapia (Oreochromis niloticus), 46,280 tons of native fish, and 20 tons of other types of
fish in 6668 fish farms, of which 249 were focused on pirarucu production (Carvalho et al.,

2020). According to the Brazilian Institute of Geography and Statistics (IBGE), 1,838 tons of
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pirarucu were produced via aquaculture in 2018, generating over $USD 4,481,157.00
(IBGE/PPM, 2018).

The pirarucu (Arapaima gigas) is a native Amazon species with significant aquaculture poten-
tial given its accelerated growth (10-12 kg per year of cultivation), surpassing the growth of
the tilapia by 500 %, which is the most commonly produced species in Brazil. Furthermore, this
ancient species is known for its high ammonia tolerance because of its pulmonary respiration
and high carcass (60 %) and fillet yields (45 %) that are highly coveted in local cuisine given
the quality, mild flavor, light color, meat texture, and bone-free fillet (Lima et al., 2017).
Several factors, directly and indirectly, influence the chemical composition of pirarucu, includ-
ing intrinsic factors such as genetics, morphology, physiology, age, and bodyweight. Extrinsic
factors include climatic factors, fish diet, production water quality, health, among others (Gun-
ther et al., 2005; Zhu et al., 2005).

Therefore, given the need to provide a high-quality product that complies with food safety
standards, A. gigas must be characterized according to its sensory attributes, proximate compo-
sition, and freshness to guarantee safe consumption (Chytiri et al., 2004).

This characterization is of paramount importance considering the lack of scientific data on fresh
pirarucu, fishing being tightly regulated by public authorities, and scarcity of licensed aquacul-
ture farms in Brazil. At the same time, environmental, sanitary, and water laws still hamper the
growth of fish farming (Carvalho et al., 2020), in addition to most results being obtained from
research based on clandestinely obtained dry-salted fish sold at local public markets and super-
markets (Nunes et al., 2012).

Studies developing products based on fish as raw material are widespread in the literature, and
some authors have recently described pirarucu-based products, including canned and smoked

goods (Bemvindo, 2017) and hamburgers and fresh sausage (Rosa et al., 2020). However, little



68

is known about the characteristics of these raw materials, which may lead to technological loss
due to the lack of standardization and directly interfering with industrial processing activities
at a large scale. Thus, this experiment aimed to evaluate the influence of age and weight on the

physicochemical characteristics of captive-bred pirarucu blankets.

2. Materials and methods

2.1. Obtaining the raw material

The pirarucu (Arapaima gigas) were acquired from a commercial fish farm in Peixoto de
Azevedo (Mato Grosso State, Brazil) (10°14'17” S, 54°56'1”” W) and used as raw material. Four
harvesting operations were carried out in two cultivation tanks in which five speci-
mens/tank/harvest were collected (N = 5 animals per collection, totalling N = 20 animals). The
collected animals were 18, 24, 25, and 30 months old.

Cultivation was carried out in excavated tanks: 6525 m? (45 m wide, 145 m long, and 2 m deep
in the renewal water inlet area and 3.5 m in the deepest area) and 17,980 m? of water, with
renewal. Cultivation was identical for all fish from spawning to slaughter. Fish were fed in the
morning with 85.0 g/kg of live weight with dry artificial feed specific for fattening carnivorous
fish. Trawls were used for fishing and the fish were immediately taken to the local slaughter-
house with a municipal inspection seal (MIS). The animals were then stunned by hypothermia,
bled by gill cutting, and processed to obtain the blankets (Fig. 1). The blankets were placed in
transparent polyethylene packaging suitable for food packaging and vacuum-sealed in an in-
dustrial table top sealer (R. Baido, MG, BR). The packages were then packed in a polystyrene
box with ice (4 °C) and sent to the Meat, Fish, and Derivatives Technology Laboratory
(LabCarPesc) of the Faculty of Nutrition at the Federal University of Mato Grosso and stored

in a cold chamber at 4 °C until laboratory tests.
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Fig. 1. Arapaima gigas processing into blankets. (A) pirarucu after harvesting; (B) pirarucu blankets
and spinal cord; (C1 and C2) pirarucu blanket to be analyzed.

2.1.1. Instrumental color of the pirarucu blanket

The colorimetric analysis of the blankets was performed using a CR-400 colorimeter (Konica
Minolta, Sensing Americas, BR) to measure the L*, a*, and b* in accordance with the CIELab
system. Measurements were performed in triplicate at three different spots per blanket: cranial,
medial, and caudal (N = 6/blanket). Afterward, the blankets were cut and sent for physicochem-

ical analysis.

2.1.2. Proximate composition and caloric value analysis of the pirarucu blanket and adminis-
tered feed

The proximate composition was performed using the analytical procedures describe in (BRA-
SIL, 2011). Protein analysis was performed by the micro-Kjeldahl method using a Toth diges-
tion rack and distillation unit (models 2350.40 and 4250.2, respectively, Piracicaba, SP, BR)
and had a conversion factor of 6.25. Moisture was assessed by placing the pirarucu blankets in
a Solab oven at 105 °C (model SL-120, Piracicaba, SP, BR). Ashes were obtained by incinera-
tion at 550 °C in an SP Labor muffle (model SP1200DM, Presidente Prudente, SP, BR), and

total lipids were acquired in a Soxhlet apparatus (model 044/8/50, Piracicaba, SP, BR) using
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petroleum ether as the extraction solvent. Data for the carbohydrate content were obtained by
calculating the difference as described by Brasil (2003), where carbohydrate = 100 - (lipids +
proteins + moisture + ashes). The caloric values were obtained by the conversion factors, as
mentioned by Brasil (2001), and the samples were weighed on a semi-analytical scale (Edutec
model JKI, Curitiba, PR, BR). Experiments were performed in triplicate for the blankets, while

three fattening feed samples of the same batch were evaluated.

2.1.3. Fatty acid profile

In order to quantitatively determine the fatty acid profile, a cold extraction of the lipids was
performed (Folch et al., 1957). Then, the fatty acid methyl esters (FAMESs) were prepared by
methylating triacylglycerol lipids according to the method proposed by Hartman and Lago
(1973). Then, 0.02 g of fish oil was added to 1 mL of KOH 0.4 mol/L in methanol. The mixture
was placed in a water bath at 100 °C for 10 min, 3.0 mL of an H2SO4 methanol solution (1
mol/L) was added, and the mixture was shaken in a vortex and maintained in a water bath for
10 min at boiling point. Next, 2 mL of hexane was added and the organic phase was collected
and submitted to gas chromatography analysis. The FAMESs were injected into a gas chroma-
tography (Variant Star, 3400CX, Palo Alto, CA, USA) equipped with a flame ionization detec-
tor, and 1 pL of the sample was injected in a split/splitless injector (ratio 20:1). The separation
was done in a gas chromatography column (DB-WAX, J & W Scientific Incorporated, Folson,
CA, USA) (30 m x0.25 mm; 0.25 um of thickness film). The oven temperature began at 50 °C
for 0.5 min, then increased to 180 °C at 15 °C/min, followed by increasing to 220 °C at 2 °C/min
until 230 °C, increasing 20 °C/min, and maintained for 3 min under isothermal conditions. The

detector temperature was set to 230 °C. The FAME retention time was identified by comparing
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with FAME Mix 37 standards (Sigma-Aldrich, St. Louis, MO, USA). For fatty acid identifica-
tion, FAME retention times were compared with FAME standards, and the data were expressed

in their normalized area.

2.1.4. Lipid nutritional quality indices (NQI)

The nutritional quality of the A. gigas blankets was determined according to the atherogenicity
index (Al), thrombogenicity index (T1), and hypocholesterolemic / hypercholesterolemic ratio
(H/H). The Al and TI were performed following Ulbricht and Southgate (1991) with slight
modifications as described by Canto et al. (2015), while the H/H according to Santos-Silva et

al. (2002) using the following calculations (1):

Al'=(C12:0+4xC14:0 + C16 : 0)/(MUFA + n-6 + n-3) TI = (C14: 0 + C16 : 0 + C18 : 0)/(0.5 x MUFA + 0.5 x n-6 + 3 x n-3 + 100 x -

3/n-6) H/H = (C18: 1n-cis9 + C18 : 2n-6 + C20 : 4n-6 + C18 : 3n-3 + C20 : 5n-3 + C22 : 6n-3)/(C14: 0 + C16 : 0) (1)

2.2. Statistical analysis

The proximate composition, caloric values, color parameters, fatty acid profile, and lipid nutri-
tional quality index datasets obtained by the pre-treatment screening were evaluated using one-
way analysis of variance (ANOVA) and Tukey’s post hoc analysis. Trends were only consid-
ered significant when the means were different. Residual normality was verified using the
Shapiro-Wilk test.

For the physicochemical, proximate and fatty acid profile characterization of the pirarucu blan-
ket, the data matrix was divided into two parts: one with the data on the proximate composition
(moisture, ash, protein, lipid, carbohydrates), caloric value and color data (scale L*, a* and b*)
and another with the fatty acid profile and lipid nutritional quality indices. Afterward, the pat-

tern of proximate composition/color and fatty acid profile of the blankets were evaluated using
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multivariate analysis techniques based on the similarity between the objects (blankets) and at-
tributes (variables) through principal coordinate analysis (PCoA). To generate the similarity
matrix (one for proximate composition and color and another for the fatty acid profile), the
variables were transformed using the chi-square method (Legendre and Gallagher, 2001). The
transformation is necessary, as the scale of variation of the measures is different, and those with
greater variation could determine the pattern, if an a priori transformation is not made. Then the
Euclidean distance was used as a similarity index. To graphically represent the generated pat-
tern, the PCoA technique was used in two dimensions (axes), and the correlation between the
PCoA axes and the variables was estimated to assess which variables most contributed to the
formation of the axes. Absolute values greater than 0.70 were of significant contribution. Ad-
ditionally, for the same variables, Pearson’s correlation coefficient (r) was estimated between
the individuals’ age and weight with the proximate composition pattern (PCoA axis 1) and color
of the blankets (PCoA axis 1) to determine which factors had the highest correlation with the
pattern found. The pirarucu blanket fatty acid profile was estimated by Pearson’s correlation
coefficient (r) according to the age of the individuals since the material used was a pool referring
to each harvest and because it was not possible to identify the blankets by the specimen. All
analyses were performed in the R environment (R Core Team, 2019) and using the vegan pack-

age (Oksanen et al., 2019). The level of significance was 0.05.

3. Results and discussion
3.1. Proximate composition and caloric value of the feed
The results obtained for the proximate composition and caloric values of the feed used in the

experiment are shown in Table 1. During the collection periods, the animals received a fattening
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feed. The average protein and lipid values indicated that the amount informed on the commer-
cial label of the feed was higher than the actual values measured. The values found in the la-
boratory for protein and lipid content were 27.56 and 84.17 % lower than on the label, respec-
tively.

Table 1. Analysis of proximate composition (mean values + standard deviations) of the diet provided to

the pirarucu (A. gigas) during the experiment.
Fattening feed

Analysis Sample Label
Moisture (%) 8.60 £ 0.009 max. 10.0
Ashes (%) 9.55 + 0.254 max. 13.0
Protein (%) 38.15+0.191 min. 40.0
Lipids (%) 3.89+£0.034 min. 10.0
Carbohydrates (%) 39.80 +£ 0.355 ND

Caloric value (kcal) 346.86 + 1.152 ND

ND = not determined.

The pirarucu is a carnivorous fish that requires a high protein diet (Kubitza, 2003), given that
diets with low energy to protein ratio induce fish to use more ingested protein for energy, af-
fecting zootechnical performance and causing economic loss (Skalli et al., 2004). Therefore,
the feed protein concentration usually supplied to pirarucu is between 40 and 45 % (Pedroza
Filho et al., 2016), which was not confirmed in this study. This underlines the importance of an
adequate nutritional balance in the feed to achieve good zootechnical growth and decrease pro-
duction costs.

According to Turco et al. (2014), despite the significant water potential of Brazil, feed cost
substantially influence the production costs of fish farms and may vary from 40 to 60 % (Scorvo
Filho et al., 2010) or between 50-55 % (Kubitza, 2004) of total expenditures. Moreover, the
Brazilian Agricultural Research Corporation reported that feed-related costs may even reach

70-80% of total costs (EMBRAPA. Empresa Brasileira de Pesquisa Agropecuéria, 2016). This
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fact is one of the greatest obstacles to advancing aquaculture production in Brazil, especially

aquaculture of native fish, where most producers are small and medium-sized.

3.2. Proximate composition, caloric values, and quality of the pirarucu blanket
The weight gain, proximate composition, and caloric values of the pirarucu blankets are listed
in Table 2. The average weight of the animals increased as they aged, starting at 7.69 and reach-
ing 15.67 kg of whole weight; this condition is supported by Bard and Imbiriba (1986), who
described the pirarucu as a species with a high growth rate, exhibiting good musculature at one
year of age and being 1.50 m long.
Table 2. Results of the proximate composition for a pirarucu blanket from (A. gigas) produced in cap-
tivity. Results expressed as mean + standard deviation.

Age
18 months 24 months 25 months 30 months

Whole weight (kg)  7.69+1.78" 11.99+1.03® 13.80 £4.55* 15.67 + 2.00°
Moisture (%) 80.26 £ 0.42% 80.93+1.41*% 76.87+1.25° 77.34+1.12°

Analysis

Ashes (%) 0.67 £0.02°> 0.70 + 0.05 0.85+0.07* 0.78+0.03%
Protein (%) 14.26 +0.51° 13.52+1.20" 1853+ 1.46* 18.11+0.66°
Lipids (%) 1.16 £0.24* 1.18+0.11*® 2.19+0.86° 0.69+0.14°

Carbohydrates (%)  3.59+0.55* 3.42+0.91% 196 +£1.30°  3.41+1.25%

Caloric value (kcal) 81.57 +3.71¢ 81.74+5.33° 100.27 + 11.91% 91.29 + 2.40°
Values in the same line followed by different letters are significantly different (p<0.05).

In the proximate composition, samples referring to 18 and 24 months of age showed no signif-
icant differences (p < 0.05), which was also observed between 25 and 30 months except for the
average lipid content, showing a large variation among treatments, especially regarding 25- and
30-months-old animals. Higher protein, ash, and caloric values were also noted for 25- and 30-
month-old fish. Nevertheless, higher moisture and carbohydrate values were observed in 18-

and 24-month-old animals.
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There are few studies on the proximate characterization of fresh pirarucu, being the most nota-
ble about pirarucu fillet (Gonzaga Janior, 2010; Fogaca et al., 2011; Santos et al., 2018), loin,
fillet mignon, tail fillet and blanket (Dantas Filho et al., 2021), dorsal, ventral, belly and tail
cuts (Pino-Hernéndez et al., 2020), dorsal and ventral regions (Oliveira et al., 2014), and cross-
section (Martins et al., 2015).

Among these authors, only Fogaca et al. (2011) and Oliveira et al. (2014) described the age of
the animals, being 18 and 12 months old, respectively. Moreover, comparing what was found
by Fogaca et al. (2011) at the same age, 18 months, none of the values observed were similar
to this study. In contrast, we found similar data to Oliveira et al. (2014) for the moisture of the
dorsal region (79.51 % for 18 and 24 months), lipids and ash (0.62 and 0.87 % for 25 and 30
months), and the belly region for moisture and ash (77.88 and 0.84 % for 25 and 30 months).
However, relating the proximate composition of the animals given their weight, the moisture
and protein content corroborate (Dantas Filho et al., 2021), especially for 25-month-old animals
(76.62 and 19.79 %) and moisture with 30-month-old animals (76.10 %), (Fogaca et al., 2011)
for moisture and protein values for 25-month-old animals (77.96 and 19.97 %) and lipids for
30-month-old animals (0.64 %), and (Pino-Hernandez et al., 2020) for moisture, protein and
caloric values with 25-month-old animals (76.18 %, 19.25 % and 98.24 kcal). While even with-
out a description of the age and weight of the animals, Gonzaga Janior (2010) reported similar
values for moisture at 30 months (77.36 %); (Martins et al., 2015) for moisture, lipids, and ash
at 25 months (75.53, 2.60, and 0.86 %), (Santos et al., 2018) for lipids, carbohydrates, and
caloric values of the cranial region of the fillet with 25 months (1.11 %, 1.55 %, and 95.32 kcal)
and moisture with 30 months (78.26 %), moisture and caloric values of the medial and caudal
regions of the fillet with 25 months (76.19 % and 119.01 kcal; 76.52 % and 117.47 kcal). The

lack of correspondence may be due to the type of breeding, place of breeding influenced by
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climate and water quality, source of capture, diet, type of cut, age, sex, and weight of the ani-
mals (Yeannes and Almandos, 2003).

In general, white and bright freshwater fish meat is usually highly coveted and the first param-
eter to be noted by consumers (Knowles et al., 2008). Therefore, when it comes to color analy-
sis, given their large size, each blanket was described as displaying a cranial, medial, and caudal
portion in order to reduce error deviations (Table 3).

Table 3. Results for color analysis of the cranial, medial and caudal portions of the pirarucu blanket (A.
gigas) produced in captivity. Results expressed as mean + standard deviation.

. Age
Analysis 18 months 24 months . 25 months 30 months

Cranial 43.47 +2.345° 54.61+6.208° 50.31+2.933% 53.31 + 2.401°

L*  Medial 42.43+1887° 54.65+6.211° 49.81+3.632% 54.45+ 2.686°
Caudal 42.35+1.315° 61.75+9.0958 52.75+2.542° 56.78 + 1.409%

Cranial 1.62+0420° 6.90+1870°  567+2.326°  1.37 +0.740°

a*  Medial 1.68+0.445°  556+2.023*  7.02+2311°  1.96 + 0.946"

Caudal 3.47+00938® 510+1.704%  629+2.663°  2.52+0.789°

Cranial 0.96+0.719®  2.64+1298°  2.83+1.477%°  0.68 +0.391°

b*  Medial 0.44+0.275° 3.90+1167°  357+0.711*  1.55:+1.248
Caudal 1.02+0.434° 327+1.398  354+1.077° 2.35%1216%

Cranial 154+0.721°  7.56+1.046°  526+3.226°  2.53 +2.779

Ch(rg)ma Medial 1.44+0.454°  7.86+1.923°  6.09+3.124*  3.29 + 2.169°

Caudal 3.20+0561°  7.06+1.727°  581+3.303®  3.98+1.406"
Cranial 24.33+17.533% 24.41+13.655° 24.26+4.483* 22.30 + 14.766°
Hue (h) Medial 14.59 +12.058° 34.46+16.190*° 24.09 + 10.466%° 37.50 + 14.196°
Caudal 13.61+7.056° 31.31+14.935% 27.92+8.192%® 4581 + 5.405°

Values in the same line followed by different letters are significantly different (p<0.05).

The cranial portion of the Hue factor (h) was the only parameter that did not show any statistical
difference (Table 3). The L* parameter of the cranial, medial, and caudal portions and Hue (h)
of the medial and caudal portions were lower at 18 months. Chroma (C) in the cranial, medial,
and caudal portions were lower at 18 and 30 months, indicating a coloration with intensity from

light pink to pale (Pino-Hernandez et al., 2020), as confirmed by the values of the C* (1.44—
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3.20; 2.53-3.98) and H° (13.61-24.33) parameters. In contrast, the results were opposite to each
other for a* and b*, with a* in the cranial and medial portions having higher values at 25 and
24 months and a lower flow rate at 30 months, while the highest cranial and medial portion
values were at 30 months for b* and the highest caudal values at 25 and 24 months.

Bekhit and Faustman (2005) described that these variations in color parameters are closely as-
sociated with the difference in the muscle fiber composition in each portion of the cut. The red
fibers were also described as oxidative and are known to have higher monounsaturated fatty
acid content (MUFA) than white glycolytic fibers, thus increasing b* values (Masniyom et al.,
2013; Utrera et al., 2014). Hence, the medial and caudal portions of the pirarucu blanket are
mainly made up of red fibers, as also noted by Santos et al. (2018) for A. gigas fillets with a
cranial portion value of 8.62 + 0.66, medial portion of 9.37 + 0.93, and flow rate of 11.85 *
1.13 for b*. Pino-Hernandez et al. (2020) had the highest value of b* (21.68) for the ventral
portion of pirarucu, despite being much higher than the values described herein.

In the instrumental color analysis, the L* value relates to the brightness of the sample, which
can vary from 100 to 0, characterizing white and black, respectively (Konica Minolta, 1998).
According to the L* value, the pirarucu blanket proved to be close to the middle (grey) indicat-
ing a reasonable amount of myoglobin (Mb) + hemoglobin (Hb) (Carvalho, 2015). We also
noticed that as the age and size of the animals increased, the samples were lighter (higher L*
values), regardless of the portion analyzed.

The a* coordinate defines the color tone and varies from red (+ a*) to green (-a*), and the b*
coordinate represents the color tone yellow (+ b*) to blue (-b*) (Alves et al., 2008). Hence, the
positive a* values obtained indicate a tendency towards red, even more so the negative b* val-
ues (18 and 30 months at the cranial and medial portions) and positive b* values (18 and 30

months at the caudal portion) indicate a significant variation in the color intensity between light
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and dark yellow. These circumstances suggest that each section of the pirarucu blanket (cranial,
medial, and caudal) has a unique peculiarity that must be studied individually and because 24
and 25 months of age maintained negative and positive b* values, respectively, in all sections.
Furthermore, different lipid concentrations may lead to this situation at each age and because
the blanket cut is characterized by being a larger cut from which come the fillet, loin, and belly
cuts.

Data on the physicochemical profile of pirarucu are scarce and contradictory. Therefore, for
color parameters at the CIELab scale, (Honorato et al., 2015) described approximate values in
L*, a*, and b* for pirarucu fillet, whereas (Pino-Hernandez et al., 2020) reported higher values
in L* (63.36 - 95.01), b* (7.45 - 8.25), H° (130.89) and lower than those described in this study
for a* (-3.85 - (-5.48)), having similarity only in C* (8.40) to the one verified in animals with
24 months of age. Gonzaga Junior (2010) reported a value of 52.09 + 0.73 for L* (cranial sec-
tion at 24, 25, and 30 months) and 1.05 £ 0.39 for b* (medial section at 30 months). Santos et
al. (2018) demonstrated that the medial portion of pirarucu fillet samples showed values similar
to the cranial portion of 25-month-old fish (5.56 + 0.52 in a*) and the cranial portion of pirarucu
fillet with the cranial portion at 24 months (6.10 + 0.56 a*). Furthermore, the importance of
conducting more colorimetric studies to define quality standards in fish and its derivatives is
notorious because this food group currently does not have scales of colorimetric variations me-
diated as quality limits, neither by literature nor Brazilian national (Rezende-de-Souza et al.,
2020). As a major limiting factor for this is the existence of numerous commercialized fish
species, this ends up making it difficult to establish a color standard for this raw material, as it

would be necessary to consider the intrinsic characteristics of each species, as well as other
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variables such as age, slaughter mode, weight, within others. However, these studies are essen-
tial, at least for the main species produced in aquaculture, which makes the data presented in

this article a vital contribution to this.

3.3. Fatty acid profile and lipid nutritional quality indices

Fifteen fatty acids were identified in the pirarucu blanket cut with a predominance of SFA
(40.14-44.10 %), MUFA (35.54-38.64 %), and PUFA (21.55-22.90 %), while the major fatty
acids were oleic acid (33.53-36.72 %), palmitic acid (22.79-26.01 %), linoleic acid (18.25—
19.52 %), and stearic acid (10.65-14.62 %) (Table 4). The profile of the major fatty acids re-
ported herein is similar to different cuts of pirarucu described by Costa (2010), Cortegano et al.
(2017), Martins et al. (2017), Coutinho et al. (2019), and Pino-Hernandez et al. (2020); how-
ever, the order was not exactly the same.

Table 4. Results for the fatty acid profile and lipid nutritional quality indices of the pirarucu blanket (A.
gigas) produced in captivity. Results expressed as mean * standard deviation.

Age
Analysis 18 months 24 months : 25 months 30 months
C12:.0 ND ND ND ND
C14:.0 1.39+£0.0172 1.25 +0.010P 1.19 £ 0.004¢ 1.22 +0.009°
C15:0 3.46 £0.189* 3.16 £0.089* 2.56 +0.039° 2.53+0.097°
C16:0 2430 +0.400°  24.64+0.541° 26.01+0.165° 22.79 + 0.592°
Cl6:1 1.87 +0.106° 1.77 £0.041% 1.59 +0.023° 1.62+0.119°
C17:0 0.15 + 0.005° 0.21 £0.003% 0.22 £ 0.0042 0.22 £ 0.0042
C18:0 10.65 + 0.045° 1259 +£0.096°  13.88+0.657%  14.62 + 0.502?
C18:1n-9cis  35.07+0.126*®  35.31+0.032®  36.72+0.180° 33.53 +1.273"
C18:2n-6¢cis  19.25+0.8482 18.59+0.649*  19.52+0.407*  18.25+0.313%
C20:0 0.19 £ 0.005° 0.21 +0.007° 0.24 £ 0.0072 0.25 +0.0082
C18:3n-6 0.39 £ 0.0042 0.36 + 0.012° 0.39 £ 0.0042 0.38 + 0.007%
C20:1n-9cis 0.26 £ 0.009° 0.33+0.013" 0.33£0.0042 0.39 + 0.005?
C18:3n-3 0.38 £ 0.0042 0.35+0.014° 0.33 +0.002° 0.32 £ 0.003°
C20:3n-6 0.63+£0.015% 0.56 + 0.026° 0.58 + 0.008° 0.55+0.011°
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C20:4n-6 ND ND ND ND

C20:5n-3 0.66 + 0.003" 0.66 + 0.006" 0.64 +0.012° 0.72 £0.0112
C22:6n-3 1.60 + 0.089° 1.47 £ 0.065% 1.30 £ 0.015¢ 1.33 £ 0.001"
SFA 40.14 + 0.618° 42,07 £0.389* 44,10+ 0.779*  41.63 + 0.668™
MUFA 37.20£0.100®  37.42+0.067* 38.64+0.161° 35.54 +1.163"
PUFA 22.90 +0.797¢ 21.99 +0.606*  22.75+0.424*  21.55+0.331*
n-6 20.27 +0.860? 19.51+£0.668*  20.49 +£0.404*  19.18 £0.3272

n-3 2.63 +0.086% 2.48 £ 0.063" 2.26 £ 0.001° 2.37 £0.013
PUFA/SFA 0.57 £ 0.028% 0.52 £ 0.016° 0.52 +0.003" 0.52 +0.009°
n-6/n-3 7.72 £0.535° 7.87 £0.474° 9.05 +0.106* 8.11 +0.135%
n-3/n-6 0.13 +0.009* 0.13+0.007% 0.11 +0.002° 0.12 +0.002%
EPA+DHA 2.25 +0.090% 2.13 £ 0.065% 1.93 +0.021° 2.04 +0.010%
Al 0.50 £ 0.014% 0.50 £ 0.011% 0.50 + 0.002% 0.49 +0.018%

Tl 0.73 £ 0.004° 0.79 £0.012° 0.87 £0.014% 0.83 +0.024°
H/H 2.22 +£0.069* 2.18 £0.053% 2.15 +0.006* 2.26 +0.098%

Values in the same line followed by different letters are significantly different (p<0.05); ND = Not
detected; SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated
fatty acids; EPA = Eicosapentaenoic acid; DHA = Docosahexaenoic acid; Al = atherogenicity index; Tl
= thrombogenicity index; H/H = hypocholesterolemic / hypercholesterolemic.

A statistical difference was found for most of the analyzed fatty acids, and it was possible to
verify a decrease in the fatty acid profile as animals got older except for C17:0, C18:0, C20:1n-
9cis, SFA, and TI. In contrast, the nutritional lipid quality indices differed between ages regard-
ing the parameters of SFA, MUFA, n-3, PUFA/SFA, n-6/n-3, n-3/n-6, EPA + DHA, and TI,
but not for PUFA, n-6, Al, and H/H. (Savay-da-Silva (2015) determined the environmental
parameters and their influence on the physicochemical characterization of cobia (Rachycentron
canadum) from coastal fish farming in offshore and nearshore waters and noted that as the fish
grew and gained weight, the values of LNA, EPA, DHA, myristic acid, palmitic acid, linoleic
acid, oleic acid, and stearic acid increased. Despite n-6/n-3 ratio values (7.72-9.05 %) out of
the recommended range for potentially healthy foods — n-6/n-3 ratio < 4.00 (Cortegano et al.,

2017), the results obtained for PUFA/SFA (0.52-0.57 %), Al (0.49-0.50), T1 (0.73-0.87), and
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H/H (2.15-2.26) describe that the pirarucu blanket cut has a high quality lipid fraction
(PUFA/SFA values > 0.45, Al and T1 < 1.0, and H/H > 1.0) (DSSS. Departamento de Seguranca
Social e da Saude. Department of Health and Social Security., 1994; Turan et al., 2007). Fur-
thermore, Bentes et al. (2009) reported that low Al and TI values provide beneficial effects
against coronary heart disease as they inhibit platelet aggregation (Ulbricht and Southgate,
1991; Tonial et al., 2010; Fernandes et al., 2014) suggested that high H/H ratio values improve
cholesterol metabolism. The low EPA + DHA values found in the pirarucu blankets (1.93—
2.25 %) contradict the data reported by Wang et al. (2010) and Pino-Hernandez et al. (2020) in
pirarucu fillet (8.6 and 15.37-21.10 %, respectively), who described that this cut is not a source
of omega-3 fatty acids (WHO. World Health Organization, 2015). Nonetheless, Chang et al.
(2005) reported that (PUFA + MUFA)/SFA ratio below 3 is a prerequisite for maintaining a
low plasma and hepatic cholesterol concentration. In this sense, having observed values of 1.50,
1.41, 1.39, and 1.37 for 18-, 24-, 25- and 30-month-old animals, respectively, it is reiterated
that Arapaima gigas is a raw material of good lipid quality, and increasing its consumption

tends to provide consumers with numerous health benefits.

3.4. Result of the correlation analysis between age and weight

According to the literature, the chemical components that most vary in fish are protein (Rueda-
Lopez et al., 2011), lipids (L6pez et al., 2009), and carbohydrates (Higgs et al., 2009). Proteins
and lipids are conversely correlated, given that as fish age and weight increase, lipids levels
increase and protein content decrease (Dumas et al., 2007).

In this study, we observed that the first two PCoA axes explained 89.5% of the variability for
the fatty acid profile and lipid quality index, with axis 1 explaining 71.49% and axis 2 explain-

ing 18.08%. Axis 1 separated the ages, showing that 24 months is an intermediate period in the
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parameters analyzed, and above, there was a decrease in values with a negative correlation with
axis 1, such as C15:0 and C22:6n-3 (Table 5 and Fig. 2).

Table 5. Correlations between PCoA axes 1 and 2 for the fatty acid profile and fatty lipid nutritional
quality indices of the pirarucu blanket bred in captivity.

Analvsi AXes
natysts PCOAL PCOA2
C14:0 085442 046042
C15:0 096011 0.14008
C16:0 039702 -0.67624
C16:1 080919  0.40989
C17:0 0.87306 0.17224
C18:0 0.92251 0.35653
C18.1n-9cis  -0.64529  -0.49845
C18:3n-3  -091149  0.28527
C18:3n-6 029000  0.57261
C20:0 0.91552 0.22335
C20:1n-9cis  0.76124 0.53940
C20:3n-6 078206  0.15158
C20:5n-3  0.08671 0.97805
C22:6n-3 091334 0.32320
SFA 0.83224 0.21221
MUFA 077525  -0.37424
n-3 083106 0.52600
PUFA/SFA  -071900  0.41052
n-6/n-3 063570  -0.27379
n-3/n-6 063080  0.64619
EPA+DHA  -080156 055302
7| 0.96297 0.13244

SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids;
EPA = Eicosapentaenoic acid; DHA = Docosahexaenoic acid; Tl = thrombogenicity index.
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Fig. 2. Effects of the age of the animals and weight on the fatty acid profile and lipid nutritional quality
indices of the pirarucu blanket bred in captivity (circle = 18 months; triangle = 24 months; cross = 25
months; X = 30 months).

Considering the proximate composition and color, the first two PCoA axes explained approxi-
mately 60 % of the variability. Axis 1 contributed with 41.13 % of the explanation and separated
the age groups 18- and 25-month-old animals from the 24- and 30-month-old ones (Fig. 3). The
correlations with axis 1 were high and negative for the parameters related to color, mainly a*,
b*, and C, which implies that ages 18 and 25 months have higher values for the variables that
showed a negative correlation with axis 1, while ages 24 and 30 months have lower values for
those with a negative correlation with axis 1 (Table 6). The correlation for the analyses of prox-

imate composition/color and fatty acid profile (axis 1 from PCoAs) in relation to age and weight
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variation is shown in Table 7. No correlation between age and weight for composition e color
was found. The correlation between fatty acid profile with age was high. There are few studies
on correlations with fish age, although some authors have analyzed different fish weight clas-
ses; however, most studies are related to age correlation with zootechnical performance such as
growth and weight gain (Fogaga et al., 2011; Pinheiro, 2014; Martins et al., 2017). The chemical

composition and fatty acid profile were evaluated and revealed few similarities and diver-

gences.
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Fig. 3. Effects of the age of the animals and weight on the proximate composition and color analysis of
the pirarucu blanket bred in captivity (circle = 18 months; triangle = 24 months; cross = 25 months; X
= 30 months).

Table 6. Correlations between PCoA axes 1 and 2 for the proximate composition and color analysis of
the pirarucu blanket bred in captivity.

Analvsi AXes
nalysts PCOAL PCOA2
Moisture 0.65231 -0.42146
Ashes 0.56619 -0.37454
Protein 0.60031 -0.20451
Lipids -0.45772 -0.53201
Carbohydrates 0.34025 -0.21302
Caloric value 0.27346 -0.42001
L* Cranial 0.55450 -0.10850
L* Medial 0.50581 0.08339
L* Caudal 0.10522 0.19907
a* Cranial -0.87956 -0.17911
a* Medial -0.89040 -0.21484
a* Caudal -0.68522 -0.58520
b* Cranial -0.73790 -0.35443
b* Medial -0.91181 0.20056
b* Caudal -0.79801 0.29023
C Cranial -0.89402 -0.22290
C Medial -0.96381 -0.11837
C Caudal -0.82202 -0.38601
h Medial -0.29549 0.64589
h Caudal -0.03516 0.85890

Table 7. The correlation between age and weight with the analyses of proximate composition, color,
fatty acid profile, and lipid nutritional quality indices of the pirarucu blanket bred in an excavated tank.

Analysis PCoA age PCoA weight

Proximate composition + color  r=-0.13, p=0.58 r=-0.23,p=0.33
Fatty acid profile + lipid nutri-
tional quality indices
ND = Not determined.

r=0.91, p<0.001 ND

Souza et al. (1999) evaluated African catfish carcasses (Clarias gariepinus), and Furuya et al.
(2013) studied red-tailed lambari (Astyanax fasciatus), with both studies describing that the

lighter animals had higher moisture and lower lipid content, in addition to higher palmitic acid
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concentrations. Macedo-Viegas et al. (2000) examined matrinxa (Brycon cephalus) and found
that the heavier animals had higher ash concentrations and a tendency for fat accumulation in
larger fish. Souza et al. (2005) studied Nile tilapia (Oreochromis niloticus) and demonstrated
that the lighter fish exhibited higher moisture values and lower protein content.

Nevertheless, the same authors described different results, including the absence of a significant
difference between the weight and values of moisture, protein, and lipids (Macedo-Viegas et
al., 2000), lipids and ash (Souza et al., 2005), ash (Furuya et al., 2013), and proteins (Souza et
al., 1999). Higher concentrations of DHA, saturated fatty acids, and n-3/n-6 ratio for lighter
animals were also observed (Furuya et al., 2013). Brito (2012) assessed armored catfish (Lori-
cariichthys anus) and only observed a significant difference between lipids as fish weight in-
creased.

The colorimetric profile of the fish is usually conditioned to their diet (quantity and quality),
species, family, lineage, age, size, sex, and region of origin (Torrissen and Naevdal, 1984;
Choubert and Blanc, 1993). Therefore, Souza et al. (2005) corroborate the results described
herein by demonstrating that no significant color variation was observed between the samples
considering the weight classes in Nile tilapia, the most produced scale fish in Brazil. Choubert
et al. (1997) analyzed rainbow trout (Oncorhynchus mykiss) and found that the color of the fish
muscle variad widely from one fish to another, in addition to the effects of the individual being
significant for brightness (L*), chroma (C), and Hue (h) parameters.

Considering the same species, but of different origins, Jankowska et al. (2007) studied culti-
vated and in natura perch (Perca fluviatilis L.) and noted that the meat color of both groups was
determined by similar L* and Hue values. Nonetheless, there were significant differences be-
tween the cultivated and wild specimens regarding a* and b*, with farmed fish having lower a*

values and higher b* values.
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4. Conclusions

Despite the statistical differences between the average results of the physicochemical charac-
teristics evaluated, regarding the different ages and weight of the animals, only the fatty acid
profile showed a high correlation with the age factor. Therefore, to promote the production of
this species and provide consumers and the fish industry with higher quality raw materials, 24-
month-old animals with a live weight of ~10 kg proved to be the most indicated criteria as it
was the threshold of change with the most promising results, including nutritional and meat

quality parameters.
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ABSTRACT

This study aimed to evaluate the freshness and quality of pirarucu blankets at different ages
bred in captivity in excavated tanks in northern Mato Grosso State, Brazil, in different seasons
(rain and dry seasons). Four harvests were performed in two different tanks and five specimens
obtained in each evaluated period, with animals aged 18 and 24 months, respectively, at the
beginning of the experiment. The animals were slaughtered in a local establishment that had an
inspection service following humane standards, and the blankets were later sent to analysis. The
samples were analyzed for freshness via total volatile nitrogenous bases and physicochemical

characteristics were pH in 24 h, water activity, water retention capacity, dripping loss, cooking
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loss, and shear force. There was a statistical difference for total nitrogenous volatile bases and
shear force with higher values in the rainy season (24 month-of-old animals). Additionally, pH
and water activity differed statistically at 24 h in the same period, albeit for 18-month-of-old
animals. It was possible to conclude that climate variation affected the freshness and quality of
the pirarucu blankets while age did not.

Keywords: Arapaima gigas, blanket, rain, total volatile nitrogenous bases, pH in 24 h, water

activity, water retention capacity, dripping loss, cooking loss, shear force.

1. Introduction

Fish have a rich nutritional composition composed of highly digestible proteins and are a known
source of polyunsaturated fats (e.g., omega-3) that help the cardiovascular system, fat-soluble
vitamins A and D, and minerals such as phosphorus, iron, calcium, copper, selenium, and even
iodine in salt-water specimens. Additionally, fish are widely known for having essential amino
acids, including lysine, methionine, and cysteine (Stansby, 1973; Ababouch, 2005; Ruxton,
2011; Sartori and Amancio, 2012).

Notably, fish is a highly perishable food with high water activity, moisture content, and a source
of nutrients. After slaughtering, numerous biochemical changes occur due to the speed of enzy-
matic reactions, triggering the loss of freshness (Gaspar et al., 1997; Leitdo et al., 1997). Ac-
cording to Jesus et al. (2001), one factor associated with accelerated deterioration is cross-con-
tamination due to internal contamination. Given this scenario and to provide a high-quality and
safe product, it is pivotal for raw fish materials to be evaluated for freshness via total volatile
nitrogen bases (TVNB), biogenic amines, and pH. Just as importantly, the physicochemical

characteristics must also be determined, including water activity, water retention capacity, oxi-
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dative stability, and their influence on deterioration rates in fish are used to measure the inten-
sity of the putrefaction process to ensure safe consumption (Chytiri et al., 2004; Andrés-Bello
etal., 2013).

The pirarucu (Arapaima gigas) is the largest scaled fish in northern Mato Grosso State (Brazil)
and inhabits the rivers of the Amazon basin as it prefers slow waters. The meat of this species
is unique (boneless, with mild coloration and flavor, soft, and lean), and due to its condition of
lung breathing, it must be slaughtered by concussion or hypothermia soon after capture (Ono et
al., 2004, Castello, 2008; Ono and Kehdi, 2013).

Several factors, directly and indirectly, influence the productivity of a fish farm, with produc-
tion management, fish morphometry, and region climatology being the most important. Based
on the semi-intensive production system using excavated tanks whose water flow is usually
continuous, properly managing the quality and quantity of this water source is essential in main-
taining an environment conducive to aquaculture. Therefore, the seasons of the year affect fish
farming, and rainfall alters the dynamics of shallow areas by modifying organic and inorganic
material concentrations, heat dissipation, fish feeding habits, water turbidity and transparency,
among others (Landa, 1999; Sipauba-Tavares et al., 2007).

Given the lack of research evaluating the influence of the seasons and the quality of this species,
this study aimed to assess the freshness and physicochemical characteristics of the blanket of
pirarucu of different ages and bred in captivity in excavated tanks during the rainy and dry

seasons of the Amazon basin.

2. Materials and methods

2.1 Obtaining the raw material
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The pirarucu (Arapaima gigas) were obtained from fish farms (Tank A: 10°17'57.76"S and
54°56'29.34"W, altitude 342 m; and Tank B: 10°14'17"S and 54°56'1"W, altitude 261 m) and a
slaughterhouse (10°14'17 "S and 54°56'1"W, altitude 261 m) in Peixoto de Azevedo (Mato
Grosso State, the Amazon region). Four harvests were performed in two excavated tanks and
five specimens/tank/fish were collected, being five animals per collection in the rainy season
(C1) in November/2017 for tank A (T1) and January/2018 for tank B (T2) and five animals in
the dry season (C2) in June/2018 in T1 and July/2018 in T2, totaling 20 animals. The fish were
18, 24, 25, and 30 months old and had a total weight ranging from 7.69 to 15.67 kg and were
1.006 to 1.258 m long. The details of pirarucu fish farming, obtaining, and sending samples are
described in the study published by Rosa et al. (2021), and demonstrated in the supplementary

material.

2.2 Meteorological data

The study region (Peixoto de Azevedo) was founded in 1970 by the federal government through
a colonization and occupation program of the central territory. This region has a peculiar biome
that makes it part of the Brazilian Legal Amazon area that, in 2003, became part of the Amazon
Portal Territory along with 15 other municipalities, such as Guaranta do Norte (Grando, 2014).
The Brazilian Amazon region has a distinctive climate with year-round high temperatures that
vary in the dry (winter) and rainy (summer) periods. Moreover, this region is crucial given its
vast forest areas that participate directly in the regional and global climate, intervening as a
source of heat, humidity, and regulating the rainfall regime of both hemispheres (Castello et al.,
2013).

Throughout the study period, the meteorological data of Peixoto de Azevedo (Kdppen classifi-

cation: humid tropical or sub-humid climate; Am) were provided by the National Institute of
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Meteorology (INMET) by the Automatic Weather Station of Guarantd do Norte installed in the
Municipal Nursery (09°57'S and 54°53'W, altitude 320 m) because of its proximity to the fish
farm (T1: 47.4 km away and T2: 38.1 km away). Among the information measured, we analy-
zed the average temperature (instantaneous, maximum, and minimum), average humidity (ins-

tantaneous, maximum, and minimum), and accumulated rainfall.

2.3 Quality and freshness analysis

The total volatile nitrogenous bases (TVNB) was determined in triplicate using a nitrogen dis-
tiller (model 4250, Thoth, S&o Paulo, Brazil) according to the adapted method of Savay-da-
Silva et al. (2008) and Normative Instruction no. 20 (Brasil, 1999). The pH levels in 24 h were
directly measured in triplicate with a digital potentiometer (mPA-210, MS Tecnopon Instru-
mentation, Sdo Paulo, Brazil) calibrated as described by Pregnolatto and Pregnolatto (1985).

Water retention capacity (WRC) was analyzed using Whatman qualitative filter paper no. 1
(125 mm diameter, 50 x 50 cm acrylic plate, and specific weight of 10 kg) according to Hamm
(1960). Drip loss (DL) was determined by hanging the blanket (100 g) in a net inside inflated
plastic bags for 48 h at 4 °C in a cold chamber (Ramos and Gomide, 2009). Cooking loss (CL)
was performed in a water bath (N1040, Centauro, Sdo Paulo, Brazil) at 85 °C for 1 h (Cason et
al., 1997). The water activity (Aw) was determined by dew-point measurements using a digital
hygrometer (4TE, Aqualab, Sdo Paulo, Brazil) (Rodrigues et al., 2003), and shear force (SF)
was measured with a digital texturometer (TA-XT Plus, Stable Micro Systems, Vienna Court,
UK) equipped with a Thin Warner-Bratzler Blade with V slot programmed as follows (Ocafio-
Higuera et al., 2011): return distance of 50 mm; return speed of 10 m/s; contact force of 5 g;

pre-test speed of 1.0 mm/s; test speed of 2.0 mm/s; post-test speed of 10.0 mm/s; distance of
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20.0 mm; and trigger force of 5 kg. All determinations were performed in triplicate except for

texture analysis (quintuplicate for each replicate).

2.4 Statistical analysis

For the physicochemical quality indices, data sets obtained from pretreatment screening were
evaluated using one-way analysis of variance (ANOVA) and Tukey’s post hoc analysis (p>0.05
significance). Trends were only considered significant where means were different. Data nor-
mality was previously verified using the Shapiro-Wilk test, and all statistical analyses were
performed by Statistica software (version 7.1) (2005).

The effects of age and climate on the freshness and quality of the blankets were evaluated using
multivariate analysis techniques based on the similarity between objects (blankets) and attribu-
tes (variables). The variables were chi-square transformed to generate the similarity matrix (Le-
gendre and Gallagher, 2001), which was necessary because the variation scale of the measure-
ments differed, and those with higher variation could determine the pattern if no transformation
was done a priori. The Euclidean distance was then used as the similarity index.
PERMANOVA (Anderson, 2001) was applied to evaluate the effects of age and climate (rainy
and dry periods). This analysis answers whether the similarity matrix based on the measured
variables presents a pattern and is associated with the previously established factors (age and
period). The pattern was plotted by principal coordinate analysis (PCoA) in two dimensions
(axes), and the correlation between PcoA axes and variables was estimated to assess which
variables contributed the most to axis formation. Absolute values above 0.60 were considered
significant. All analyses were performed in the R environment (R Core Team, 2019) using the

vegan package (Oksanen et al., 2019). The significance level adopted was 0.05.
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3. Materials and methods

3.1 Meteorological data
The climatic data provided by the Guarantd do Norte automatic weather station is listed in Table
1. Temperatures remained high during the entire study period and showed a significant variation
in humidity and accumulated rainfall.
Santos (2000) reported that the rainy period in Mato Grosso State lasts from November to Ja-
nuary (minimum of 500-600 mm of rainfall), and the dry period occurs from June to August
(maximum of 20-80 mm of rainfall). Hence, the data in Table 1 confirm that the accumulated
rainfall reflects the period in question, albeit we removed the days in July 2018 (T2, C2) in
which a subtropical jet stream brought a cold front from Patagonia and caused unseasonable
rain.
Fish are actively affected by climate change because they are heterothermic, varying their me-
tabolism and physiology to adapt to environmental temperature variations (Holbrook et al.,
1997; Thomas and Lennon, 1999). Therefore, the species in the Amazon basin suffer from va-
riations in the air-water relationship (solar radiation), soil leaching and siltation (flooding),
changes in the feeding and nursery areas, low dissolved oxygen levels, and high temperatures
(Val and Almeida-Val, 2008). According to Table 1, the average temperatures in the rainy sea-
son were higher than in the dry season, with maximum temperatures of 26.4 and 25.7 °C and a
minimum of 24.5-25.1 and 23.9 °C, respectively. These findings corroborate the ideal tempe-
rature range described by Cyrino et al. (2004) for tropical species aiming at thermal comfort for
growth and reproduction (25 and 28 °C).
Moreover, research has proven there is a positive correlation between air and water temperatu-
res, while rainfall and water temperatures are inversely correlated (Islam et al., 1974; Miah et

al. 1981; Begum et al., 1989; Nargis and Pramanik, 2008). Nonetheless, Matsuzaki et al. (2004)
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and Millan (2009) reported that water temperatures were higher during the rainy season (sum-
mer) in southern Brazil (S&o Paulo region), showing that the location affects the climatic con-
dition and consequently the chemical composition of fish, which is also influenced by species,
size, and sex of the animal (Guner et al., 1999; Aidos et al., 2002; Shirai et al., 2002; Celik,
2008). Therefore, water temperatures above the critical thermal maximum (e.g., 1 °C) can be
lethal for fish, and this limit may vary from species to species, although it is usually higher in
freshwater species. Alborali (2006) studied rainbow trout in lakes and canals in Italy and repor-
ted that there was no change in fish behavior despite changes in water temperatures (from 11 to

18 °C), albeit oxygen and food consumption sharply increased.

Analysis of freshness and quality of pirarucu

There were no statistical differences for WRC, DL, and CL, while there were statistical diffe-
rences and higher values for TVNB and SF (24-month-old fish) and pH in 24 h and Aw (18-
month-old fish) in the rainy period (Table 2).

The TVNB values (15.43, 10.53, 17.96, and 14.75) and pH in 24 h (6.41, 6.23, 6.13, and 6.20)
were well below the limit established by Brazilian legislation (30 mgN 100g™ and 7.0, respec-
tively) (Brasil, 2017). The period in which the fish is harvested makes all the difference when
analyzing the physicochemical composition and microbiological and nutritional quality. Mo-
reover, the peculiarity of the species and individuality of each specimen (Beiréo et al., 2000;
Savay-da-Silva, 2009; Galvéo, 2011) also play a critical role and interfere in the pH of the fish,
causing it to increase due to the methods of capture, handling, and storage (Ashie et al., 1996;

Bayliss, 1996).
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As shown in Figure 1, there is an interaction between the age of the animals and climate period
of the collections (F1;16 = 2.21; p = 0.104) for freshness and physicochemical composition,
limiting the discussion of the effects of the factors separately (age: F1;16 = 0.54; p = 0.95;
period: F1;16 = 12.21; p = 0.001). Furthermore, it was possible to observe that the freshness
and physicochemical characteristics of the blankets were solely affected by the climate period
(Figure 1).

Axis 1 of the PCoA explained 52.93% of data variability, and this is associated with the inte-
raction between the age and climate period and better separated the groups. It was possible to
observe a positive correlation with axis 1 for some variables, implying that lower ages in rainfall
have higher pH in 24 h, WRC, CL, and Aw values (variables that negatively correlated with
axis 1) (Table 3).

Regarding tenderness, it is known that it is related to the composition of the muscle fibers,
which are separated into three parts: red fibers (superficial part of the muscle in the subdermal
layer), intermediate fibers, and white fibers (occupying over 90% of the muscle fibers and grant
resistance to the fish) (Leitdo et al., 2012). The concentration of each fiber varies according to
the type of cut and fish species, and it can be indirectly quantified through the values obtained
by the CIELab color system.

Data on the physicochemical profile of pirarucu are scarce and contradictory. Honorato et al.
(2014) evaluated 6.0 kg of pirarucu fillet steaks and reported pH values (6.27 + 0.15) that were
similar to the 25- and 30 -months-old pirarucus analyzed herein for the dry season. However,
Seering (2014) characterized pirarucu slaughtered in the rainy period and found pH of 6.53 for
pirarucu numbed in ice water and pH of 6.13 of fish that were not, also being similar to our

findings for 18- and 24-month-old animals. Similarly, Jesus (2008) reported TVNB values of
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15.38 mgN 100g* for pirarucu belly, which is near our data for the rainy period and 18-month-
old animals.

In the other parameters, most authors reported values above those described herein, although
all of them are in accordance with the values required by Brazilian legislation for TVNB and
pH levels exception for Jesus (2008) in pirarucu belly (7.20). These high values, especially
WRC and SF, may be associated with the origin of the raw material, which comes from older

specimens and/or those that suffered stress during processing.

4. Conclusions
The climatic variation influenced the freshness and physicochemical characteristics of the pi-
rarucu blanket, while the age of the pirarucu did not. Higher total volatile nitrogenous bases,
shear force, pH in 24 h, and water activity were obtained in the rainy period, albeit all parame-
ters remained within limits mandated by Brazilian legislation, therefore proving that pirarucu
blankets are a safe food. This condition can be justified since the animals were younger and
there are reports in the literature of higher moisture and protein values in the muscles of young
fish, in addition to the fact that the rainy season provides the increase in volume and water

renewal that can cause changes in the water quality parameters of the excavated tank.
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Table 1

Climatic data from the Guaranta do Norte automatic weather station during the experimental period.

T1 T2
Climate factor
C1 C2 C1 C2
Instant 25.7 24.7 25.0 24.8
Mean Tem-
Maximum 26.4 25.5 25.7 25.7
perature (°C)
Minimum 25.1 23.9 24.5 23.9
Instant 83 73 85 64
Mean Humi-
Maximum 86 76 88 68
Minimum 80 69 82 59
Accumulated rainfall (mm)  294.6 0.6 431.8 78.4

T1=tank A; T2 = tank B; C1 = rainy season; C2 = dry season.

Table 2

Physicochemical analysis of the blanket of pirarucu (A. gigas) bred in captivity. Results are expressed

as mean * standard deviation.

T1
Analysis C1 C2 C1 Cc2
Al A3 A2 A4
TVNB (mgN 100g?) 15.43 +£1.1896° 10.53 +1.8621° 17.96+1.1518%  14.75 + 2.3554"
pH in 24 h 6.41 +£0.1263? 6.23 +0.1393° 6.13 £ 0.1401° 6.20 + 0.0936"
WRC (%) 65.91 +2.2877*  64.19+ 0.8261* 66.72+ 3.2035* 62.00 £ 1.1120?
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DL (%) 3.61 +£0.3807% 3.20 £ 0.4287¢ 3.25 +£0.9912% 3.36 £ 0.6874*

CL (%) 17.41+£0.7854*  15.78 +£0.9294*  18.01 +1.4876* 16.68 + 1.0047°
Aw 0.9947 £ 0.0012®  0.9913 + 0.0014"> 0.9924 + 0.0011° 0.9908 + 0.0009°

SF (N) 2.903 £ 0.5909® 3.108 £ 0.4493*  3.587 +0.8267*°  2.806 + 0.2191°

Values in the same line followed by different letters are significantly different (p<0.05). T1 = tank A;
T2 =tank B; C1 = rainy season; C2 = dry season; Al = 18 months old; A2 = 24 months old; A3 = 25
months old; A4 = 30 months old; TVNB = total volatile nitrogenous base; WRC = water retention ca-
pacity; DL = weight loss by dripping; CL = weight loss by cooking; Aw = water activity; SF = shear

force.

Table 3
Correlations between axes 1 and 2 of the PCoA for freshness and quality analysis of blanket of pirarucu

bred in captivity.

AXxes

Analysis
PCoAl PCoA2
TVNB 0.98585  -0.00287
pH in 24 h -0.64847  -0.22034
WRC -0.92852  0.228328
DL 0.189077  -0.31319
CL -0.09234 -0.7382
Aw -0.79009  -0.16369
SF 0.042131  0.862495

TVNB = total volatile nitrogenous base; WRC = water retention capacity; DL = weight loss by dripping;

CL = weight loss by cooking; Aw = water activity; SF = shear force.
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Figure 1. Effect of the age of the animals and the climatic period of the harvests on the freshness and
physicochemical composition of the pirarucu blankets of the fish raised in captivity (circle = 18 months;
triangle = 24 months; cross = 25 months; X = 30 months. Dotted polygon = rainy season; solid polygon
= dry season). TVBN= total volatile base nitrogen; WRC= Water Retention Capacity; WA = Water

Activity; CL = weight loss by cooking; DL = weight loss by dripping.
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PROXIMATE COMPOSITION AND COLLAGEN CONTENT IN SKIN, MUSCLE AND
SCALE OF PIRARUCU WITH DIFFERENT AGE IN THE FACE OF CLIMATIC VARIA-

TION. The objective was to quantify the collagen present in the skin, muscle and scale of the

pirarucu raised in captivity and to evaluate if there is interference of age and climatic variation
on it. The skin and muscle samples were carried out in two different tanks, obtaining 5 animals
per harvest per climatic period, tank A with the fishes were 18 months old (C1) and 25 months
old (C2); tank B with 24 months of age (C3) and 30 months of age (C4). The scale samples
come from 4 animals with 24 months of age from a third tank. The samples were characterized
for their proximate composition and amount of total collagen by colorimetry in a UV / VIS
spectrophotometer. There was a higher moisture and protein value for muscle in the rainy and
dry seasons, respectively. It was found a lower value for moisture, lipids and collagen in the
scales and a low correlation between the amount of collagen and proximate composition in the

pirarucu samples. It is concluded that pirarucu has an elevated concentration of collagen in its
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muscle, skin and scale, which is directly related to its high protein value, but that it does not
vary due to the increase in the age of the animal or the season of the year.

Keywords: Arapaima gigas; fish farming; tropical climate; moisture; hydroxyproline.

INTRODUCAO

O colageno é uma proteina abundante em animais multicelulares, sendo encontrado em
0rgdos vitais e tecidos vivos, principalmente no tecido conjuntivo, proporcionando resisténcia,
elasticidade, estrutura, além de participar da morfogénese e do metabolismo celular de novos
tecidos.!? Apresenta distribuicdo ampla estando presente na pele, misculos, tenddes, cartila-
gens, 0ssos, dentes, cornea, vasos sanguineos, escamas e espinhaco de animais vertebrados?,
tendo sua presenca relatada também em invertebrados tais como medusas, lulas, pepinos-do-
mar, corais e anémonas-do-mar.*®

Existem cerca de 29 tipos de colageno’ compostos de uma sequéncia de 20 aminoaci-
dos®, dos quais trés deles sd0 mais importantes e abundantes, sendo eles a glicina (representando
33,4% do total), prolina e hidroxiprolina. Entretanto, estudos recentes descrevem a hidroxipro-
lina como participante de 11,3% do peso total do colageno tipo I, 12,9% do tipo I, 15,0% do
tipo 111 e 14,3% do tipo I1V®, por isso 0 mesmo é usualmente utilizado como marcador analitico
na quantificacdo de colageno e gelatina.'”

As fontes usuais de colageno na industria sdo pele e 0ssos de bovinos, suinos e aves.
Contudo, o risco de transmissdo de zoonoses tal como a encefalopatia espongiforme bovinal?,
assim como restrigdes éticas, sociais e religiosas!?*? e disponibilidade, fizeram com que novos
materiais fossem estudados como fontes alternativas de colageno. Dessa forma o pescado, de
agua doce e salgada, através da sua pele, escamas, 0ssos e barbatanas tem-se tornado atualmente
uma fonte proeminente.!4+%

O pirarucu (Arapaima gigas) € um peixe dulcicola de &guas Iénticas e quentes encon-
trado na regido da Amazonia brasileira e venezuelana descrito como o0 maior pescado de escama
do mundo??? possuindo um peso médio ao abate de +10,0 kg com 18 meses de idade, quando

proveniente de piscicultura?®2?*, e apresentar altos indices de rendimentos industriais com
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60,1%%, 66,2%% e 78,0% de rendimento de carcaca®’ e média a baixa producéo de residuos —
6,0% em visceras, 9,0% pele com escama e 15,5% em espinhago.?

No Brasil o A. gigas alcancou producéo total de 1.838.539 kg em 2018%° e com isso
produziu 110.312,34 kg de visceras,165.468,51 kg de pele com escama e 284.973,55 kg de
espinhaco, que séo considerados residuos ndo utilizados. Assim, trabalhos que proporcionem
um reaproveitamento dos residuos organicos sdo importantes para a industria da pesca como
para o0 meio ambiente3°. Como consequéncia o objetivo do trabalho foi determinar a quantidade
de colageno em diferentes estruturas do pirarucu com idades distintas expostos a variacao cli-

matica.

PARTE EXPERIMENTAL

Obtenc¢ado da Matéria-prima

A matéria-prima composta por pele, misculo e escama de Arapaima gigas foi adquirida
em uma Piscicultura e matadouro-frigorifico localizados em Peixoto de Azevedo/MT, regido
do Portal da Amaz6nia, que possuem sistema de inspecdo municipal (SIM) constituido e regu-
lamentado pelo Sistema Unificado de Atencédo a Sanidade Agropecuaria (SUASA) para produ-
cao e comercializagcdo em todo o estado de Mato Grosso, Brasil.

As amostras de pele e misculo foram provenientes dos mesmos espécimes citados no
estudo realizado por Rosa et al.3* onde realizou-se quatro despescas em dois tanques diferentes
(tanque A e B), obtendo-se 5 animais por despesca por periodo climatico, sendo que no primeiro
tanque continha cerca de 1.500 peixes 0s quais possuiam 18 meses de idade (C1) e 25 meses
de idade (C2); no segundo cerca de 500 peixes com 24 meses de idade (C3) e 30 meses de idade
(C4).

Ja as amostras de escamas foram provenientes de 4 animais (N = 4) contendo 24 meses
de idade advindos da despesca em novembro/2018 no tanque C (T3) no periodo da chuva com
caracteristica de densidade igual ao tanque B (T2) possuindo mesma criacdo dos animais do
tanque A e B.

O abate seguiu da seguinte forma: inicialmente os peixes passaram pelo processo de
insensibilizacdo por choque de agua com gelo e abate por sangria e, em seguida foram proces-
sados para obtencdo de mantas (descamagao mecéanica com o uso de jato de agua de alta pressédo
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da marca Stihl - modelo RE 230 (Sao Leopoldo, RS, BR), evisceracdo, descabecamento, reti-
rada de nadadeiras e manteamento bilateral com retirada do espinhago central). Cada peixe teve
suas mantas contendo pele colocadas em embalagens plasticas de polietileno transparente, pro-
prias para alimentos as quais foram fechadas a vacuo em seladora de mesa industrial da marca
R Baido (Minas Gerais, BR). Utilizou-se do mesmo processo para as escamas. Em seguida, as
embalagens foram acondicionadas em caixa de isopor com gelo (x4 °C) e logo direcionadas ao
Laboratorio de Tecnologia de Carnes, Pescado e Derivados (LabCarPesc), da Faculdade de
Ciéncia e Tecnologia de Alimentos, Universidade Federal de Mato Grosso (UFMT) do campus

Cuiabd — MT, onde foram estocadas em camara fria overnight com temperatura de 4 °C.

Dados climaticos

Durante todo o periodo de estudo, obteve-se os indices meteoroldgicos do municipio de
Peixoto de Azevedo/MT - clima tropical - através dos dados cedidos pelo Instituto Nacional de
Meteorologia (INMET) pela Estacdo Automatica de Guarantd do Norte instalada no Viveiro
Municipal (altitude 320 m, latitude 09°57'S e longitude 54°53'W) em vista da proximidade
dessa estacdo com a piscicultura onde as coletas foram realizadas — Tanque A (47,4 km de
distancia, altitude 342m, latitude 10°17'57.76"S e longitude 54°56'29.34"W); Tanque B (38,1
km de distancia, altitude 261 m, latitude 10°14'17"S e longitude 54°56'1"W); e Tanque C (45,0
km de distancia, altitude 267m, latitude 10°14'51"S e longitude 54°56'22"W). Dentre as infor-
macdes mensuradas foi possivel analisar: temperatura média (instantanea, maxima e minima);

umidade média (instantanea, maxima e minima); e acumulado de chuva.

Anélise centesimal da pele, musculo e escama

A analise de proteina foi realizada através do método de micro-Kjeldahl através do
bloco digestor Thoth modelo 2350.40 (Piracicaba, SP, BR) e do destilador de mesma marca
(modelo 4250.2) utilizando de fator de correcéo de 6,25; umidade em estufa a 105 °C da marca
Solab modelo SL-120 (Piracicaba, SP, BR); cinzas por incinerac¢do a 550 °C em mufla da marca
SPLabor modelo SP1200DM (Presidente Prudente, SP, BR); e lipidios totais em aparelho de
Soxhlet da marca Marconi modelo MA 044/8/50 (Piracicaba, SP, BR), utilizando-se o éter de

petréleo como solvente extrator, todos conforme descrito por Brasil.>2 Todas as amostras foram
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pesadas em balanca analitica da marca Edutec modelo JKI (Curitiba, PR, BR) e as determina-
¢Oes foram realizadas em triplicata utilizando-se dos dados em base seca para proteina e lipidios

totais.

Quantificacao de colageno total da pele, musculo e escama de pirarucu

A concentracdo de colageno foi determinada de acordo com o método NMKL (no. 127:
2, 2002)% para hidroxiprolina total descrito por Kolar®* usando uma determinagéo colorimétrica
como uma medida de coldgeno em carnes e produtos carneos com leitura em espectrofotbmetro
UV / VIS da BEL Engineering S.R.L. modelo UV-M51 (Piracicaba, SP, BR) em 558 nm cuja
curva de calibragdo obtida foi y = 0,0792x - 0,0087; R? = 0,9931 multiplicando o fator 8,0 para

quantificar o colageno total.

Andlise estatistica

Para a composicao centesimal e os conjuntos de dados de contetdo de colageno obtidos,
a triagem preé-tratamento foi avaliada usando a analise de variancia unilateral (ANOVA) e a
analise post hoc da Tukey no nivel de significancia (p <0,05), as tendéncias foram consideradas
significativas apenas quando as medias foram diferentes; antes, a normalidade dos dados foi
verificada pelo teste de Shapiro-wilk. Todas as anlises estatisticas foram realizadas usando o
programa Statistica versdo 7.1.%

Utilizou-se o coeficiente de correlacdo de Person para estimar a correlacdo entre as por-
centagens de umidade, cinzas, proteinas e lipideos com a quantidade de coldgeno no musculo
e na pele.

Para comparar a quantidade de colageno (mg g™) entre partes do animal (pele e mus-
culo) idades e periodos utilizou-se um modelo misto de anélise de variancia.®® Neste modelo
parte do corpo, idade e periodos foram considerados como efeito fixo tanque como aleatorio,
considerando que as medidas foram realizadas em dois tanques diferentes. A idade foi usada
no modelo, pois como ela variou entre as periodos e tanques, a diferenca no colageno poderia
ser atribuida a ela, portanto foi analisada para separar os efeitos.

As andlises foram realizadas no ambiente R.3” O nivel de significancia adotado foi de 0,05.

RESULTADOS E DISCUSSAO
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A Tabela 1 demonstrou que houve maior valor de umidade e proteina para musculo no
periodo da chuva e seca, respectivamente. Ao passo que o teor de lipideo encontrado em peles
foi superior ao constatado nas outras amostras analisadas, provavelmente devido a disposi¢édo
da gordura do pescado estar principalmente na pele, conforme indicado na literatura.

Tabela 1. Composicao centesimal e coladgeno total em pele e musculo de pirarucu (A. gigas)

cultivado em cativeiro com diferentes idades e frente a variacéo climatica.

Amostra Analise " e
C1 C2 C3 C4
Umidade (%) 80,26+0,42%  76,87+1,25°  80,93+1,41*  77,34+1,12°
Cinzas (%) 0,67+£0,02° 0,850,072  0,70+0,05°°  0,78+0,03%
Mdsculo Proteina (%) 14,26+0,51°  18,53+1,46°  13,52+1,20°  18,11+0,66°
Lipideos (%) 1,16+0,24° 2,19+0,86° 1,18+0,11° 0,69+0,14°
Colageno (%) 1,36+0,07* 1,440,032 1,120,022 1,360,042
Umidade (%) 63,95+0,90°  64,44+0,74*  64,26+1,02*  63,19+1,15°
Cinzas (%) 0,71#0,06°  0,65+0,05®  0,68+0,06% 0,61+0,02°
Pele Proteina (%) 32,51+0,91*  30,24+0,73°  29,64+1,13°  30,59+0,83°
Lipideos (%) 5,44+1,29%  6,34+1,43? 6,40+1,142 6,26+0,972
Colageno (%) 13,44+0,41°  14,08+0,43°  15,20+0,36%  17,92+0,44%

Nota: Os dados sdo expressos como média das repeticdes + desvio padrdo. Os valores na
mesma linha seguidos por letras diferentes sdo significativamente diferentes (p <0,05). T1 =
Tanque A; T2 = Tanque B; C1 = periodo chuvoso e animais com 18 meses de idade; C2 =
periodo de seca e animais com 25 meses de idade; C3 = periodo chuvoso e animais com 24

meses; C4 = periodo de seca e animais com 30 meses de idade.

Diversos autores caracterizaram a carne de pirarucu quanto a sua composicao centesi-
mal, entretanto ndo utilizaram o mesmo corte deste estudo, sendo possivel obter resultados re-
ferente a diferentes partes do mesmo tais como: filé de pirarucu?®8:39.2340-44 "regifo dorsal e
ventral do pirarucu®#%4¢, regido dorsal, ventral, ventrecha e cauda de pirarucu®’, e corte nfo
especificado de pirarucu.*®

Neste sentido, Carvalho®, Oliveira et al.,*®, Maciel et al.,*!, Oliveira,? e Santos et al.,*

relataram valores mais aproximados aos dos resultados obtidos neste trabalho (80,4% umidade,
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18,0% proteina, 0,4% lipidios e 0,7% cinzas)®, (dorso: 79,51 + 0,52% umidade, 17,56 + 0,12%
proteina, 0,62 £+ 0,02% lipidios e 0,87 + 0,06% cinzas; ventre: 77,88 + 0,53% umidade, 16,10
+ 0,37% proteina, 2,49 + 0,03% lipidios e 0,84 + 0,05% cinzas)*, (79,58 + 0,92% umidade,
17,01 + 0,51% proteina, 0,86 + 0,03% lipidios e 0,65 + 0,04% cinzas)*, (dorso: 79,51+ 0,52%
umidade, 17,56 + 0,12% proteina, 0,62 + 0,02% lipidios e 0,87 + 0,06% cinzas; ventre: 77,88
+ 0,53% umidade, 16,10 * 0,37% proteina, 2,49 + 0,03% lipidios e 0,84 + 0,05% cinzas)® e
(regido cranial: 78,26% umidade, 16,52% proteina, 2,56% lipidios e 1,11% cinzas; regido me-
dial: 76,19% umidade, 16,71% proteina, 1,07% lipidios e 1,07% cinzas; regido caudal: 76,52%
umidade, 16,60% proteinas, 5,47% lipidios e 0,95% cinzas)*.

Enquanto que Martins et al.,*? e Freitas e Mattietto* descreveram valor inferior em
umidade e superior em proteina e lipideos. Ao passo que Gonzaga Junior*’, Fogagca et al.,?®
Martins et al.,*° e Coutinho et al.,*® relataram valores maiores para proteina e cinzas. E, Dias?®
descreveu valor maior em cinzas e menor em lipideos, sendo o inverso do relatado por Corte-
gano et al.*®

Todavia, quando se trata da pele de pirarucu existe apenas um trabalho cientifico des-
crito, sendo este realizado por Carpio*® o qual porcionou a pele em ventre, lombo e cauda, sendo
que apenas o valor de proteina da cauda se assemelha ao deste trabalho (31,43%), sendo que
todos os valores de umidade e cinzas estdo abaixo (53,61% e 0,20%, respectivamente) e o de
lipideos acima do constatado neste trabalho (19,27%).

Enquanto que se verificou equivaléncia em umidade para Piaractus brachypomus e
Hypophthalmichthys molitrix (64,30 + 0,89% e 65,30 + 0,08%, respectivamente)®, em cinzas
para Odonus niger (25,03 + 0,45%)°! e em umidade e proteina para Piaractus mesopotamicus
e apenas em proteina para Oreochromis niloticus (67,14%).5

E divergéncia com valores inferiores em umidade, lipideos e cinzas e superiores em
proteina em pele de Pseudoplatystoma sp.;> inferior em umidade, proteina e lipideos em pele
de Niger triggerfish;> superior em umidade e cinzas e inferior em proteina e lipideos em pele
de Protonibea diacanthus ** e Tilapia do Nilo;> superior em umidade e cinzas e inferior em
proteina em pele de Lates niloticus;*® superior em umidade e lipideos e inferior em proteina e
cinzas em pele de Tilapia do Nilo;% superior em proteinas e cinzas e inferior em umidade e

lipideos para pele de Colossoma macropomum;>? superior para umidade e cinzas e inferior para
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lipideos em pele de Tilapia do Nilo e superior para cinzas e inferior para lipideos em pele de
pacu.>?

A composicao quimica do pescado pode variar de acordo com muitos fatores entre eles
espécie, idade, sexo, desenvolvimento e variagdes sazonais.>® Neste sentido, verificou-se incre-
mento nos valores de proteina, cinzas e lipidios e diminuicdo da umidade no periodo da seca
em manta de pirarucu, ao passo que para pele de pirarucu observou-se diferenca estatistica ape-
nas para proteina e cinzas que tiveram seu valor reduzido no mesmo periodo enquanto que tanto
para umidade quanto para lipidios ndo se observou variacéo significativa.

Entretanto, ndo houve diferenca estatistica para colageno total em todas as amostras
(pele e musculo), assim como para lipideos em pele de pirarucu nas diferentes idades frente a
variacdo climatica (chuva e seca) (Tabela 1).

Tais resultados s&o contrarios aos descritos por Rocha et al.,>® que avaliaram a compo-
sicdo centesimal da pele de Phractocephalus hemioliopterus relatando aumento em proteina,
lipidios e cinzas no periodo da seca (42,0 + 0,89% proteina, 3,91 + 1,12% lipidios e 0,67 +
0,13% cinzas) e aumento da umidade no periodo da cheia (61,20 £ 4,47% umidade).

Ao passo que a Tabela 2 relata os resultados da composicédo centesimal e colageno total
em escama de pirarucu onde tem-se menor valor para umidade, lipideos e colageno dentre todas
as amostras analisadas.

Tabela 2. Composi¢do centesimal e colageno total em escama de pirarucu (A. gigas) cultivado

em cativeiro no periodo da chuva.

T3
Amostra Anélise
C3
Umidade (%) 38,85+1,21
Cinzas (%) 32,97+0,74
Escama Proteina (%) 31,97+0,95
Lipideos (%) 0,05+0,01
Coléageno (%) 10,88+0,11

Nota: T3 = Tanque C; C3 = periodo chuvoso e animais com 24 meses.

N&o existe nenhum trabalho publicado para escama de pirarucu, visto isto, tal material

foi comparado com a Tilapia do Nilo onde Vivian® descreveu valores maiores para proteina,
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lipideos e cinzas e menor para umidade, sendo que isso pode ter ocorrido devido a realizacdo
de secagem prévia a 60°C realizada pelo autor, provocando redugdo parcial na umidade; E,
Martins et al.,®* relataram valores maiores em proteina e lipideos e menores em cinzas e umi-
dade, porém os mesmos mantiveram as amostras em temperatura ambiente por 24 horas antes
da andlise, 0 que também pode ter levado a perda de umidade.

Para o colageno total constatou-se valores muito superiores na pele e escama de pirarucu
tal como para proteina, obtendo quase que o dobro do valor encontrado em manta de pirarucu
(Tabelas 1 e 2). Essa maior quantidade de coldgeno na escama, apresenta relacdo com a hidro-
xiapatita, que sdo moléculas ligadas a minerais, que formam estruturas semelhantes a 0ssos,
explica os elevados valores de cinzas encontrados nessas amostras (Tabela 2).5364

Comparando os resultados aqui obtidos em colageno para manta de A. gigas com 0s
relatados em outras espécies, verifica-se uma maior concentracdo em musculo dorsal, ventral e
linha lateral de Pangasianodon gigas,®* ao passo que se tem uma menor concentragio em mus-
culo de Ctenopharyngodon idella, Hypophthalmichthys nobilis, Acipenser baerii e Silurus gla-
nis.% E menor teor de colageno em pele de Nezumia aequalis, Chimaera monstrosa, Etmopte-
rus spp., Galeus spp., Scyliorhinus canicula e Leucoraja naevus.%®

A hidroxiprolina e a prolina desempenham papéis importantes para a estabilidade do
colageno. O conteudo de coldgeno no musculo contribui para a firmeza, que é um fator impor-
tante para determinar a qualidade da carne.®* Morrisey e Fox®’ relataram que o contelido de
hidroxiprolina na carne dos peixes varia de 30 a 98 mg 100g™, dependendo da espécie de peixe.
Em relacdo a concentracdo de coldgeno na escama de pirarucu, nota-se similaridade com o
descrito em Cyprinus carpio,® enquanto que se verificou maior concentragio em Lates calca-
rifer®, Parupeneus heptacanthus’ Oreochromis niloticus’ e diminuicdo em Probarbus julli-
eni.”

Tylingo et al.,”® obtiveram valores de colageno em pele de Salmo salar similares ao
constatado neste trabalho no pirarucu com 24 meses (13,712 +0,0317%); ao passo que Li et
al.,”* relatou para pele de Ictalurus punctatus valor igual ao pirarucu com 25 meses (14,2 +
0,19%); e Gaona>® demonstrou para pele de Piaractus brachypomus valor semelhante ao pira-
rucu com 30 meses de idade (17,86 + 2,91%).
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E, de modo geral ao comparar os valores obtidos em colageno para pele de A. gigas e
outras espécies tem-se que a Cyprinus carpio,®® Hypophthalmichthys molitrix,>® Pseudoplas-
tystoma sp., Piaractus mesopotamicus, Oerochromis niloticus e Colossoma macropomum®?
possuem maior concentragio desse composto enquanto que a Oreochromis niloticus®, Salmo
salar, Clarias gariepinus e Gadus morhua’ possuem menor concentracéo de colageno na pele.
Tais concentragGes de colageno seguem a tendéncia observada em proteina bruta para as mes-
mas porcdes e espécies visto que aquela é a principal estrutura proteica conectiva dos tecidos
dos animais,’* porém tal condicio ndo foi confirmada neste estudo.

Os coeficientes de correlagdo da quantidade de coldgeno com as porcentagens de umi-
dade, cinzas, proteinas e lipideos foram baixos tanto para o0 masculo quanto para a pele e as
porcentagens das varidveis analisadas ndo foram significativamente correlacionadas com o co-
lageno (Tabela 3).

Tabela 3. Correlacédo entre a quantidade de colageno com as porcentagens de umidade, cinzas,

proteinas e lipideos da pele e musculo de pirarucu.

Variavel Musculo Pele
Umidade r=-041,p=0,07 r=0,16,p=0,50
Cinzas r=0,23,p=032 r=0,09 p=0,70
Proteina r=033,p=015 r=0,05p=0,83
Lipidios r=025p=029 r=-0,30,p=0,19

Considerando os tipos de amostras (pele e musculo), idade dos animais e periodo cli-
matico, a quantidade de colageno variou significativamente apenas com o tipo de amostra,
sendo sua quantidade maior na pele. No entanto, ndo houve diferenca com relacdo a idade ou
ao periodo climatico amostrado (Tabela 4 e Figura 1).

Tabela 4. Anélise de Variancia efeito do tipo de amostra (tipo), idade dos animais e periodo

climatico sobre a quantidade de colageno.

Soma dos qua- Graus de liber-  Quadrado mé-

Fonte de Variacéo ) F P
drados dade dio (QM)
(1) Tipo 2987 1 2987 347,271 <0,001
(2) Idade 54 1 54 0,626 0,435

(3) Periodo 14,2 1 14,2 1,655 0,208
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Figura 1. Andlise de Variancia efeito da idade dos animais e periodo climético sobre a quanti-
dade de colageno em pirarucu: a) Descricao da influéncia pelo periodo climatico (chuva e seca);
b) Descricdo da influéncia pela diferenca de idade dos animais (18, 24, 25 e 30 meses).

Além disso, ndo foi verificada influéncia na concentracdo de coldgeno em detrimento
da estacdo do ano nem da idade tanto para 0 musculo quanto para a pele de pirarucu, resultado
que diverge do relatado por Touhata et al.,” que em seu estudo com o mdsculo de Pagrus major
de animais machos e fémeas na regido da Baia de Gokasho no Japédo constatou que ao se apro-
ximar da primavera a concentracdo de colageno aumentava, chegando ao seu apice no ver&o.
Tal condi¢do pode ser advinda do incremento da temperatura da agua que estimula esta espécie
a produzir mais coldgeno obtendo mais firmeza na musculatura, auxiliando, assim na migracéo

para fins de reproducéo.

CONLUSAO
O pirarucu possui elevada concentracdo de colageno em seu masculo, pele e escama

estando este diretamente relacionada ao seu teor proteico. Foi possivel verificar que o teor de
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coladgeno ndo foi influenciado pela idade do animal, tampouco pela estacdo do ano, chuva e
seca, podendo-se justificar tal fato pela localizacdo da criagcdo desses animais em uma regido
de baixa flutuacdo de temperatura do ar e pela espécie de grande porte e caracteristicas tao
peculiares. Entretanto, novos estudos se fazem necessario visando maior aprofundamento ana-
litico, como a caracterizacéo do tipo de colageno e composi¢do de aminoacidos para que con-

clusbes mais assertivas possam ser feitas.
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MATERIAL SUPLEMENTAR

O cultivo foi idéntico para todos o0s peixes desde a desova até o abate, sendo estes ali-
mentados no periodo matutino com 85,0 g kg™ de peso vivo com ragao artificial seca especifica
para peixes carnivoros engorda, com composicao proximal de umidade maxima de 100,00 g
kg, proteina bruta minima de 400,00 g kg, extrato etéreo minimo de 100,00 g kg%, fibra bruta
méaxima de 45,00 g kg e matéria mineral maxima de 130,00 g kg. Para ambos os casos os
peixes foram mantidos em tanques escavados que possuiam a mesma dimenséo: 6.525 m? (45
m largura, 145 m comprimento e 2 m de profundidade na &rea de entrada da dgua de renovacédo
e 3,5 m de profundidade na area mais profunda) e 17.980 m? de 4gua.

Para as amostras de pele e musculo procedeu-se, alternadamente, quatro despescas, duas
despescas por tanque, em periodos da chuva (C1) em novembro/2017 no tanque A (T1) e chuva
(C3) janeiro/2018 no tanque B (T2) e da seca (C2) em junho/2018 no tanque A e seca (C4)
julho/2018 no tanque B. Ao longo do experimento foram coletados 5 espécimes/tanque/des-
pesca, ou seja, N = 5 animais por coleta tendo total de N = 20 animais.

A Tabela 1S descreve os dados climaticos da estacdo automética de Guaranta do Norte
onde nota-se que a temperatura manteve alta durante todo o periodo do estudo, variando signi-

ficativamente a umidade e o0 acumulado de chuva.
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Tabela 1S. Dados climéticos da estacdo automaética de Guarantd do Norte obtidos via INMET

durante o periodo do experimento.

o T1 T2 T3
Fator Climatico
C1 C2 C3 C4 C3
Instantaneo 25,7 247 250 248 255
Temperatura o
o Maximo 264 255 25,7 257 26,1
Média (°C) .
Minimo 251 239 245 239 250
_ ~Instantaneo 83 73 85 64 859
Umidade mé- o
) Méaximo 86 76 88 68 88,5
dia (%) .
Minimo 80 69 82 59 83
Acumulado de chuva (mm) 2946 0,6 4318 78,4 274,72

T1 = Tanque A; T2 = Tanque B; T3 = Tanque C; C1 = periodo chuvoso e animais com 18

meses de idade; C2 = periodo de seca e animais com 25 meses de idade; C3 = periodo chuvoso

e animais com 24 meses; C4 = periodo de seca e animais com 30 meses de idade.
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Destaques

¢ Na&o houve efeito do tempo de salga sobre nenhuma das variaveis dependentes analisa-

das.

e A concentracdo de sal influenciou diretamente a atividade de agua, cloreto de sodio e

rendimento das amostras.

e Sugere-se a salga seca utilizando 21,6% de sal com 24 h de salga para atendimento da

legislacdo.
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Resumo

Objetivou-se realizar um estudo de otimizagédo da salga de manta de pirarucu (Arapaima gigas)
criado em cativeiro através de ensaios com diferentes concentracdes de sal grosso e tempos de
salga visando sugerir um protocolo de fabricacdo da mesma que atenda & legislagdo vigente.
Utilizou-se 14 unidades de manta de pirarucu congelado com peso médio de 400 £ 10 ge £ 5
cm de espessura proveniente de espécimes com 24 meses de idade que foram salgadas secas
sob refrigeracdo uma unica vez. Montou-se um delineamento composto rotacional com duas
variaveis independentes (concentragdo de sal — 10, 12,9, 20, 27,1 e 30% e tempo de salga — 24,
34,5, 60, 85,5 e 96 h) em quatorze ensaios cujas variaveis dependentes, analisadas em triplicata,
foram umidade, cinzas, atividade de agua e cloreto de sodio. Houve efeito da concentracdo de
sal sobre atividade de &gua, cloreto de sddio e rendimento, enquanto que o tempo de salga ndo
influenciou as amostras. Valores médios de umidade em 47,81% e cinzas de 15,85% e concen-
tracdo de 21,60% de sal atende a legislacédo brasileira. Sugere-se realizar a salga seca em um
periodo de 24h com 21,6% de sal grosso, atendendo, assim, também ao preconizado na legis-

lacdo brasileira.

Palavras-chave

Arapaima gigas; Salga seca; Concentracdo de sal; Tempo de salga; Cloreto de sédio

1. Introducdo

O pirarucu, Arapaima gigas, é um peixe nativo da Bacia Amaz6nica amplamente consumido

na regido Norte do Brasil na forma salgada e exportado in natura, sendo descrito como o “ba-
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calhau brasileiro”. O mesmo ¢ dito como um gigante de agua doce, tendo medidas extraordina-
rias tanto em ambiente natural (2 a 3 m com cerca de 200 kg) quanto em cativeiro (7 a 10 kg
com rendimento de carcaca em 60% e filé em 45%). Mesmo sendo um pescado de escamas, 0
mesmo ndo possui espinha, além de ter uma carne muito saborosa e magra de coloragéo clara e
consisténcia firme (Imbiriba, Lourenco Junior, Carvalho, Uliana, & Brito Filho, 1996; Ono,
Halverson, & Kubitza, 2004; Ono & Kehdi, 2013).

A salga e um dos processos de conservacao de alimentos mais antigos utilizados até os dias de
hoje, conferindo ndo apenas maior vida de prateleira ao produto, mas também caracteristicas
fisico-quimicas e organolépticas Unicas (Sabadini, Hubinger, Sobral, & Carvalho, 2001; Perez
etal., 2007). Dentre os tipos de salga tem-se a salga seca, salga imida e salga mista que podem
ser realizadas com o uso de sal refinado, sal grosso e antioxidantes (Burgess, Cutting, Lovern,
& Waterman, 1971; Bastos, 1988). O acido sérbico e seus sais sdo 0s Unicos liberados pela
FAOQ para uso em pescado (FAO, 1985; FAO, 1989) enquanto que Brasil (2019b) os permitidos
séo acido ascorbico, ascorbato de sodio, ascorbato de célcio, acido eritorbico e eritorbato de
sodio.

Em se tratando de pescado salgado, os métodos mais utilizados no Brasil sdo a salga seca e a
salga mista, sendo esta a mais comum para pescado gordo (Ogawa et al., 1999). Entretanto, a
salga somente é considerada completa, industrialmente, se houver uma secagem logo apés o
salgamento, podendo esta etapa ser realizada de forma natural ou artificial (Chicrala, Kato, &
Lima, 2017). Neste sentido, em pescados é recomendado o uso de estufas com circulacéo de ar
forcada cujo bindmio tempo / temperatura seja de 40 °C / 36 h ou 105 °C / 30 min sendo que 0
pescado no final possua apresente de maneira uniforme umidade proxima a 40% (Oliveira,

2007; Lourenco, Sousa, & Silva, 2008).
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Diversos trabalhos buscaram verificar a qualidade do pirarucu salgado a venda no pais e, em
sua grande maioria 0s mesmos encontram contaminagdes microbioldgicas e degradacdes fisico-
quimicas que podem vir a prejudicar a saide do consumidor (Guimaraes, Oliveira, Ferreira, &
Ferreira Filho, 1991, Santos, Falcdo, & Carvalho, 1997; Noronha, Vieira, & Freitas, 2000; Nu-
nes, 2011; Nunes, Franco, Marsico, & Neves, 2012; Vasconcelos, Viana, & Oliveira, 2014).
Esses acontecimentos ocorrem visto que a manta de pirarucu salgado seco € um produto fabri-
cado sem nenhum critério tecnoldgico, higiénico e sanitario. Decorrente que a legislacéo para
peixe salgado seco € recente no pais e ainda ndo foi incorporada no processo tradicional de
empregado. Somado ao fato de que o pirarucu ndo possui Padrdo de Identidade e Qualidade
(P1Q) aprovados no Brasil com descri¢do do processo e suas peculiaridades. Assim, no mercado
consumidor, o produto apresenta-se de forma irregular, com risco inerente as alteracGes de base
microbioldgica e fisico-quimica, que comprometem a oferta de um produto seguro, € isso barra
a producdo de um alimento seguro e ascensdo no mercado exportador (Nunes, 2011).
Decorrente dessas dificuldades ou lacunas esse trabalho teve como objetivo realizar um estudo
de otimizacdo da salga de manta de pirarucu (Arapaima gigas) criado em cativeiro através de
ensaios com diferentes concentracdes de sal grosso e tempos de salga visando sugerir a monta-

gem de um protocolo que atenda a legislacdo vigente.

2. Material e métodos

2.1. Caracterizagdo da matéria-prima
A criagéo e o abate dos peixes foram obtidos conforme Rosa et al. (2021), sendo utilizadas 14
unidades de manta de pirarucu congelado (por¢éo caudal do corte mantido a - 18 °C por 72 h)

com peso médio de 400 * 10 g e espessura de £ 5 cm cujos especimes possuiam 24 meses de
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idade com cultivo em tanque escavado desde a desova até o abate e alimentados com ragdo seca

especifica para peixes carnivoros.

2.2.Delineamento experimental

Realizou-se um Delineamento Composto Central Rotacional (DCCR) com duas variaveis inde-
pendentes (X), concentracdo de sal (x1) e tempo de salga (x2), sendo: 4 vértices do cubo (22), 4
axiais e 6 repeticGes no ponto central; totalizando 14 ensaios (Tabela 1), cujas variaveis depen-

dentes foram (y) = umidade (y1), Atividade de &gua (y2), teor de sal residual (ys), cinzas (ya).

2.3.Processamento das mantas

As mantas de pirarucu foram descongeladas em geladeira (Modelo CBR39ABANA marca Con-
sul, Sdo Paulo, SP, BR) overnight (x 10 °C) e processadas na manhd seguinte no proprio aba-
tedouro em sala de manipulacdo devidamente higienizada e climatizada a + 12 °C com registro
diario de temperatura e umidade do freezer horizontal onde procedeu-se a salga (Modelo
CHB53CBANA90 marca Consul, Sdo Paulo, SP, BR) através de termohigrémetro digital da
marca KASVI — modelo K29-5070H (S&o José dos Pinhais, PR, BR) devidamente calibrado.

Durante todo o processo de salga refrigerada a + 4 °C, as mantas foram salgadas secas apenas
uma Unica vez com a adicdo de sal grosso de grau alimenticio adquirido em supermercado do
municipio de Guarantd do Norte — MT, conforme descrito por Aiura, Carvalho, Viegas, Kirsch-
nik, & Lima (2008) com modificacdes (Figura 1), onde os tempos de salga e a concentracbes
de sal seguem o descrito na Tabela 1 e realizou-se 0 tombamento somente das amostras com

mais de 24 h de salga.
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Realizou-se a pesagem antes e no final do tempo estipulado de salga em balanca semi-analitica
da marca Edutec modelo JKI (Curitiba, PR, BR) para verificar o rendimento do processo (RS
= (manta antes da salga — manta apés a salga)*100) e posteriormente o produto obtido foi em-
balado individualmente em embalagens polietileno de baixa densidade (PEBD) seladas devida-
mente etiquetada e encaminhadas via transporte terrestre em caixas de isopor até o Laboratorio
de Tecnologia de Carnes, Pescado e Derivados (LabCarPesc), da Faculdade de Ciéncia e Tec-
nologia de Alimentos, Universidade Federal de Mato Grosso (UFMT) do campus Cuiabd — MT,
onde sofreram particdo e novo acondicionamento em embalagens de PEBD estéreis de 300 mL,

sendo estocadas a 4 °C até realizacdo das analises laboratoriais.

2.4.Andlises fisico-quimicas

Analisou-se, em triplicata, cada manta para umidade em estufa a 105 °C / 24 h da marca Solab
modelo SL-120 (Piracicaba, SP, BR), cinzas por incineracdo a 550 °C em mufla da marca
SPLabor modelo SP1200DM (Presidente Prudente, SP, BR) conforme Brasil (2018); e cloreto
de sodio conforme AOAC (2012), assim como, atividade de &gua em medidor digital por ponto
de orvalho em medidor digital da marca Aqualab — modelo 4TE (S&o José dos Campos, SP,

BR) (Rodrigues et al., 2003).

2.5.Anélise estatistica

Todas as analises laboratoriais (variaveis dependentes: umidade, Aw, cloreto de sodio e cinzas)
foram realizadas em triplicata. Os resultados foram submetidos a analise de variancia e regres-

sdo mdltipla.
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As analises estatisticas foram realizadas no aplicativo SAS® - Statistical Analysis System ver-

580 9.4 (SAS Institute Inc., Cary - NC, USA) ao nivel de 5% de significancia.

3. Resultados e discussao

Visto que de acordo com Brasil (2019a) “peixe salgado seco € aquele tratado pelo sal e posterior
secagem por evaporac¢do natural ou artificial, com umidade maxima de 52,9% e teor de cloreto
de s6dio minimo de 12%”.

Neste sentido, os resultados do experimento apresentados na Tabela 2 demonstram que apenas
0s tratamentos no ponto central 10, 11 e 12 conseguiram atender em sua totalidade o preconi-
zado pela legislacdo tendo valores de cloreto de sodio de 12,86%, 14,74% e 12,33% e umidade
de 45,47%, 40,42% e 50,09%, respectivamente.

Resultados semelhantes foram verificados por outros autores quando avaliaram a qualidade do
pirarucu salgado seco a venda no varejo, sendo estes: Viana, Avelar, & Oliveira (2010) no corte
barriga com umidade de 46,22 — 49,32%, cinzas de 6,83 — 15,10%, proteina de 20,29 — 24,79%
e lipidios de 12,43 — 23,49%; e no corte lombo com umidade de 35,52 — 49,00%, cinzas de
17,41 — 23,72%, proteina de 31,39 — 44,89% e lipidios de 2,03 — 3,73%; Nunes (2011) com
umidade de 46,99 + 3,71%, cinzas de 18,82 + 1,91%, proteina de 29,49 + 4,96% e lipidios de
7,31 + 4,98%; Nunes, Franco, Marsico, & Neves (2012 com 0,71 + 0,03 Aw e 14,88 + 2,05%
cloretos em amostras de supermercados; e 0,74 + 0,05 Aw e 14,46 + 1,91% cloretos em amos-
tras de feiras).

E quando se realizou a salga experimentalmente em laboratério (Santos, Falcdo, & Carvalho,
1997 com umidade de 50,32 — 55,03%, cinzas de 20,40 — 22,38%, proteina de 21,08 — 25,73%

e lipidios de 1,50 — 2,01%; Nunes et al., 2016 com 19,43% de cloreto de sodio).
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Todavia, Dias (1983) verificou menor valor de umidade e maior de cinzas no produto salgado
proveniente de reserva extrativista; Oliveira (2007) demonstrou menores valores em umidade
e atividade de &gua, maior em cinzas e semelhan¢a em cloreto de sédio e Reis (2015) descreveu
maiores valores em cloreto de sodio e valores aproximados em atividade de 4gua quando reali-
zaram a salga seca do filé de pirarucu a 30%.

O A. gigas é dito como bacalhau brasileiro, entretanto, quando comparado com o bacalhau ver-
dadeiro, tanto Gadus morhua quanto o G. macrocephalus (Brasil, 2000), tem-se que o quanti-
tativo de cloreto de sddio € muito superior nessas espécies (21,3 e 25,8%, respectivamente), ao
passo que os valores de umidade e atividade de agua se assemelham com o deste estudo. En-
quanto que quando comparado com outros espécimes salgados e secos comumente produzidos
e comercializados, representados pelos peixes Molva molva, Brosme brosme e Pollachius vi-
rens, verifica-se semelhanca com todos os resultados aqui relatados para pirarucu tendo 19,9 +
1,1%, 22,5 + 3,8% e 20,3 + 1,9% de cloreto de sodio, respectivamente (Lima & Sant’Ana,
2011).

Todavia, quando se trata de pescado dulcicola salgado seco verifica-se valores de atividade
inferior em salga Umida e seca em filé de tambacu com concentracdo de sal a 30% com 0,56 e
0,58 de atividade de agua, respectivamente (Nates et al., 2014). Enquanto que para o filé de
Piaractus mesopotamicus constatou-se valores inferiores em umidade (11,36%) e semelhantes
em cinzas (17,76%) e cloreto de sodio (16,25%) por salga tmida a 25% relatados por Szentta-
masy, Barbosa, Oetterer, & Moreno (1993); e valor superior em cloreto de sédio (25,27%) e
semelhante em umidade (50,75%), cinzas (19,03%) e rendimento (72,16%) por salga seca a
40% descrito por Freitas et al. (2011).

Os resultados revelaram que ndo houve efeito do tempo de salga (T) sobre nenhuma das varia-

veis dependentes analisadas (p = 0,6418 em Aw; p = 0,7425 em cloreto de sédio; p = 0,4782
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em rendimento; p =0,4999 em umidade; e p = 0,6303 em cinzas). Portanto, ndo ha superficie
de resposta, portanto industrialmente o melhor a ser adotado em custo/beneficio € o menor
tempo (24 h). Todavia, houve efeito da concentracdo de sal (C) sobre a atividade de agua (Aw)
(p = 0,0021), teor de cloreto de sodio no produto final (sal) (p = 0,0017) e rendimento do pro-
duto (rend) (p = 0,0547).

Como o experimento foi desenvolvido meses antes da existéncia do RTIQ descrito por Brasil
(2019a), visando explorar estatisticamente as variaveis dependentes (Aw, sal, rend) analisou-se
por regressdao em funcéo da concentragéo de sal (C) durante o processo de salga, gerando-se as
seguintes regressoes:

y (Aw) = 0,9756 — 0,0240C + 0,0006C2 (Eq. 1)

y (sal) = - 9,3535 + 1,9959C - 0,0463C? (Eq. 2)

y (rend) = 53,2060 + 0,5031C (Eq. 3)

Os modelos obtidos foram ajustados (Aw com R? = 0,77; sal com R? = 0,99; e rend com R? =
0,95), o que possibilitou visualizar o comportamento da concentracdo de sal perante o estudo.
Constatando-se uma concentracao (C) minima de 20,0% de sal obtendo valor de Aw 0,7356,
ao passo gque uma concentracdo de 21,6% resultou em um teor de cloreto de sodio de 12,16%,
atendendo ao previsto na IN 01/2019 (Brasil, 2019a), e rendimento de 64,07%.

Enquanto que Martins, Martins, & Pena (2015) ao estudarem o efeito do incremento de sal na
salga seca refrigerada de filé de pirarucu em amostras com 5 cm de comprimento, 3 cm de
largura e 1 cm de espessura salgadas por 5 dias, verificaram favorecimento da secagem do
produto até a concentracdo de 20% de sal. Ao passo que Martins, Chada, & Pena (2019) ao
trabalharem a salga Umida de filé de pirarucu por vacuo pulsado em amostras de 6 cm de com-
primento, 2 cm de largura e 0,5 cm de espessura com tempos de salga de 30, 60, 90, 120 e 180

minutos, contataram relagéo direta entre 0 aumento da concentragéo de sal e o tempo de salga
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com a diminuicdo da umidade e da atividade de agua, sendo possivel verificar dados significa-
tivos até a temperatura de 30 °C.

Aiura, Carvalho, Viegas, Kirschnik, & Lima (2008) relataram que com o0 aumento do tempo da
salga seca em filé de Oreochromis niloticus houve diminuigdo na umidade e aumento no cloreto
de sddio, obtendo ao final do processo de 10 dias valores de 16,1% em umidade, 28,5% em
cinzas, 14,0% em cloreto de sddio e 22,5% em rendimento, sendo que 0s mesmos armazenaram
as amostras em temperatura ambiente.

Enquanto que Rosa et al. (2018) ao avaliar manta de pirarucu salgado e seco com 12,9 e 27,1%
de sal grosso salgado por 5 dias em ambiente tendo média de 39,4% de umidade e temperatura
de 31,7 °C, descreveram valores de rendimento (58,93 — 59,26% e 66,98 — 68,20%, respectiva-
mente), cinzas (16,17 — 17,81% e 19,09 — 21,64%, respectivamente) e cloreto de sodio superior
(8,35 —9,45% e 7,84 — 11,72%, respectivamente), ao passo que seus valores de atividade de
agua foram inferiores. Demonstrando a espécie escolhida para a realizacdo da salga, assim
como a tecnologia adotada influenciam nos resultados do produto principalmente quando o
prodecimento se prolonga e a temperatura e umidade do ambiente ndo séo controlados.

Como néo houve efeito nem do tempo de salga (T) nem da concentracao de sal (C) sobre as
cinzas (Cz) e umidade (Um) (cinzas com p = 0,1814 e umidade com p = 0,4177 para concen-
tracdo de sal), as mesmas podem ser representadas pelo seu valor médio, ou seja, Cz = 15,85%
e Um = 47,81%. Logo, é possivel atender legalmente ao regulamento técnico de peixe salgado
utilizando 21,6% de sal grosso por salga seca (cloreto de sédio final = 12,2% e umidade final
= 47,8%).

Além disso, nos 21 dias do experimento, verificou-se que a temperatura do ambiente da salga
manteve-se entre 3,1 e 4,6 °C (média 3,82 £+ 0,39 °C) e umidade relativa entre 80 a 89% (média

84,52 + 2,38%) (Tabela 1 do Apéndice). Tal resultado atende o preconizado na legislagdo onde
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se descreve como temperatura de manutencao de peixe salgado maximo de 4 °C e para peixe
salgado seco méximo de 7 °C (Brasil, 2019a).

Entretanto, Barretto, Betiol, Bellucci, Telis-Romero, & Barretto (2018) ao estudarem a desidra-
tacdo osmotica do masculo de pirarucu por salga tmida a 20%, constataram que quanto maior
a temperatura da salga, maior foi o coeficiente de difusdo da salga e em menor grau para a
propor¢éo salmoura/volume muscular, atestando que ha diferencas significativas quando se es-

colhe o tipo de salga a se realizar para uma mesma espécie de pescado.

4. Conclustes

Os diferentes tempos de salga avaliados demonstraram néo influenciar no processo da salga
seca da manta de pirarucu, ao passo que a concentracao de sal foi diretamente proporcional ao
rendimento e exponencialmente a atividade de agua e ao cloreto de sddio. Sendo assim, visando
melhores rendimentos industriais e viabilidade econémica, sugere-se realizar a salga seca em
um periodo de 24h com 21,6% de sal grosso, atendendo, assim, também ao preconizado na

legislacdo brasileira.
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Apéndice A. Monitoramento do Termohigrémetro
Legenda: Valores de temperatura e umidade relativa medidos pelo termohigrometro durante o

processo de salga da manta de pirarucu criado em cativeiro.
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4 DISCUSSAO

O pirarucu é tido como um pescado de elevado rendimento de carcaca e de filé (ONO
etal., 2004), sendo tal fato confirmado neste trabalho ao se verificar rendimento de carcaga sem
cabeca entre 69,49 — 79,45% e de manta carnea com minimo de 52,87%, 61,77% e 61,41%
(rendimentos diferentes de mantas implicam em tamanhos diferentes de pecas, logo penetracéo
diferente de sal no produto) quando comparado com o peso do peixe inteiro, eviscerado e sem
cabeca/sem espinhago, respectivamente.

A maioria dos trabalhos existentes na literatura com indice biométrico de pescado
atentam-se somente para os fatores de peso inteiro e comprimento total dos animais, contudo
sabe-se que em piscicultura € impossivel realizar um acompanhamento preciso e individual dos
espécimes, portanto faz-se necessario a implantacdo de novos indices que sinalizem de forma
mais precisa em ambito geral do lote a sua eficiéncia alimentar, assim como o acabamento e
provavel rendimento de carcaca com 0s animais ainda vivos.

Neste sentido, adaptou-se o prescrito na literatura para pequenos ruminantes como
indice de Kleiber e indice de Compacidade de Carcaga (OSORIO, 1992) e incrementou-se um
novo parametro, Indice de Compacidade de Manta carnea para o pirarucu criado em cativeiro,
constatando altos valores para ambos indices (IK acima de 1 g.UTM™; ICC e ICM de +0,20
kg.cm™) (CEZAR & SOUSA, 2007), verificou-se ainda que todos os pardmetros biométricos
avaliados tiveram correlacdo positiva com o indice de Kleiber (exceto o comprimento total),
todavia o adiantar da idade do animal diminuia a sua eficiéncia, destacando que o pirarucu
possui indices produtivos elevados quando comparado a outras espécies, mas que existe uma
idade e peso limites para que se alcance retorno financeiro maximo (25 meses de idade e 12 kg
de peso Vvivo).

Quando se almeja a criagdo de um determinado animal visando a venda da sua carne e
desenvolvimento industrial de produtos, precisa-se conhecer minuciosamente a matéria-prima
alimentar, tanto no sentido da qualidade quanto tecnoldgico, por isso os dados demonstrados
aqui nos artigos 3, 4 e 5 sdo tdo relevantes. Primeiramente em vista de apresentar dados inéditos
e substanciais para composicdo centesimal de escama e teor de colageno de pele, musculo e
escama de pirarucu onde constatou-se alto teor de proteina e de colageno para todas as amostras

avaliadas quando em comparagdo com outras espécies de pescado.
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Estima-se que cerca de % da quantidade total de peixes produzidos no mundo sdo
descartados como residuos, criando um impacto econdmico e preocupacGes ambientais que
poderiam ser minimizados através da obtencdo de subprodutos do pescado como colageno,
enzimas e peptideos bioativos (COPPOLA et al., 2021). Neste sentido, de acordo com os dados
de peso e rendimento descritos neste estudo e, em consonancia com o verificado por Fogaca et
al. (2011), tem-se que cerca de 5,39% do peso inteiro de um espécime de pirarucu é
representado por suas escamas e 6,13% por sua pele, e, com porcentagens minimas de 1,36% e
1,68% de colageno total observado nesses tecidos, respectivamente, podendo-se inferir que o
pirarucu € uma boa fonte de coldgeno, sendo passivel de alto rendimento industrial na
elaboracdo de produtos.

Quando se fala de tendéncia de mercado, sabe-se que além da composicao nutricional
da carne onde tem-se visto maior preferéncia por carnes magras (manta carnea do pirarucu com
lipideos < 1%), presenca de &cidos graxos poli-insaturados como &cido oleico, &cido linoleico
e boa relacio w-3/0-6 (SUAREZ-MAHECHA et al., 2002), a cor também é algo que chama
muito a atencdo do consumidor (KNOWLES et al., 2008), neste sentido, pode-se afirmar que a
carne de pirarucu atende a todos esses quesitos, sendo possivel verificar que as mantas carneas
provenientes dos animais com + 2 anos de idade tiveram melhor relagdo entre indicadores de
carne vermelha e perfil de &cidos graxos conforme descrito por Masniyom et al. (2013) e Utrera
et al. (2014).

Além disso, faz-se necessario caracterizar o pescado quanto ao seu comportamento
fisico-quimico visando atender a legislacdo e garantir um produto de boa qualidade ao
consumidor (CHYTIRI et al., 2004; ANDRES-BELLO et al., 2013), por isso constatar valores
bem abaixo do preconizado em bases volateis nitrogenadas totais e pH em 24 h, assim como,
baixos valores em perda de peso por cozimento, perda de peso por gotejamento e textura
instrumental via forca de cisalhamento e alta em capacidade de retencdo de agua confirmam
gue a manta carnea de pirarucu possui elevada qualidade e é uma matéria-prima alimentar com
alto potencial de gerar diversos produtos e rendimentos industriais excepcionais.

Contudo, para se ter um maior controle dentro da producdo em piscicultura e garantir
estabilidade nutricional em todos os lotes, deve-se conhecer e tentar minimizar os impactos

gerados tanto pelo clima do local quanto na qualidade da agua e padronizar o peso e idade dos
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animais que melhor atendam o que se busca (HOLBROOK et al., 1997; GUNER et al., 1999;
AIDOS et al., 2002; SHIRAI et al., 2002; CELIK, 2008; VAL & ALMEIDA-VAL, 2008).

Pensando nisso, ap0s caracterizar a pele e a manta de pirarucu frente as variacfes das
estacdes do ano, chuva e seca, além de acompanhar os animais com diferentes pesos e idades,
constatou-se que todos esses parametros influenciaram nos resultados obtidos, verificando-se
que a temperatura se manteve alta e constante durante todo o estudo, por isso a influéncia do
clima se deu apenas pelo nivel de pluviosidade onde a época das chuvas demonstraram
melhores indices, assim como a idade de 24 e 25 meses apresentaram melhor relacdo
custo/beneficio e qualidade nutricional, havendo relacdo direta com o peso dos animais. Por
isso, selecionou-se como matéria-prima para o estudo de otimizacdo da manta salgada de
pirarucu animais com 24 meses de idade despescados no periodo da chuva.

Dentre os tipos de processamento industrial realizado com pescado, a salga € 0 mais
barato, tendo ainda, um nicho de mercado bem caracterizado mundialmente (PEREZ et al.,
2007). Entretanto, existem diversas formas de se proceder tal tecnologia (BURGESS et al.,
1971; BASTOS, 1988), e como o pirarucu € dito como bacalhau brasileiro sendo normalmente
salgado seco (ONO et al., 2004), contudo, ndo existe um protocolo especifico para este produto
e realizar tal tarefa consome muito tempo de estudo e investimento financeiro, preferiu-se
trabalhar com um estudo de delineamento composto central rotacionado avaliando diferentes
tempos de salga e concentracdo de sal visto que tal ferramenta estatistica proporciona diminuir
0 nimero de ensaios e aumentar a precisao dos resultados (RODRIGUES & IEMMA, 2014).

Apés tal fato verificou-se que o tempo de salga ndo influenciou em nenhum dos
parametros analisados e somente a concentracdo de sal instituida nas amostras obteve efeito
sobre a atividade de &gua, rendimento e teor de cloreto de sédio na manta salgada seca de
pirarucu, entretanto, durante o periodo pds experimentacdo e analise dos dados, houve a
publicacdo do Regulamento Técnico que fixa a identidade e as caracteristicas de qualidade que
deve apresentar o peixe salgado e o peixe salgado seco (BRASIL, 2019), por isso, visando
confirmar tais resultados, realizou-se estudos de regressdo que retificaram que uma
concentracdo de sal grosso de 21,6% com tempo de salga de 24 h atendia integralmente a
legislagdo vigente tornando o procedimento mais rentavel e seguro, e, quando comparou-se 0s
dados obtidos no estudo com outros autores, pode-se atestar que a manta salgada de pirarucu

tinha semelhanca com o produto bacalhau, contudo, quando comparado com as suas



158

respectivas espécies - Gadus morhua e G. macrocephalus, notou-se que estes possuem teor de
cloreto de sodio residual bem maior que o verificado neste estudo (LIMA & SANT’ANA, 2011)
0 gque ndo desmerece o produto nacional, pelo contrario, pensando-se na tendéncia mundial de
reducdo de sal nos alimentos (CAPPUCCIO et al., 2011; OPAS, 2010; OPAS, 2021), tem-se
que o produto manta salgada de pirarucu encontra-se na direcdo certa mesmo que inicialmente
0 teor existente de cloreto de s6dio na manta de pirarucu auxilie apenas na praticidade da

dessalga.
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5 CONCLUSAO

O pirarucu apresentou 6timo rendimento industrial, principalmente com 24 e 25 meses
de idade, revelando valores de rendimento de manta acima de 65,0%, assim como bons indices
de compacidade de carcaga e de manta e altos valores de indice de Kleiber demonstrando que
0 mesmo necessita de baixa energia para manutencao corporal e, para seu crescimento sem que
haja aumento no custo de energia. Embora o pirarucu seja um peixe teledsteo cuja estrutura
morfolodgica inclui uma cabeca protuberante que acaba influenciando os indices biométricos,
essa porcao do corpo apresentou menor influéncia nos indices de producao quando comparada
aos dados da literatura em relacao a outras espécies.

O pirarucu demonstrou ter uma étima concentracao de colageno em seu musculo, pele
e escama estando este valor diretamente relacionado ao seu elevado teor de proteina, presente
principalmente na pele e nas escamas. Além disso sua carne possui baixa quantidade de lipideos
e excelente indice de qualidade lipidica ao se verificar alta concentracdo de acido graxo oleico
e linoleico e relacdo Hipocolesterolémico / Hipercolesterolémico, assim como baixa relagcdo
PUFA / MUFA, Indice de Aterogenicidade e Trombogenicidade destacando sua importancia
como matéria-prima alimentar capaz, ndo apenas de saciar o0 consumidor com a sua cor clara,
sabor unico, suculéncia e textura excepcionais (baixo valor de forca de cisalhamento £ 3N),
mas também em qualidade nutricional, algo almejado cada vez mais pela comunidade mundial.

E, com seus baixos valores em perda de peso por gotejamento e por cozimento e boa
capacidade de retengdo de agua (acima de 62,0%), assim como, valores de pH em 24h e de
frescor em BNVT bem abaixo do limite méaximo da legislacdo tem-se que a manta de pirarucu
é uma excelente matéria-prima industrial, fato este confirmado no processo da salga seca onde
o rendimento da mesma foi muito acima do verificado por outros autores ao avaliarem o
pirarucu e especies diferentes de pescado. Ademais, a baixa concentragdo de sal a ser utilizada
para se garantir a qualidade e seguranca do produto conforme preconizado pela legislacéo
brasileira e a auséncia da influéncia do tempo durante o processo, destacam a viabilidade
econbmica e produtiva de se realizar o processamento tecnologico da manta de pirarucu salgado
seco em escala industrial.

Conclui-se, assim, que a particularidade da regido estudada onde ndo ha variacéo
significativa de temperatura e somente existe modificacdo em regime pluviométrico que

interfere diretamente na qualidade da agua de criacgdo, tal como a diferenca na idade e peso dos
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animais avaliados, todos influenciaram, mesmo que em graus variados, as analises e indices
realizados demonstrando ser possivel determinar uma matéria-prima que exprime o melhor que
uma espécie pode produzir. Neste sentido, foi possivel determinar qual melhor protocolo de
criacdo e processamento do pirarucu visando tanto um incremento na piscicultura desta espécie

como também em atender um mercado consumidor cada vez mais exigente e globalizado.
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7 APENDICES
7.1 ARTIGO?2
7.1.1 APPENDICES

Analysis of the tanks’ feed provided and water quality was performed throughout the pro-
ductive period, although these results could not be correlated in the study itself. Therefore, they

are described here as additional information.

1. Proximate analysis and caloric value of the feed
1.1 Materials & methods

Protein analysis was performed using the micro-Kjeldahl method via block digester (model
2350.40, Thoth, Sao Paulo, BR) and distiller (model 4250.2, Thoth, Sao Paulo, BR); oven hu-
midity at 105 °C (model SL-120, Solab, Sdo Paulo, BR); ash by incineration at 550 °C in a
muffle (SP1200DM, SPLabor, Sdo Paulo, BR); and total lipids in a Soxhlet apparatus (MA-
044/8/50, Marconi, Sdo Paulo, BR) using petroleum ether as extraction solvent, all according
to Brasil (2011). The carbohydrate content was obtained by calculating the difference as de-
scribed by Brasil (2003) and the caloric values using the conversion factors according to Brasil
(2001). All samples were weighed on a semi-analytical scale (model JKI, Edutec, Parana, BR)
and determinations were carried out in triplicate. Three samples (N = 3) from the same batch
were evaluated per period (juvenile and fattening) totaling N = 6, since the feed provided to the
animals was the same throughout the production cycle.

1.2 Results
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The results obtained for the chemical composition and caloric value of the feed provided
during the entire breeding period are shown in Table 1. It is possible to note that the protein and

lipid values did not follow the minimum recommended values on the manufacturer’s label.

Table 1.
Analysis of proximate composition (mean values + standard deviations) of the feed provided to

the pirarucu (Arapaima gigas) during the experiment.

Analysis Juvenile Fattening
Sample Label Sample Label
Moisture (%) 8.06 £ 0.068 max 10.0 8.60+0.009 max 10.0
Ashes (%) 9.38 +0.067 max 140 9.55+0.254 max 13.0
Protein (%) 3260+£0.934 min45.0 38.15+0.191 min40.0
Lipids (%) 1.90 £ 0.046 min12.0  3.89+0.034 min 10.0
Carbohydrates (%)  48.06 £ 0.885 ND 39.80 + 0.355 ND

Caloric value (kcal) 339.73 +0.183 ND 346.86 £ 1.152 ND
Max = maximum; min. = minimum; ND = not described.

2. Physicochemical analysis of tank water quality
2.1 Materials & methods

At each collection and harvest, water quality analyses were performed at six different points
in the tank (water temperature with a specific thermometer for fish farming, pH, total ammonia,
hardness, nitrite, dissolved oxygen, alkalinity, and carbon dioxide with the Acqua Supre kit
(Sdo Paulo, BR) and transparency via Secchi Disc (CIENLAB, Séo Paulo, BR).

2.2 Results

The results of water quality are described in Table 2.



Table 2.

Water quality analysis data from the dugout ponds tanks during the experiment.
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Analysis c1 c2 c3 ca
Temperature (°C) 276022 279+020 259020 24.8+0.27
Transparency (cm) 47.7+579 283x10.78 64.3+2.07 483207
Nitrite (mg L) 0.1+£0.00 0.1£0.05 0.1£0.05 0.0£0.00
Total ammonia (mg L) 0.6 +£0.00 0.6 £0.00 05+0.44 0.4 +£0.46
Dissolved Oxygen (mg L) 152+299 157+327 165+5.08 19.5+2.07
pH 6.5+ 0.00 6.6 +0.20 6.5+ 0.00 6.1+£0.20
Total hardness (mg CaCOs L?) 9.0+ 0.00 15.0 £ 0.00 9.0 £0.00 95+1.22
Carbon dioxide (mg L) 123.7+7.12 783+£6.12 4.0£0.00 4.0£0.00
Alkalinity (mg of CaCO3 L) 9.0+ 0.00 190+£155 150+0.00 15.0%0.00

A =tank A; B = tank B.
C1 =rainy season with 18 month-old animals. C2 = dry period with 25-month-old animals. C3

= rainy season with 24-month-old animals. C4 = dry period with 30-month-old animals.
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7.2 ARTIGO 3
7.2.1 HIGLIGTHS

e The physicochemical characteristics differed in the different ages and weights.

e There is only a high correlation between fatty acid profile and age.

e Consuming Arapaima provides health benefits, although it is not a source of EPA+DHA.

o Colorimetric parameters varied according to the analyzed region, age, and weight.

e Twenty-four-month-old animals weighing at least 10 kg are indicated as raw material.
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7.3 ARTIGO 4
7.3.1 HIGHLIGHTS

e The seasons affected the freshness and quality of pirarucu blanket while age did not.

e Humidity and accumulated rainfall varied significantly while temperature did not.

e Lower ages in rainfall have higher pH in 24 h, WRC, CL, and Aw values.

e TNVB and shear force were higher in the rainy season in 24-month-old animals.

e Eighteen-month-old animals harvested in the rainy season show higher industrial yield.

7.3.2 SUPPLEMENTARY MATERIAL

This study is part of a doctoral experiment and was carried out in strict accordance with
recommendations of the Federal University of Santa Maria (UFSM - CAAE no.
09071018.4.0000.5346, CEP 3.210.927) and in partnership with the Longo fish farm whose
procedures for breeding and slaughtering were duly approved by the Municipal Inspection Ser-
vice (SIM 001/MT) and Unified Agricultural Health Care System (SUASA) for the sale of its
products throughout the state of Mato Grosso, Brazil.

The pirarucu (Arapaima gigas) were obtained from fish farms (Tank A: 10°17'57.76"S
and 54°56'29.34"W, altitude 342 m; and Tank B: 10°14'17"S and 54°56'1"W, altitude 261 m)
and a slaughterhouse (10°14'17 "S and 54°56'1"W, altitude 261 m) in Peixoto de Azevedo (Mato
Grosso State, the Amazon region). Four harvests were performed in two excavated tanks and
five specimens/tank/fish were collected, being five animals per collection in the rainy season

(C1) in November/2017 for tank A (T1) and January/2018 for tank B (T2) and five animals in
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the dry season (C2) in June/2018 in T1 and July/2018 in T2, totaling 20 animals. The fish were
18, 24, 25, and 30 months old and had a total weight ranging from 7.69 to 15.67 kg and were
1.006 to 1.258 m long.

Cultivation was carried out in excavated tanks: 6525 m? (45 m wide, 145 m long, and 2
m deep in the renewal water inlet area and 3.5 m in the deepest area) and 17,980 m® of water,
with renewal. Cultivation was identical for all fish from spawning to slaughter. Fish were fed
in the morning with 85.0 g/kg of live weight with dry artificial feed specific for fattening car-
nivorous fish. Trawls were used for fishing and the fish were immediately taken to the local
slaughterhouse with a municipal inspection seal (MIS). The animals were then stunned by hy-
pothermia, bled by gill cutting, and processed to obtain the blankets (Fig. 1S). The blankets
were placed in transparent polyethylene packaging suitable for food packaging and vacuum-
sealed in an industrial table top sealer (R. Baido, MG, BR). The packages were then packed in
a polystyrene box with ice (4 °C) and sent to the Meat, Fish, and Derivatives Technology

Laboratory (LabCarPesc) of the Faculty of Nutrition at the Federal University of Mato Grosso

and stored in a cold chamber at 4 °C until laboratory tests.

Cl C2

Fig. 1S. Arapaima gigas processing into blankets. (A) pirarucu after harvesting; (B) pirarucu blankets

and spinal cord; (C1 and C2) pirarucu blanket to be analyzed. Source: Rosa et al. (2021).
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Table 1. Central rotational composite design used to optimize the salting process of pirarucu.

Coded variables

Real variables

Trials

Salt concentra-  Salting time Salt concentra- Salting time,
tion (x1) (x2) tion, % h
1 -1 -1 12.9 34.5
2 1 -1 27.1 34.5
3 -1 1 12.9 85.5
4 1 1 27.1 85.5
5 -2 0 10 60
6 V2 0 30 60
7 0 -2 20 24
8 0 V2 20 96
9 (CPY) 0 0 20 60
10 (CPY) 0 0 20 60
11 (CPY) 0 0 20 60
12 (CPY) 0 0 20 60
13 (CPY 0 0 20 60
14 (CP1) 0 0 20 60

1 CP: central point

Table 2. Yield, water activity (Aw), sodium chloride, moisture and ashes obtained from the
formulations in the study of optimization of salting of the pirarucu blanket. Results expressed
as mean = standard deviation.

Sodium chlo-

1CP Yield, % Aw ride. % Moisture, % Ashes, %
1 58.93 0.7336%0.0066 8.20+0.4830 45.89+2.0689 15.31+1.8934
2 68.20 0.7379+0.0025 11.22+41.7051 46.64+1.3511 18.55+2.6990
3 59.26 0.7546+0.0169 8.56+0.8279 54.58+0.5630 12.89+1.1686
4 66.98 0.7843+0.0254 10.06+£1.1775 47.35+0.7784  15.07+0.3169
5 59.83 0.8204+0.0158 6.30+0.6842 48.06+0.7437  14.00+1.9998
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6 67.98 0.7927+0.0133 8.90+1.2789 47.81+0.4807 14.21+0.6310
7 59.58 0.7363+0.0018 11.18+0.7626 53.16+1.3898  17.31+0.4843
8 58.41 0.7400+0.0015 14.09+1.6605 57.07+2.7194  19.65+0.9231
9(CPY)  69.77 0.7463+0.0066 10.13+0.2387 50.64+2.0057  12.60+1.6198
10 (CPY)  57.52 0.7313+0.0041 12.86+0.5643 45.47+0.6526  17.37+1.5263
11 (CPY) 58.74 0.7317+0.0019 14.74+0.1709 40.42+0.2217  21.55+0.1707
12 (CPY  70.59 0.7430+0.0022 12.33+0.4201 50.09+£0.3650  16.49+0.8696
13 (CPY)  64.57 0.7409+0.0008 11.72+0.4531 49.45+0.5626  16.40+0.1012
14 (CPY) 72.16 0.7435+0.0015 11.33+0.1958 52.57+0.3562  15.13+0.1845

*1 CP: central point as demonstrated on Table 1.

7.4.2 APENDICE

Figure 1. Arrangement of salted pirarucu blankets inside the freezer.

Realizou-se registro de acompanhamento do freezer utilizado durante todo o processo de

otimizacdo da salga da manta de pirarucu embora esses resultados ndo pudessem ser correla-

cionados no proprio estudo. Portanto, eles sdo descritos aqui como informacdes adicionais.

1. Monitoramento do termohigrémetro
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Dos 21 dias do experimento, nota-se que a temperatura do ambiente da salga manteve-se
entre 3.1 e 4.6 °C (média 3.82 + 0.39 °C) e umidade relativa entre 80 a 89% (média 84.52 +
2.38%) conforme demonstrado na Tabela 1. Tal resultado atende o preconizado na legislacéo
onde se descreve como temperatura de manutencao de peixe salgado méaximo de 4 °C e para

peixe salgado seco maximo de 7 °C (Brasil, 2019a).

Table 1. Values of temperature and relative humidity measured by the thermohygrometer du-
ring the salting process of the pirarucu blanket created in captivity.

Day Temperature (°C)  Relative humidity (%)
1 4.4 80
2 4.4 88
3 4.6 89
4 3.7 85
5 4.5 89
6 3.8 85
7 3.8 85
8 3.4 80
9 3.9 84

10 35 83

11 3.1 81

12 35 84

13 3.8 85

14 4.1 87

15 3.4 83

16 35 84

17 3.9 85

18 4.0 84

19 3.8 84

20 3.6 85

21 3.5 85
Average 3.82 84.5
Standard Deviation 0.39 2.38

LITERATURE CITED



182

Brasil. (2019a). Ministério da Agricultura, Pecuaria e Abastecimento. Instrugdo Normativa No
01, de 15 de janeiro de 2019. Aprova o Regulamento Técnico que fixa a identidade e as carac-
teristicas de qualidade que deve apresentar o peixe salgado e o peixe salgado seco. Brasil, DF.

Diéario Oficial da Unido de 18/01/2019, Secéo (Vol.1, ed. 13, p. 2).



