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RESUMO

A cadeia produtiva da piscicultura de 4gua doce no Brasil € uma atividade que vem
apresentando taxas de crescimento expressivas a nivel nacional e mundial. O pescado é
valorizado sob o ponto de vista nutricional devido a presenca de micronutrientes,
proteinas de alto valor bioldgico e acidos graxos essenciais que sédo benéficos a saude
humana na prevencéo de doencas. Essa matriz alimentar é altamente perecivel devido a
fatores extrinsecos e intrinsecos que favorecem inameras rea¢des quimicas, alterando
moléculas e podendo gerar sustancias toxicas. A oxidacdo € a principal causa de
degradacdo da molécula lipidica. Este processo produz compostos indesejaveis que
alteram as caracteristicas sensoriais e nutritivas do alimento, podendo também gerar
substancias com potencial carcinogénico. A utilizacdo de baixas temperaturas para
conservacao do pescado, métodos convencionais na comercializacdo e ambiente
domiciliar, € usada historicamente para diminuir a taxa de deterioracdo do pescado,
porém sua utilizagdo deve ser cuidadosa e criteriosa, pois apenas diminui a taxa de
degradacdo das moléculas. Diante deste cenario, objetivou-se avaliar a composicao
nutricional de duas espécies de peixes de agua doce nativos do Brasil, avaliar o perfil de
acidos graxos e acompanhar a degradacéo lipidica em diferentes temperaturas de
estocagem. NoO primeiro experimento que gerou um primeiro artigo, avaliou-se a
composicao centesimal, o conteudo de lipidio total em diferentes regides musculares do
corpo do jau catfish (Zungaro jahu), o valor energético e a oxidacao lipidica por
substancias reativas ao acido tiobarbitarico (TBARS), analisados em “pool” de tecido
muscular. TBARS foi avaliado em refrigeracdo (4°C) durante 15 dias nas amostras
frescas e apos 105 dias de congelamento (—20°C). Todas as analises foram realizadas
em duplicatas e todo o experimento foi repetido duas vezes (n=2). O estudo revelou que
o teor de lipidios totais em jau catfish varia entre as diferentes regides do corpo. Além
disso, essa espécie nas condicdes do estudo apresentou maior teor de proteina e menor
teor de lipidios. No entanto, o armazenamento tanto congelado como resfriado néo
impediu a formacdo de TBARS. Na segunda etapa do projeto que gerou o artigo 2,
avaliou-se a composicdo centesimal e valor energético em mantas de pirarucu
(Arapaima gigas) criado em cativeiro, e acompanhou-se a degradacdo lipidica em
amostras armazenadas em refrigeracdo (4°C) durante 15 dias, com intervalo de dois
dias e em congelamento (-20°C) avaliadas quinzenalmente, ao longo de 90 dias. Para
esta espécie objetivou-se também caracterizar o perfil de acidos graxos. As analises
fisico-quimicas foram realizadas em “pool” do tecido muscular e incluiram a
determinacao da composicao centesimal, valor calérico e perfil lipidico por cromatografia
gasosa, realizadas em triplicata. E analises relacionadas a avaliacdo da degradacéo
lipidica como TBARS e indice de peréxido (PI) foram realizadas em duplicata. Todo o
experimento foi repetido trés vezes (n=3). Os resultados revelaram uma matriz de alta
qualidade proteica com baixo teor de lipidio. Observou-se a oxidacao lipidica tanto em
refrigeracdo quanto ao longo do congelamento. O pirarucu foi caracterizado como um



peixe de alto valor nutricional, apresentando elevado conteudo de &cidos graxos
poliinsaturados (AGPI) (43,97%), com indices de aterogenicidade de 0,35 e
trombogenicidade de 0,28, e a razdo acido hipocolesterolémico / hipercolesterolémica de

2,37. Da familia 6mega-6, acido linoleico (C18:2 ®-6) e araquidbnico (C20:4 ®-6),
apresentaram maiores valores. Com relacdo aos AGPI da série dmega-3, o &cido
docosaexaenoico (DHA, C22:6 ®-3) exibiu maior quantidade que o &cido

eicosapentaenoico (EPA, C20:5 m-3).

Palavras-chave: peixe dulcicola, composicéo centesimal, oxidacgao lipidica, perfil lipidico,
cromatografia gasosa.



ABSTRACT

The production chain of freshwater fish farming in Brazil is an activity that is showing
significant growth rates at national and global level. Seafood is valued under the
nutritional point of view due to the presence of micronutrients, high biological value
protein and essential fatty acids that are beneficial to human health disease prevention.
This food matrix is highly perishable due to extrinsic and intrinsic factors that favor many
chemical reactions, changing molecules and may generate toxic substances. Among
these degradation processes, the oxidation is a major cause of degradation of the lipid
molecule. This process produces undesirable compounds that alter the sensory and
nutritional quality of the food and may also generate substances with carcinogenic
potential. The use of low temperatures for preservation fish, conventional methods in
marketing and home environment, and historically used to slow the rate of deterioration
of fish, but its use should be carefully for only decreases the degradation rate of the
molecules. In this scenario, aimed to evaluate the nutritional composition of two species
of freshwater fish native Brazil evaluate the fatty acid profile and monitor lipid degradation
at different temperatures of storage. In the first experiment that generated a first article,
we evaluated the chemical composition, the total lipid content in different muscle regions
of body jau catfish (Zungaro jahu), the energy value and lipid oxidation by reactive
substances thiobarbituric acid (TBARS) analyzed on pool of muscle tissue. TBARS was
valued at refrigeration (4°C) for 15 days on fresh samples and after 105 days of freezing
(=20°C). All analyzes were performed in duplicate and the experiment was repeated
twice (n=2). The study revealed that the total lipid content in jau catfish varies between
different regions of the body. Also this species in study conditions, showed higher protein
content and lower content of lipids. However, both cold and frozen storage did not
prevent the formation of TBARS. In the second stage of the project that generated the
Article 2 evaluated the chemical composition and energy value in pirarucu fillets
(Arapaima gigas) raised in captivity and followed up the lipid degradation in stored
samples in refrigeration (4°C) for 15 days with two days interval and freezing (—20°C)
assessed biweekly over 90 days. For this species also aimed to characterize the fatty
acid profile. As physical and chemical analyzes were performed in pool of muscle tissue
and included the determination of the chemical composition, calorific value and lipid
profile by gas chromatography, performed in triplicate. And analyzes related to the
assessment of lipid degradation as TBARS and peroxide index (PI) were performed in
duplicate. The entire experiment was repeated three times (n=3). Our research revealed
a matrix of high quality protein with low fat content. It was observed oxidative rancidity as
well refrigeration as frozen. The Arapaima gigas was characterized as a high nutritional
fish value, with great polyunsaturated fatty acids (PUFAs) content (43.97%), with
atherogenicity index of 0.35, thrombogenicity index of 0.28, and the hypocholesterolemic
acid/ hypercholesterolemic of 2.37 ratios. Regarding the omega-6 family, the linoleic acid



(C18:2 ®-6) and arachidonic (C20:4 ®-6) showed higher values. And regarding the
omega-3 series, docosahexaenoic acid (DHA, C22:6 ®m-3) exhibited larger amount than
eicosapentaenoic acid (EPA, C20:5 m-3).

Key-words: freshwater fish, proximate composition, lipid oxidation, lipid profile, gas
chromatography.
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1 INTRODUCAO

A cadeia produtiva da piscicultura de &gua doce no Brasil € uma atividade que
vem apresentando uma taxa de crescimento expressiva a nivel nacional e mundial,
devido a fatores como disponibilidade de recursos hidricos, clima favoravel e
crescente demanda por pescado no habito alimentar dos brasileiros. Espécies
dulcicolas como jau (Zungaro jahu) e o pirarucu (Arapaima gigas), sao consideradas
na categoria de sobreexplotadas ou ameacadas de sobreexplotacdo, e dados
relacionados a biologia e qualidade destas espécies, sdo escassos apesar do
promissor potencial para a piscicultura brasileira.

Atualmente, a producéo de pescado através da aquicultura vem despertando
a atencédo da sociedade cientifica, e tem contribuido para o desenvolvimento de
pesquisas relacionadas com a qualidade sanitaria do alimento, com o sistema de
producédo utilizado e relacionado aos impactos ambientais causados por essa
atividade.

Todavia, a composicdo da fracdo lipidica varia entre as espécies, pois
depende de alguns fatores como alimentacédo, idade, peso, época do ano, entre
outros, sendo de fundamental relevancia determinar o perfil lipidico de diversas
espécies, especialmente, daquelas com caréncia de informacdes na literatura como
0 jau e o pirarucu, objetos desse estudo, dentre outras tantas espécies nativas.

O consumo de pescado no Brasil de uma forma geral esta bastante atrelado a
guestdes como disponibilidade, facilidade de acesso e qualidade uma vez que a
distribuicdo do produto apds despesca ou captura é feita de maneira bem ineficiente.
O pescado vem se tornando uma opc¢ao alimentar cada dia mais expressiva, em
funcdo de aspectos ligados a saude por seus atributos nutricionais e sensoriais,
como a presenca de elevada quantidade de &cidos graxos poliinsaturados (AGPI),
especialmente, das séries 6mega 3 e 6, que sao benéficos a saude humana na
prevencdo de doencas cardiovasculares como aterosclerose, trombose e arritmia.
Além disso, sdo importantes no tratamento de certas doencas inflamatdrias como
eczema atopico, asma e psoriase bem como na sindrome pré-menstrual, diabetes,

artrite reumatoide, hipertenséo, obesidade e certos tipos de canceres.
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Entretanto, para que de fato possa gerar beneficios a saude, as moléculas
gue os constituem devem estar estaveis, integras e aptas a atuar no controle das
patologias supracitadas. Este parametro caracteriza uma interface de fundamental
importancia, pois o pescado consiste em uma matriz alimentar altamente perecivel
devido a determinados fatores extrinsecos e intrinsecos como elevada atividade de
agua, pH proximo da neutralidade, elevada quantidade de nutrientes facilmente
utilizaveis por microrganismos, rapida acdo de enzimas autoliticas, além da
predominancia de gorduras insaturadas, moléculas quimicamente instaveis que
favorecem a instalagéo do rango oxidativo.

Este processo de rancificacdo produz compostos indesejaveis, que alteram as
caracteristicas sensoriais e nutritivas do alimento, podendo também resultar na
formacédo de substancias toxicas (radicais livres e compostos secundarios) para a
saude humana, causando danos muitas vezes irreparaveis e, silenciosos a saude do
consumidor, limitando a validade comercial dos produtos. Logo, a utilizacdo de
baixas temperaturas para conservacdo do pescado é uma técnica amplamente
usada na comercializacdo, pois tanto a refrigeracdo (4 + 2°C) quanto o
congelamento (-20°C + 2°C), exercem a funcdo de diminuir a atividade dos
principais agentes causadores da deterioracao.

Neste contexto, devido ao grande potencial econdmico para aquicultura
brasileira além da caréncia de informacdes relacionadas com o valor nutricional e ao
processo de deterioracdo, aspectos intimamente ligados a validade comercial
justificam a utilizacdo do jal e do pirarucu como as espécies de eleicdo. Diante
desse cenario, aborda-se na presente pesquisa o estudo da composicéo centesimal
aliado a um amplo estudo relacionado a fracéo lipidica destas espécies, abrangendo
desde o conhecimento do perfil de acidos graxos, até a avaliacdo dos processos
degradativos durante o periodo de estocagem sob refrigeracédo e congelamento, que
representam métodos de conservagdo convencionais tanto para comercializacéo
como no ambiente domiciliar, gerando conhecimentos que contribuam para a
conservacao do pescado e aumento da oferta de proteina de qualidade para a

populacéo.
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2 FUNDAMENTACAO TEORICA

2.1 POTENCIAL DA AQUICULTURA NACIONAL

O Brasil € constituido por 8.400 km de costa maritima, 5.500.000 hectares de
reservatorios de dguas doces com aproximadamente 12% da &gua doce disponivel
no planeta, de clima extremamente favoravel para o crescimento dos organismos
cultivados, possuindo enorme potencial para o desenvolvimento da aquicultura
(BRASIL, 1998).

A partir de 1990, a aquicultura comercial brasileira se firmou como uma
atividade econémica no cenario nacional da producédo de alimentos. Neste periodo,
a producdo de pescado cultivado representou aproximadamente 25.000
toneladas/ano (BEIRAO et al., 2000).

Em 2001, o Brasil produziu cerca de 210.000 toneladas, incluindo peixes,
moluscos e crustaceos. Os peixes de agua doce, com destaque para as carpas,
tilapias e bagres, contribuiram com mais de 85% do total produzido, enquanto os
15% restantes corresponderam principalmente a camarbes marinhos e mexilhdes
(EMBRAPA, 2003).

A aquicultura continental, em 2007, apresentou um crescimento relativo de
mais 10,2% em relacdo ao ano de 2006, produzindo 210.644,5 toneladas da
producdo de pescado total do Brasil. As principais regides que apresentaram
crescimento na producdo do pescado em 2007 foram, por ordem crescente, as
regides: Norte (26.143,0 toneladas), Sudeste (35.823,5 toneladas), Centro-oeste
(40.209,0 toneladas), Nordeste (43.985,5 toneladas) e Sul (64.483,5 toneladas). As
espécies de peixes mais utilizadas na aquicultura destas regifes foram tilapia, carpa,
tambaqui, tambacu e curimata (IBAMA, 2007).

A producdo mundial de pescado, em 2010, continuou crescendo juntamente
com o crescimento populacional devido a aquicultura, ocupando a 172 posicdo no
ranking mundial na producdo de pescado em cativeiro (479.399,0 toneladas) e a 192

na producéo total de pescado (1.264.765,0 toneladas). E em 2012, de acordo com
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dados da FAO (2012), o Brasil passou a ocupar a 122 posi¢édo no ranking mundial da
aquicultura (707.461,0 toneladas).

Em 2013, o Ministério da Pesca e Abastecimento desenvolveu novos parques
aquicolas para a producédo de pescado, implantando em 13 estados e, ao longo do
ano, foram firmados convénios com as prefeituras de Nortelandia (MT), Itaucu (GO),
Pinhaldo (PR), Seberi (RS), Bananeiras (PB) e com o governo do Distrito Federal
(DF). Esta medida teve como objetivo o aumento sustentavel da producdo de peixes
e o desenvolvimento dos produtores familiares com geracdo de emprego e renda
(BRASIL, 2013).

Pode se considerar que o Brasil, em 2014, obteve aproximadamente 3 mil
espécies de peixes nativos, dentre eles, os de maior potencial para utilizacdo em
piscicultura foram: dourado, jad, matrinxa, piau, pintado, pirarucu e jundia (BRASIL,
2014).

2.2 CARACTERISTICAS DO JAU (Zungaro jahu)

As espécies de peixes do género Zungaro (Siluriformes, Pimelodidae) estédo
presentes nas bacias do rio Parana-Paraguai e Amazonica onde realizam seu ciclo
de vida; sdo piscivoros e vivem em aguas profundas de ambientes I6ticos com
habito migratorio. Esses bagres, popularmente conhecidos como "jau" no Brasil, que
significa na linguagem TUPI, “aquele que devora”, estdo entre as maiores espécies
com comportamento migratério nos rios neotropicais, medindo até 144 cm de
comprimento e 150 kg de peso. Na década de 90, esta espécie foi importante na
pesca artesanal na reserva de Itaipu. Durante este periodo, os juvenis de jau eram
capturados no reservatério e 0s peixes adultos na zona ribeirinha. No entanto, o
excesso da pesca sem controle, reduziu drasticamente esta espécie trazendo como
consequéncia o decréscimo dos estudos relacionados a fisiologia deste peixe, de
acordo com os dados sugeridos por Agostinho et al. (2003).

As populacdes dessas duas bacias (Parana-Paraguai e Amazonica) foram
caracterizadas morfologicamente como duas espécies diferentes. No inicio da
década de 90, o jau era identificado como Paulicea luetkeni, porém Silfvergrip (1992)

reconheceu que o género Paulicea era sinbnimo de Zungaro. Outra pesquisa
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descreveu duas espécies morfologicamente distintas nos principais rios brasileiros
(LUNDBERG,; LITTMANN, 2003). A espécie Zungaro zungaro € encontrada na
bacia do Amazonas, e a espécie Zungaro jahu, € restrita a bacia do rio Parana-
Paraguai. Por outro lado, em revisao feita por Graga e Pavanelli (2007) foi adotada a
interpretacdo de que todas as popula¢cdes de jau sdo da espécie Zungaro zungaro.
Entretanto, em uma pesquisa realizada por Boni et al. (2011), as popula¢cdes dessas
duas bacias foram caracterizadas geneticamente como duas espécies diferentes,
concluindo que a populagdo Zungaro da bacia do Parana-Paraguai devem ser
identificada como Zungaro jahu, e a populagéo da bacia Amazonica como Zungaro
zungaro. As acles de conservacdo desta espécie devem ser planejadas em
diversos niveis, considerando analises de genes, espécies, e ecossistemas, e sO
sera mais adequadamente planejada, quando as relagbes taxondmicas ficarem
esclarecidas.

Carillo-Avila et al. (2009) ressaltam que estas espécies possuem um elevado
valor econémico e ecoldgico em funcdo da importancia para a pesca esportiva e de
subsisténcia, por isso é essencial delimitar suas unidades populacionais e genéticas
para contribuir com a conservacao desta espécie a partir do estabelecimento de

eficientes planos de manejo.

2.3 CARACTERISTICAS DO PIRARUCU (Arapaima gigas)

O pirarucu € considerado o maior peixe de escama de agua doce do mundo,
podendo alcancar 3 metros de comprimento e peso de 200 kg. O nome pirarucu tem
origem do Tupi, onde pira significa peixe e urucu, semente de cor vermelha. Esta
presente em grande parte da regido Pan-Amazbnica e a distribuicdo geografica
abrange a bacia Amazobnica, Araguaia-Tocantins e Orinoco (AMARAL et. al., 2011).
Taxonomicamente pertence a ordem Osteoglossiformes, subordem Osteoglossoidei,
superfamilia Osteoglossoidae, familia Osteoglossidae, género Arapaima e espécie
Arapaima gigas (REBAZA et al., 1999).

O histérico da pesca do pirarucu se inicia no periodo colonial, com a criacao
dos “pesqueiros reais”. No século XVIII, iniciou-se a exploracdo comercial desta

espécie, sendo a mesma comercializada em mantas secas e salgada, um produto
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similar ao bacalhau (Gadus morhua). No século XIX até inicio do século XX, mais de
3.000 ton/ano de pirarucu foram exportados da Amazobnia. A partir de 1975, esta
estimativa reduziu para 300 ton/ano e o pirarucu foi inserido na lista do anexo Il da
Convencdo sobre o Comércio Internacional das Espécies da Fauna e da Flora
Silvestres Ameacadas de Extincdo (CITES). De acordo com este documento, a
exploracdo da referida espécie foi estritamente regulamentada e controlada. Nos
anos 90, o cenario foi caracterizado pela recuperacdo dos estoques na Amazonia
devido as estratégias de preservacdo e conservacdo do pirarucu bem como a
participacdo efetiva dos pescadores na elaboracdo das medidas de manejo
(BRASIL, 2011).

Desta forma, estimulos tém sido realizados para a criacdo do pirarucu em
cativeiro visando maior monitoramento e preservacao dos estoques naturais. Além
disso, esta espécie apresenta inUmeras caracteristicas favoraveis para a criacao
intensiva como resisténcia a elevadas densidades de estocagem,; facil adaptacéo ao
consumo de alimentos balanceados e ra¢cdes comerciais; rapido crescimento (cerca
de 7 -10 kg) no primeiro ano de criacao; respiracdo aérea nas fases mais avancadas
de desenvolvimento, o que facilita a criacdo em ambientes com baixa disponibilidade
de oxigénio; e elevado rendimento de filé (acima de 45%), superando o alcancado
pela maioria dos peixes cultivados no pais. Ademais, esta espécie apresenta carne
clara, magra, de elevada qualidade e livre de espinhas intramusculares, tendo
expressiva aceitacdo pelos consumidores e elevado valor de mercado,
representando uma espécie com promissoras perspectivas para o0 comércio nacional
e internacional (BRANDAO et al., 2008; ONO; KEHDI, 2013).

2.4 LIPIDIOS: ASPECTOS GERAIS E FUNCIONALIDADE

Em geral, os lipidios englobam todas as substancias gordurosas existentes no
reino vegetal e animal. Compreendem as gorduras, 6leos e ceras naturais, sendo
gue os mais importantes sdo os 6leos e as gorduras, que possuem grande
relevancia na alimentacédo e na constituicdo das células vivas (FELTRE, 1996).

As gorduras e 0s 0leos apresentam estrutura quimica bastante semelhante,

diferenciando-se pela presenca ou néo de insaturagdes, que sao determinantes no
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estado fisico da substancia. Nas gorduras predominam radicais de &cidos graxos
saturados (sélidas) e nos 6leos h& predominancia de radicais de acidos graxos
insaturados (liquidos). Os principais componentes dos lipidios sdo os acidos graxos,
gue compdem os triglicerideos e sao formados por cadeias de 4&tomos de carbono
que se ligam a atomos de hidrogénio com um radical &cido em uma das
extremidades. Os acidos graxos podem ser saturados (AGS) (carbonos com
ligacbes simples) ou insaturados (AGI) (carbonos com uma ou mais ligagdes
duplas). No caso de apenas uma dupla ligacdo na cadeia, o acido graxo é
denominado monoinsaturado (AGM), e no caso de duas ou mais duplas ligagoes,
denomina-se poliinsaturado (AGPI) (USBERCO; SALVADOR, 2006).

O pescado pode ser classificado em grupos de acordo com o percentual de
lipidios totais: peixes magros (<2%), peixes com baixo teor de gordura (2-4%),
peixes com médio teor de gordura (4-8%) e peixes com alto teor de gordura (>8%)
(LAMBERTSON, 1978; ACKMAN, 1989; HAARD, 1992).

Os lipidios sdo biomoléculas que desempenham relevante funcdo na
alimentacdo humana, pois possuem alto valor energético. Além disso, exercem
importante funcdo na estrutura, na composicao, na permeabilidade das membranas
e das paredes celulares. Atuam também na absorcao e no transporte de nutrientes e
de vitaminas lipossolaveis (A, E, D e K) favorecendo a difusdo de substancias
importantes para o metabolismo celular. Estima-se que cerca de 40% do total da
necessidade diaria de &acidos graxos sao obtidos através da dieta alimentar
(PEREDA et al., 2005).

Os acidos graxos poliinsaturados das series 6mega-3 e 6mega-6 sao
considerados essenciais na alimentacdo humana e apresentam importantes funcdes
farmacoldgicas, reduzindo niveis de lipoproteinas de densidade baixa (LDL-C) e
muito baixa (VLDL-C) e, aumentando niveis de lipoproteinas de alta densidade
(HDL-C), assim como outros efeitos sdo atribuidos a estas biomoléculas como
participacdo em reacdes inflamatorias, resisténcia imunoldgica, doencas neoplasicas
(SIMOPOULOS, 2009; 2011).

Neste contexto, o pescado € composto por fracdo lipidica de elevada
gualidade e possui quantidade expressiva de acidos graxos essenciais quando

comparado aos demais produtos de origem animal. Dentre os &cidos graxos
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poliinsaturados destacam-se aqueles pertencentes a série dmega-6, como 0s acidos
linoleico (C18:2 ®-6, AL) e o araquidénico (C20:4 ®-6, AA), e a série 6mega-3 como
os &cidos alfa-linolénico (C18:3 -3, AAL), eicosapentaenoico (C20:5 ®-3, EPA) e
docosaexaenoico (C22:6 ®-3, DHA) (SIMOPOULOQOS, 2009; 2011).

Os acidos graxos 6mega-3 e 6mega-6 sdo obtidos a partir da alimentagéo ou
produzidos pelo organismo a partir dos AL e do AAL, pela acdo das enzimas
elongases e dessaturases. As elongases atuam adicionando dois atomos de
carbono a parte inicial da cadeia, ao passo que as dessaturases oxidam dois
carbonos da cadeia, originando uma dupla ligagdo com a configuracdo cis

(COVINGTON, 2004; SIMOPOULOS, 2009). A série m-6 é derivada do AL e a série

®-3 do AAL. A partir destes acidos graxos essenciais séo sintetizados os acidos:

araquidonico (AA), eicosapentaenoico (EPA) e docosahexaendico (DHA) (SOUZA et
al., 2007; SIMOPOULOS, 2009). A figura 1 ilustra a sintese de acidos graxos das

séries ®-3 e ®-6.

Série »-6 Série -3
Acido linoleico Acido alfa-linolénico
(18:2, ®»-6) (18:3, ®-3)
l Dessaturases l
Acido gama-linolénico Acido estearidonico
(18:3, ®»-6) (18:4, ®»-3)
Elongases
Acido araquidénico Acido eicosapentaendico
(20:4, »-6) (20:5, ®-3)
Acido docosa-hexaenoico
(22:6, ®-3)

Figura 1: Metabolismo dos &cidos graxos das séries ®-3 e ®-6 (adaptado de

LOTTENBERG, 2009).
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O AAL é responsével pela producédo de EPA e DHA, que sdo precursores de
um grupo de compostos eicosanodides do qual fazem parte as prostaglandinas, os
tromboxanos e os leucotrienos. (COVINGTON, 2004). O EPA esta diretamente
relacionado com a diminuicdo do processo inflamatério e, o DHA, também esta
associado a varios beneficios para a saude, principalmente no desenvolvimento do
cérebro e da retina (SIMOPOULOS, 2011).

O AA esta envolvido no crescimento e na produgdo de prostaglandina E2
(PGE2), que é importante para o desenvolvimento normal de muitos érgdos e
células incluindo o sistema nervoso central (SIMOPOULOQOS, 2011). Além disso, esta
relacionado com o desenvolvimento da retina, durante o periodo de gestacdo e nos
primeiros anos de vida, sendo sua presenca indispensavel para a formacdo do
individuo (MARTIN et al., 2006). Esta molécula em altas concentracdes (>1,5g/dia
por 50 dias) compromete o sistema imunologico com destaque para proliferacao
linfocitaria, produgéo de citocinas e atividade de célula natural “killer” (OLIVEIRA,
2004).

Estudos tém demonstrado que alguns acidos graxos essenciais, possuem
fatores de protecdo a saude e que o consumo frequente de alimentos com elevada
guantidade de 6mega 3 e Omega 6, presentes especialmente nos peixes, esta
associado a reducao dos riscos de doencas cardiovasculares como aterosclerose,
trombose e arritmia. Além disso, sdo importantes no tratamento de certas doencas
inflamatorias como eczema atépico, asma e psoriase bem como na sindrome pré-
menstrual, diabetes, artrite reumatoéide, hipertensdo, obesidade e certos tipos de
canceres (SANTOS et al., 2008; SIMOPOULOS, 2009; 2011).

A composicdo de acidos graxos permite avaliar a qualidade nutricional da
fracdo lipidica e, para isso, sdo calculados os indices de aterogenicidade (lA),
trombogenicidade (IT), que relacionam os AGS com os AGM e AGPI, e as razbes
entre AG hipocolesterolémicos e hipercolesterolémicos (H/H). Segundo Turan et al.
(2007) os indices de aterogenicidade e trombogenicidade (IA e IT, respectivamente)
indicam o potencial de estimulo a agregacao plaquetaria, ou seja, quanto menor 0s
valores de IA e IT, maior € quantidade de &cidos graxos anti-aterogénicos presentes
em determinada fracdo lipidica e, consequentemente, maior € o potencial de

prevencdo ao aparecimento de doencas coronarianas. A razao entre acidos graxos
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hipocolesterolémicos e hipercolesterolémicos (H/H) estd relacionada mais
especificamente com o metabolismo do colesterol, e quanto maior for esta razéo,
mais adequado nutricionalmente é o 6leo ou a gordura (BENTES et al., 2009).

Apesar dos beneficios a saude humana, os acidos graxos poliinsaturados séo
extremamente susceptiveis as reacfes degradativas. Quanto maior o grau de
insaturacdo, maior a suscetibilidade a oxidacdo (PEREDA et al., 2005; SHICHIRI et
al., 2014).

2.5 VALOR NUTRICIONAL DO PESCADO

Em geral, o pescado é composto por 66 a 85% de umidade, 15 a 24% de
proteina, 0,1 a 25% de gordura, 1 a 2% de minerais e 0 a 0,5% de carboidratos
Todavia, a composi¢cdo quimica desta matriz alimentar € extremamente variavel
dependendo de fatores como a época do ano, alimentagcédo (composi¢cao, quantidade
disponivel e qualidade), estagio de maturacdo sexual, idade, condicbes de cultivo,
porcdo muscular analisada, entre outros. Desta forma, a composicdo centesimal
pode variar entre espécies e entre individuos da mesma espécie (ARBELAEZ-
ROJAS et al., 2002; BORAN; KARACAM, 2011).

Estes fatores também influenciam o perfil de acidos graxos dos peixes,
principalmente, a alimentacdo que, devido aos componentes da cadeia alimentar,
difere mais acentuadamente entre as espécies selvagens e criadas em cativeiros,
onde héa fornecimento de racdes balanceadas (AVERINA; KUTYREYV, 2011).

As proteinas e os lipidios sdo os principais componentes, enquanto que 0s
carboidratos sao detectados a niveis limitados (menos de 0,5%). O conteddo de
vitaminas € comparavel aos encontrados em mamiferos, exceto para as vitaminas A
e D. Em relacdo aos minerais, o pescado é uma fonte particularmente valiosa de
célcio e fosforo, bem como ferro, cobre e selénio. Além disso, peixes de agua
salgada contém elevados niveis de iodo. Com relacdo a porcéo lipidica, os peixes
possuem até 40% de acidos graxos de cadeia longa que séo altamente insaturadas,
entre cinco ou seis ligacfes duplas, quando comparados aos lipidios da musculatura
de mamiferos. Esta diferenca tem relacao direta tanto para aspectos ligados a saude

(atividade antitromboética de acidos graxos poliinsaturados) quanto naqueles
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correlacionados a fins tecnoldgicos e de qualidade (desenvolvimento rapido de
ranco) (SARTORI; AMANCIO, 2012).

O perfil de &cidos graxos também pode variar entre 0s peixes; 0s peixes de
agua doce apresentam maior percentual de &cidos graxos da familia 6mega 6
enquanto que os peixes marinhos apresentaram maior percentual de acidos graxos
da familia 6mega 3, especialmente EPA e DHA (WANG et al., 1990).

2.6 ASPECTOS DE QUALIDADE DO PESCADO

2.6.1 Alteracdes degradativas

O pescado é uma matriz altamente perecivel devido as caracteristicas
intrinsecas como elevada atividade de agua, pH neutro, presenca de uma flora
bacteriana de natureza psicrofila, tipo de proteinas e elevado contetudo de lipidios
poliinsaturados, os quais séo facilmente oxidaveis. A deterioracdo do pescado se
instala logo apés a morte e avanca ao longo do tempo. A velocidade de
decomposicdo depende de fatores exdgenos (manipulacdo, manejo de abate e
conservacao) e endogenos (composicdo e espécie do peixe). Os processos
deteriorativos envolvem, principalmente, atividade enzimatica, a acdo de
microrganismos presentes na superficie, branquias e trato intestinal e a oxidacéo
lipidica (FOGACA; SANT’ANA, 2009).

Apés a morte do pescado, a estrutura do tubo digestivo € modificada, o
sistema imune cessa sua atividade e inicia a entrada de enzimas enddgenas para 0s
tecidos circundantes. Este processo de autodigestdo no pescado, denominado
autdlise sdo muito variados e incluem alteracdes como degradacdo de nucleotideos
a protedlise. Normalmente, coincide com a lipélise das gorduras, que acarreta
liberacdo de acidos graxos, que serdo muito importantes em fendbmenos posteriores
como a oxidacdo (GONCALVES, 2011).
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2.6.2 Alteracdes na fracao lipidica

As alteragbes oxidativas dos &cidos graxos insaturados podem ocorrer por
véarias vias, em funcédo do meio e dos agentes catalisadores. A auto-oxidacdo € um
processo dinamico que evolui ao longo do tempo, envolvendo reacdes capazes de
auto-propagacdo, e que dependem do tipo de acdo catalitica (temperatura, ions
metalicos, radicais livres, pH). Classicamente é dividida em trés fases: iniciacao,
propagacéo e terminacdo. Na iniciacdo formam-se radicais livres a partir dos acidos
graxos insaturados, que reagem com O oxigénio, produzindo peréxidos. Na
propagacdo, ocorre o acumulo de radicais do tipo peroxido, formando os
hidroperdxidos e a oxidacdo de elevada concentracdo de lipidios insaturados. Na
terminacdo, ocorre decomposicéo de hidroperéxidos que resultam na formacéao de
compostos secundarios como aldeidos, cetonas, alcodis, hidrocarbonetos, que séo
responsaveis pelas alteracdes sensoriais nos alimentos (sabor e odor de ranco) e
pela toxicidade (FERRARI, 1998; SILVA; BORGES; FERREIRA, 1999).

Os hidroperoxidos formados durante a oxidagcdo sdo compostos inodoros, no
entanto, a sua degradacao leva a formacdo de uma ampla gama de compostos
carbonilo, hidrocarbonetos, furanos e outros produtos que contribuem para o sabor
rancoso da deterioracdo dos alimentos (DE ABREU et al., 2011). Além disso, a
oxidacdo pode levar a formagcdo de compostos toxicos, tais como o malondialdeido
(MDA) e também a degradacdo de &acidos graxos poliinsaturados (AGPI), em
particular o &cido eicosapentaenoico (EPA) e acido docosaexaenoico (DHA)
(GOMEZ-ESTACA et al., 2014). Segundo Zaki et al. (2014), o aumento de MDA,
reduz os niveis da enzima paraoxonase (PON1), o que contribui para resisténcia a
insulina bem como aumento da pressdo arterial e niveis de lipidios no sangue,
sendo considerados importantes fatores de risco para saude.

Além da auto-oxidacdo, é possivel ainda acontecer a foto-oxidacdo pela
presenca de sensores nos tecidos animal e vegetal como a riboflavina, clorofila e
mioglobina que, na presenca de luz e oxigénio, iniciam um processo de transferéncia
de energia para a formacdo de perdxido. Esta reacdo provoca alteracbes na
conformacao das moléculas de acidos graxos, que passam da configuracdo cis para

trans. Outra possivel via de oxidacdo lipidica consiste na agdo de enzimas como
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lipoxigenases e/ou peroxidases, que sao isoenzimas que catalisam reacg0es
oxidativas nas ligacdes duplas dos acidos graxos poliinsaturados. Este fator ocorre
em uma reacdo de cadeia (propagacdo), formando hidroperoxidos que se
decompdem em &cidos, aldeidos e cetonas (ARAUJO, 2008).

A rancificacdo oxidativa apresenta expressiva relevancia na deterioragao do
pescado devido as alteracBes sensoriais e a producao de compostos potencialmente
toxicos para a saude. Além disso, o oxigénio, luz, umidade e calor sdo agentes
catalisadores do processo de oxidacdo lipidica, sendo de fundamental relevancia
atentar para possiveis condicdes de exposicdo e estocagem desfavoraveis ao
produto (MARIUTTI; BRAGAGNOLO, 2009). No entanto, o comportamento da
oxidacao lipidica para cada espécie de peixe pode ser influenciado por fatores
endogenos (espécies de peixes e composicdo quimica), bem como por
transformacéo e as condi¢cdes de armazenamento, afetando a qualidade nutricional
do pescado (TAHERI et al., 2012).

O armazenamento tanto refrigerado quanto congelado, com ou sem outras
solucdes tecnoldgicas, tem sido empregados para manter as propriedades do
pescado. Podemos observar em um estudo realizado por Arfart et al. (2015), em
pesquisa com Lates calcalifer, de areas tropicais do Sudeste Asiatico, observaram o
aumento dos radicais peroxidos e da formacdo do MDA, durante 12 dias de
estocagem em refrigeracdo. De Abreu et al. (2011), também demonstraram a
formacéo de peroxidos e de MDA durante 12 meses de congelamento, em amostras
de Hippoglossus hippoglossus. Aubourg et al. (2007) atribuiram o processo de
oxidacdo de lipidios no peixe congelado a acdo de enzimas enddgenas em cada
espécie. Estas enzimas, como as lipoxigenases, por exemplo, podem ser
influenciadas por fatores interno (teor enzimatico e composicao) e externo (tipo de
alimentacdo, temperatura e captura), 0 que deve ser considerado na
comercializacdo e no tempo de estocagem do pescado. As enzimas enddgenas de
peixes podem estar ativas durante o armazenamento congelado, mesmo a
temperaturas de —20°C (HWANG; REGENSTEIN, 1989).
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3.1 ARTIGO 1: LIPID DISTRIBUTION IN THE MEAT OF JAU (Zungaro jahu) AND THE
INFLUENCE OF STORAGE TEMPERATURE ON ITS FAT STABILITY. Submitted in

International Journal of Food Science &Technology (Paper | — Under review).
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Figura 2. Desenho experimental delineado para desenvolvimento do artigo 1.
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Summary: The aim of this study was to determine the total lipid content in nine different
body regions of jau catfish, and evaluate their chemical composition and lipid oxidation. The
body regions were divided into anterior-dorsal (P1), anterior-medial (P2), anterior-ventral
(P3), central-dorsal (P4), central-medial (P5), central-ventral (P6), posterior-dorsal (P7),
posterior-medial (P8), and posterior-ventral (P9). Malondialdehyde (MDA) was determined
during 15 days at 4 °C, before (T1) and after freezing period for 105 days at —20 °C (T2). Jau
catfish contained high protein (20.17%) and low lipid (0.60%). The increase of MDA (0.2 to
2.5 mg MDA kg™) was more pronounced after freezing period (T2) (P < 0.05). Among all
body regions analyzed, ventral portions (P3, P6 and P9) presented highest total lipid content
(P < 0.05). Our study revealed that total lipid varies depending on body regions. Moreover,

both refrigerated and frozen storage did not avoid MDA formation.

Key-words: freshwater fish, catfish, chemical composition, lipid oxidation, TBARS.

Introduction

World fish production has grown steadily throughout the last years. From 2011 to 2012, it
increased by 1.5%, from an average of 155.7 million to 158.0 million tons. Brazil’s large
contribution significantly improved its global ranking among the top fish producing countries
in recent years. In 2012, Brazil was ranked 10th for capture and 12th for farmed fish
production, contributing 266.042 and 707.461 million tons, respectively (FAO, 2014).

Fish species of the genus Zungaro (Siluriformes, Pimelodidae), popularly known as “jau”
in Brazil, are characterized as leather fish and are among the largest species with migratory

behavior. They reach up to 150 kg in weight and 144 cm in length. These catfish are
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piscivorous and usually inhabit deep holes of lotic environments. Furthermore, jau species are
of great importance for commercial fishing and their meat is highly appreciated by consumers
(Agostinho et al., 2003).

Fish are a valuable source of nutrients for balanced nutrition and good health, mainly due
to their high lipid quality (Calder & Yagoob, 2009). Nevertheless, lipid content varies among
body regions of fish, previously described for some species such as salmon (Katikou et al.,
2001), trout (Fjellnager et al., 2001) and European seabass (Testi et al., 2006). In general,
total lipid content varies depending on exogenous (catching, season, environmental
conditions, feed) and endogenous factors (species-specific physiological characteristics such
as spawning and migration (Boran & Karagam, 2011). Furthermore, fish lipids contain a high
amount of unsaturated fatty acids which are more prone to oxidation due to the instability of
double bonds (Mapiye et al., 2012; Tacon & Metian, 2013).

Lipid oxidation results in secondary compounds, for example malondialdehyde, which are
harmful to human health (Chaijan, 2008; Zaki et al., 2014) because of their mutagenic and
carcinogenic properties (Duthie et al., 2013). However, more substantiated studies on the
behavior of lipid molecules in fish are needed, because they are considered an important
source of fatty acids for humans. The lipid oxidation behavior for each fish species can be
influenced by endogenous factors (fish species and chemical composition), as well as by
processing and storage conditions that affects lipid composition (Taheri et al., 2012).

Regardless of the economic importance of these fish species, very little or no information
is available on the lipid composition of their different body regions and their chemical
stability. Therefore, the objective of this study was to evaluate total lipid content of different
body regions of jau catfish, and to monitor lipid oxidation during 15 days at 4 £ 1 °C, before

and after freezing (105 days at —20 + 2 °C).
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Materials and methods

Experimental design

From a lot of 25 adult fishes, a total of approximately 20 kg frozen jau catfish
(Zungaro jahu) (85 cm average length) were randomly obtained from a fish industry located
in the state of Goias, Brazil. For this experiment were obtained fishes with natural diet and
without distinction of sex. The whole fishes were obtained in November during fishing
season. Frozen samples (—20 °C) were put on ice (0 £ 1 °C) and transported by airmail to the
laboratory in Rio de Janeiro, Brazil. The transportation period did not exceed three hours.
Under laboratory conditions, fish samples were randomly divided into two batches. Group
one was used to determine total lipid content in nine different body regions. In addition,
chemical composition, energy value, and TBARS were evaluated during refrigerated storage
(15 days at 2 + 1 °C) using pooled muscle tissue of fish samples from this group. This pooled
sample was obtained by combining subsamples from all sampled body regions. Fish samples
from group two were immediately frozen. After 105 days of freezing at —20 + 2 °C, samples
were thawed overnight in a refrigerator (4 + 1 °C), and pooled muscle tissue was obtained as
described previously. Next, fish samples were stored at 4 £ 1 °C for 15 days for TBARS

determination. All experiments were repeated twice (n = 2).

Total lipid content of different body regions

Each fish sampled in group one was divided into three regions: anterior, central and
posterior, and then subdivided into three areas (dorsal, medial and ventral), totaling nine

regions: P1 (anterior-dorsal), P2 (anterior-medial), P3 (anterior-ventral), P4 (central-dorsal),
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P5 (central-medial), P6 (central-ventral), P7 (posterior-dorsal), P8 (posterior-medial), and P9
(posterior-ventral) (Figure 1). Total lipid content was determined by the gravimetric method
using petroleum ether as organic solvent (AOAC, 2012). All analyses were performed in

duplicate.

Chemical composition

Moisture, protein, ash, and lipid content were determined according to AOAC (2012).
Moisture was determined by drying the sample at 100 — 105 °C until constant weight. Protein
content was estimated by the Kjeldahl method with a conversion factor of N x 6.25. Ash
content was determined after incineration at 550 °C in a muffle furnace. Lipid content was
obtained by petroleum ether extraction using a Soxhlet apparatus. The percentage of
carbohydrates was calculated by the equation % carbohydrates = 100% — (% protein + % lipid
+ % moisture + % ash). Energy value was determined by multiplying the percentage of
protein, lipid and carbohydrate content with their respective energy values of 4, 9 and 4 kcal.
Both carbohydrate and energy values were obtained according to Merrill & Watt (1973). All

analyses were performed in duplicate.

Lipid oxidation

Thiobarbituric acid (TBA) content was determined using the distillation method
described by Monteiro et al., (2012). Oxidative rancidity was measured, every other day,
during refrigerated storage of 15 days at 2 = 1 °C in two different groups: in fresh fish (T1)

and in thawed fish after freezing for 105 days at —20 °C (T2). Results were expressed as
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milligram of malondialdehyde per kilogram sample (mg MDA kg™). All analyses were

performed in duplicate.

Statistical analysis

Significant differences between mean values of total lipid content from different body
regions and TBARS from different storage days were evaluated by one-way ANOVA with
Tukey's test at a 95% confidence level (P < 0.05). These analyses were performed with the

software XLSTAT, version 2012.6.08 (Addinsoft, Paris, France).

Results and Discussion

Total lipid content of different body regions

The total lipid content of nine different body regions is listed in Table 1. Considering
the anterior and posterior areas, total lipid content did not differ between dorsal (P1 and P7)
and medial (P2 and P8) regions (P > 0.05). Total lipid content was highest in the ventral
regions of the anterior and posterior areas (P3 and P9, P < 0.05). In the central regions, the
highest total lipid content was found ventrally (P6), followed by medial (P5) and dorsal (P4)
areas (P < 0.05). Total lipid content was higher in ventral regions (0.57 — 1.91%) than in
dorsal (0.13 — 0.32%) and medial (0.13 — 0.42%) regions (P < 0.05). Of all ventral regions,
the highest total lipid content was found central-ventrally (P6, P < 0.05). Our results indicate
that total lipid content of jau catfish tended to increase in the dorsal-ventral direction (P <

0.05).
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Our results are in agreement with Thammapat et al. (2010), who observed a similar
tendency in total lipid content of different body regions of Asian catfish. In addition, total
lipid content tended to increase significantly in the dorsal-ventral direction in rainbow trouts
(Fjellanger, et al., 2001; Testi et al., 2006), Nile tilapia and broadhead catfish (Yarnpakdee et
al., 2014). Chaijan et al. (2010) also observed that lipid content was lower in the dorsal region
(0.54%) than in the ventral region (4.52%) in giant catfish (Pangasianodon gigas). The
increase of lipid content in the dorsal-ventral direction can be explained by close proximity to
the visceral region, which has higher lipid content than muscle portions. Thammapat et al.
(2010) observed that viscera of Asian catfish had higher lipid content (93.32%) than ventral
(4.79 — 57.51%) and dorsal body regions (2.95 — 5.54%). Zhong et al. (2007) found that
viscera of steelhead trout (40.2%) had higher lipid content than muscle. Duan et al. (2014)
report similar findings for yellow croaker, with mean values for total lipid content in muscle

and viscera of 14.32% and 24.55%, respectively.

Chemical composition

Jau catfish consisted on average of 20.17 £ 1.40% protein, 0.60 £ 0.27% lipids, 77.71
+ 3.62% moisture, 0.96 + 0.05% ash, 0.56 + 0.23% carbohydrates and 88.36 kcal 100g™
energy value. In agreement with this, the chemical composition is similar in catfish from
Colombia (Perea et al., 2008) and in African catfish (Foline et al., 2011), however, protein
content in the latter was lower (16.24%).

On the other hand, our results are in partial disagreement with previous studies of
other catfish such as sutchi catfish (Pangasius hypophthalmus) (Orban et al., 2008), silver
catfish (Rhamdia quelen) (Weber et al., 2008) and African catfish (Clarias gariepinus) (Ersoy

et al., 2009; Ibhadon et al., 2015). These studies reported protein, lipid and moisture contents
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of 11.40 — 16.20%, 1.84 — 5.02%, and 69.30 — 83.57%, respectively. Nevertheless, in
accordance with our data, these authors reported similar values of ash (0.83 — 1.25%).
Carbohydrate values were higher in African catfish (Clarias gariepinus) (Chukwu & Shaba,
2009, Foline et al., 2011 and Ibhadon et al., 2015).

The chemical composition of fish is highly variable since it depends on species,
catching season, environment, diet, age, and sex (Boran & Karagam, 2011; Li et al., 2012).
Lipid and protein are the most variable components in fish (Yeganeh et al., 2012) leading to
variation in moisture content due to the inverse relationship between lipid and moisture
(Katikou et al., 2001). Our study suggests that jau catfish has high nutritional value due to
high protein content and low total lipid content resulting in the lowest energy value among

catfish species.

Lipid oxidation

Malondialdehyde (MDA) values are commonly used as an indicator of the degree of
lipid oxidation in fish muscle. In general, an increase in MDA values decreases the
paraoxonase (PON1) level leading to a greater risk of dyslipidemia, insulin resistance, and
high blood pressure which are considered important components in the pathogenesis of the
metabolic syndrome, mainly in obese adolescents (Zaki et al., 2014).

In fresh fish (T1), MDA values increased (P < 0.05) from day 6 (0.1 mg MDA kg™) to
day 15 (0.6 mg MDA kg™) of refrigerated storage (Figure 2). After a freezing period (T2),
MDA values remained constant until day 8 of refrigerated storage, except on days 4 and 5
where MDA increased (3.4 mg MDA kg™) (P < 0.05). After day 8, MDA values decreased

(2.3 mg MDA kg?) (P < 0.05) and remained constant until the end of the storage period
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(Figure 2). Nevertheless, the increase of MDA values was more pronounced after a freezing
period (0.2 mg MDA kg™ observed on day 0 in fresh fish (T1) and 2.5 mg MDA kg™ on day 0
in thawed fish (T2), P <0.05).

Several studies confirmed the increase of MDA during refrigerated and freezing
storage of different fish species such as Atlantic halibut (De Abreu et al., 2011), Nile tilapia
(Monteiro et al., 2012), salmon (Indergard et al., 2014), saithe, hoki (Karlsdottir et al., 20143,
b), and sea bass (Qiu et al., 2014). During frozen storage, an increase of MDA is probably due
to endogenous lipoxygenase activity at low temperatures (De Abreu et al., 2010; De Abreu et
al., 2011). In the lipoxygenase pathway, oxidative reactions affecting the double bonds of
unsaturated fatty acids produce a wide variety of degradation products and lead to
hydroperoxide formation (Allen & Hamilton, 1994). On the other hand, a decrease in MDA
can be attributed to a loss of secondary oxidation products by their volatility or by the ability
of malondialdehyde to form covalent bonds with alkaline compounds from the degradation
process (Monteiro et al., 2012; Intarasirisawat et al., 2014). In addition, oxidative rancidity
can occur even in low-fat fishes depending on the lipid fraction (polyunsaturated fatty acids

composition) (Sohn et al., 2005), which may explain the results found for this species.

Conclusions

Our findings show that total lipid content differed between body regions, and that the
highest lipid content was found in the ventral muscle. These results provide guidance to lipid
researchers and sensorial food analysts in selecting representative fillet portions for their

studies. Conventional storage methods such as refrigeration and freezing were not effective in
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avoiding lipid oxidation. Furthermore, conservation methods in order to inactivate enzymes

(lipoxygenase) should be studied.
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Table 1 Total lipid content of the 9 region points of jau catfish (Zungaro jahu).

43

Region points

% Lipid content

P1
P2
P3
P4
P5
P6
P7
P8
P9

0.28° +0.13
0.13% + 0.04
0.57°+0.14
0.13%+0.03
0.44* +0.01
1.91°+0.01
0.32%° +0.09
0.42" +0.15
0.96° +0.21

P1 (anterior-dorsal), P2 (anterior-medial), P3 (anterior-ventral), P4 (central-dorsal), P5
(central-medial), P6 (central-ventral), P7 (posterior-dorsal), P8 (posterior-medial) and P9
(posterior-ventral). Values are mean + standard derivation

a,b,c,q,

Figure 1 Different region points of Jau catfish (Zungaro jahu).

b&%¢ means in a row without common superscripts are significantly different (P < 0.05).

(n=2).

P1 (anterior-dorsal), P2 (anterior-medial), P3 (anterior-ventral), P4 (central-dorsal), P5 (central-medial), P6

(central-ventral), P7 (posterior-dorsal), P8 (posterior-medial), and P9 (posterior-ventral).
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Figure 2 TBARS expressed in mg MDA kg™ sample of jau catfish stored for 15 days under

refrigeration (T1) and 15 days under refrigeration after frozen for 105 days (T2).
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3.2 ARTIGO 2: FATTY ACIDS COMPOSITION AND INFLUENCE OF TEMPERATURE
ON THE LIPID STABILITY OF Arapaima gigas MEAT. Submitted in LWT- Food Science

and Technology (Paper Il — Under review).
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Figura 3. Desenho experimental delineado para desenvolvimento do artigo 2.



46

Fatty acids composition and influence of temperature on the lipid stability of Arapaima
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Abstract: The objective of this study was to investigate the nutritional quality as well as the
lipid stability in Arapaima gigas fillets. A total of 27.32 kg of A. gigas fillets were obtained

and the proximate composition and fatty acid profile were immediately determined. In
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addition, lipid oxidation parameters were analyzed during 15 and 90 days at 4 °C and —20 °C,
respectively. A. gigas fillets exhibited high protein (>15%) and low lipid contents (<2%) with
great polyunsaturated fatty acids (PUFAS) content (43.97%). Nutritional quality indices were
atherogenicity index (0.35), thrombogenicity index (0.28) and
hypocholesterolemic/hypercholesterolemic acid (2.37) ratios. In general, an increase followed
by a decrease was observed on peroxide index (PI) and malondialdehyde (MDA) results in
both storage temperatures (P < 0.05). The lipid profile exhibited a great nutritional quality,
however new conservation methods should be investigated in this matrix due to increased

lipid oxidation during refrigerated and frozen storage.

Keywords: pirarucu, freshwater fish, proximate composition, oxidative rancidity, gas

chromatography.

1. Introduction

Fish is considered a cheap source of nutrients with high biological quality, mainly the
long-chain polyunsaturated fatty acids (PUFAS) content (Buzzi, Henderson & Sargent, 1997),
representing a great nutritional alternative compared to other type of meat matrices (Martinez-
Gonzalez, Fernandez-Jarne, Serrano-Martinez, Marti, Martinez & Martin-Moreno, 2002). The
freshwater fish are considered an important healthy product associated with the decrease of
risk factors such as cardiovascular diseases, blood pressure, type 2 diabetes, and chronic
obstructive pulmonary disease (Simopoulos, 2009).

In general, the PUFA composition can vary depending on different factors such as diet,

age, gender, environmental conditions and method of capture or fish removal (Huynh & Kitts,
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2009). Freshwater fishes are composed by lower levels of eicosapentaenoic acid (EPA,
C20:5n-3) and docosahexaenoic acid (DHA, C22:6n-3) compared to marine fishes. Moreover,
overall freshwater fishes demonstrate great amount of n-6 PUFAs, mainly linoleic acid (LA,
C18:2n-6), and arachidonic acid (AA, C20:4n-6) (Hunter & Roberts, 2000). LA is a potent
antioxidant which inhibits the progression of atherosclerosis (Lee, Kritchevsky & Pariza,
1994) and is associated with a reduced serum cholesterol concentration (Troisi, Willent &
Weiss, 1992). Furthermore, AA are bioprecursors of eicosanoids substances (prostaglandin,
thromboxanes, leucotrienes) that acts on the modulation of specific risk factors such as
reduction of platelet aggregation, decrease of blood pressure, and direct regulation in local
inflammation (Simopoulos, 2009).

Nonetheless, the high concentration of PUFAs in this type of meat matrix leads to a high
lipid oxidation susceptibility due to double bonds instability (Shichiri et al., 2014), resulting
in PUFAs degradation, particularly EPA and DHA (Gomez-Estaca, Lopez-de-Dicastillo,
Hernandez-Munoz, Catala & Gavara, 2014), and formation of detrimental compounds such as
malondialdehyde (MDA) which increases cardiovascular risk factors (Zaki, El-Bassyouni,
Kamal, EI-Gammal & Youness, 2014).

The Arapaima gigas is native fish specie from Brazil. This specie presents potential
farming characteristics representing an economically viable alternative for aquaculture
(Carani et al., 2008) mainly due to weight gain and carcass yield (Fogaca, Oliveira, Eulles,
Carvalho & Santos, 2011).

Previous studies already investigated production parameters (Imbiriba, 2001; Fogaca,
Oliveira, Eulles, Carvalho & Santos, 2011), proximate composition (Fogaca, Oliveira,
Carvalho & Santos, 2011; Oliveira, Jesus, Batista & Lessi, 2014; Martins, Martins & Pena,

2015), and protein deterioration compounds during storage. (Oliveira, Jesus, Batista & Lessi,



49
2014). However, very little research has focused on the nutritional quality of this specie,
mostly on the lipid portion in which to the best of our knowledge, no study has been
conducted until the present moment. Therefore, the aim of the present study was to determine
the proximate composition, characterize the lipid profile as well as investigate lipid variation

during refrigeration (4 °C) and frozen (-20 °C) storage time of Arapaima gigas fillets.

2. Materials and methods

2.1 Experimental design

Specimens of Arapaima gigas were obtained from fish farm, located in rural area of
state of Goias, Brazil (16° 3°59.823”’S 50° 38 4.114” W) and processed in a fishery
company, located near the urban area in the same state (16° 36° 52.890°" S 480 59’ 56.239”’
W). The fishes were fasted for 2 days according to commercial practice, were sacrificed in an
ice bath, headed, eviscerated, and filleted in the processing area. A total of 27.32 kg of A.
gigas fillets were obtained with mean weight and length of 4.6 + 0.6 kg and 85.9 + 8.3 cm,
respectively. Further, fish samples were packed, frozen (20 °C) and transported in ice box (0
°C) to the Ilaboratory, where they were randomly divided in two different storage
temperatures. One group was thawed at 4 °C overnight and proximate composition and fatty
acid profile was immediately evaluated. In addition, lipid oxidation was examined in fish
samples at specific time points during refrigerated (4 °C) for 15 days. The other group was
maintained frozen stored (—20 °C) and lipid oxidation was evaluated at specific time points

during 90 days. The present experiment was repeated three times (n = 3).
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2.2 Proximate analysis
The moisture, protein and ash contents were determined according to AOAC (2012).
On moisture determination, the samples were dried at 105 °C until constant weight, whereas
protein content was estimated using Kjeldahl method (N x 6.25) and ash content was
evaluated by muffle furnace incineration (550 °C). Moreover, the total lipid content was cold-
extracted as described by Bligh and Dyer (1959) wherein total lipid content of fish samples (5
g) were extracted utilizing a chloroform/methanol (1:2 v/v) mixture. The carbohydrate level
was calculated following the equation % carbohydrates = 100% — (% moisture + % protein +
% ash + % lipid) and energy value through energy value (kcal) = (4 x % protein+ 9 x % lipid

+ 4 X % carbohydrate) (Merrill & Watt, 1973). All analyses were performed in triplicate.

2.3 Lipid oxidation

In order to better understand lipid oxidation, during refrigerated storage (4 °C), fish
samples were evaluated in time points two days apart until 15" day as well as during frozen
storage (—20 °C) in time points two weeks apart until 90" day. Primary lipid oxidation
products were determined using peroxide index (Pl) by a colorimetric method through
potassium iodide oxidation (AOAC, 2012) with slight modification (3:1 acetic
acid:chloroform solution, v/v) Results are expressed in milliequivalents of peroxide per
kilogram of fish meat. In addition, secondary lipid oxidation products were analyzed utilizing
thiobarbituric acid reactive substances (TBARS) method according to Tarladgis, Watts,
Younathan and Dugan (1960), modified by Monteiro et al (2012). Malondialdehyde (MDA)
values were calculated and results were expressed as mg of MDA/kg fish sample. All analyses

were performed in duplicate.
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2.4 Fatty acid profile
The total lipids in fish samples were cold-extracted according to Bligh and Dyer
(1959). Briefly, 5 g of fish samples were extracted using a mixture of methanol: chloroform
(2:1 v/v). The fatty acids were acidic methylated (Chin, Liu, Storkson, Ha & Pariza, 1992;
Kishino, Ogawa, Ando, Omura & Shimizu, 2002; Conte-Junior, Soncin, Hierro & Fernandez,
2007). The fatty acid methyl esters (FAME) were analyzed through a gas chromatography
coupled with a flame ionization detector (Perkin Elmer, Waltham, MA, USA). A column
Omegawax-320 (polyethylene glycol of 30 m long, 0.32 mm internal diameter and 0.25 mm
in film thickness) (Sulpeco, USA) and helium as a carrier gas (10 psi) were utilized in
FAMESs separation. Injector (split of 1:20) and detector were set in 260 °C and 280 °C,
respectively. The initial column temperature was set for 110 °C, increased at a rate of 40
°C/min until reach 233 °C, and held this temperature for 2 min. Further, the temperature
increased at 1 °C/min until 240 °C, held for 21 min. FAMEs present in fish samples were
identified through retention time comparison with commercial standard containing 37 fatty
acid methyl esters (Sigma-Aldrich, St. Louis, MO, USA). All analyses were performed in

triplicate.

2.5 Lipid Nutritional Quality Indexes (IQN)

Nutritional quality of A. gigas fillets was determined through three nutritional indexes:
index of atherogenicity (Al) and index of thrombogenicity (TI) according to Ulbricht and
Southgate (1991) with slight modifications described by Canto et al. (2015), and
hypocholesterolemic to hypercholesterolemic ratio (H/H) according to Santos-Silva, Bessa,

and Santos-Silva (2002), using the following calculations:
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1. Al=(C12:0 +4 x C14:0 + C16:0) / (*MUFA + ¥n-6 + ¥n-3)
2. TI=(C14:0 + C16:0 + C18:0) / (0.5 x YMUFA + 0.5 x ¥'n-6
+3 x3Yn-3+100 x Yn-3/>n-6)
3. H/H=(C18:1cis9 + C18:2n-6 + C20:4 n-6 + C18:3n-3 +

C20:5n-3 + C22:5n-3 + C22:6 n-3) / (C14:0 + 16:0)

2.6 Statistical analysis

One-way ANOVA was performed in order to evaluate proximate composition, fatty acid
profile and lipid oxidation (during storage time) in Arapaima gigas samples using XLSTAT
version 2012.6.08 (Addinsoft, Paris, France). Significant differences among mean values were

determined using Tukey's test at 95% of confidence level (P < 0.05).

3. Results and Discussion

3.1 Proximate composition

The proximate composition results are presented in Table 1. In agreement with Haard
(1992), fish are commonly classified into groups according to their total lipid content: lean
(<2%), low-fat (2-4%), medium-fat (4-8%) and high-fat (>8%). In addition, 15% of protein
content can be considered a great level (Memon, Talpur, Bhanger & Balouch, 2011). Thus,
our findings indicates that A. gigas fillets can be considered a lean meat with great protein
content which leads to low energy value (99.44 kcal/100g), similarly with previous studies in
A. gigas fillets (Fogaca, Oliveira, Carvalho & Santos, 2011; Oliveira, Jesus, Batista & Lessi,

2014).
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Regarding to proximate composition of farmed A. gigas, similar total lipid (Oliveira,
Jesus, Batista & Lessi, 2014), protein (Fogaca, Oliveira, Carvalho & Santos, 2011; Martins,
Martins & Pena, 2015), moisture (Martins, Martins & Pena, 2015) and ash (Oliveira, Jesus,
Batista & Lessi, 2014 and Martins, Martins & Pena, 2015) contents were previously reported
in literature. Nonetheless, Martins, Martins and Pena (2015) reported high total lipid content
(2.60%) whereas Oliveira, Jesus, Batista, and Lessi (2014) observed low protein content
(16.83%) in A. gigas meat. The variation on proximate data observed on aformentined studies
can be explained due to high variability of fish composition depending on species, season
conditions, environment, diet, age, and sex (Martins, Martins & Pena, 2015). In general, lipid
and protein contents are the most variable components in farmed fish which depends on the

feeding and fish muscle activity (Thammapat, Raviyan & Siriamornpun, 2010).

3.2 Lipid oxidation in different temperatures of storage

For the best of our knowledge, there are no data regarding lipid stability of A. gigas
meat during refrigerated (4 °C) and frozen (20 °C) storage. The lipid oxidation was
evaluated through Pl and MDA determination during 15 days under refrigeration and 90 days
under freezing conditions (Table 2 and 3, respectively). Pl increased on day 9 (P < 0.05)
whereas decreased on day 15 (P < 0.05) during refrigerated storage (4 °C). Moreover, in
frozen storage (20 °C), PI increased on day 30 and decreased on day 45 (P < 0.05). Similar
pattern in Pl was observed in Lates calcarifer during 12 days at 4 °C (Arfat, Benjakul,
Vongkamjan, Sumpavapol &Yarnpakdee, 2015) as well as in Atlantic halibut during 12

months in frozen storage (De Abreu, Losada, Maroto & Cruz, 2011).
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Regarding the MDA values, in general, A. gigas fillets demonstrated a decrease (P <
0.05) in refrigerated storage on day 12. According to Rezaei, Hosseini, Langrudi, Safari and
Hosseini (2008) a similar trend was observed in MDA formation in Onchorynchus mykiss at 3
°C. Regarding frozen samples, overall A. gigas fillets exhibited greater MDA values on day
45 than days 15 and 30 (P < 0.05). Nonetheless, a decrease in MDA values were observed on
day 60 (P < 0.05). Similar trend was observed by De Abreu, Losada, Maroto and Cruz (2011)
in Atlantic halibut stored at —20 °C storage.

Peroxides are the primary products of lipid oxidation whereas aldehydes, carbonyls,
hydrocarbons, furans and other products are secondary compounds of lipid oxidation
(Yanishlieva & Marinova, 2001). The decrease of Pl might be attributed to their
decomposition resulting in secundary compounds production (Boselli et al., 2005). Moreover,
a decrease observed in MDA values can be attributed to volatilization of these compounds as
well as the interaction through covalent bonds of malondialdehyde with alkaline compounds
originated on degradation process (Intarasirisawat, Benjakul, Visessanguan & Wu, 2014)
conforming the results of the present study in which when the PI values were low, the MDA
were high.

In addition, the increase in MDA values decreases the paraoxonase (PON1) level,
leading to greater cardiovascular risk factors, such as atherosclerosis, coronary heart disease,
hyperlipidemia, diabetes, and hypertension (Zaki, El-Bassyouni, Kamal, EI-Gammal &
Youness, 2014). Furthermore, an increase of Pl and MDA values were also observed during
frozen storage, potentially due to endogenous enzymes activity such as lipoxygenase, which
in turn can be active at low temperatures and can be considered a limiting factor for storage

period and fish commercialization (De Abreu, Losada, Maroto & Cruz, 2011).
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3.3 Fatty acid profile

A total of twenty one fatty acids were detected in A. gigas fillets (Table 4). This specie
exhibited 26.7% for saturated fatty acids (SFA), 29.19% for monounsaturated fatty acids
(MUFA) and 43.97% for polyunsaturated fatty acids (PUFA). In general, freshwater fish
presents low SFA values (< 30%) (Ackman, 1989) indicating high nutrition quality of lipid
fraction in accordance with our findings.

Furthermore, a PUFA > MUFA > SFA pattern was observed. These trend are in
accordance with other freshwater fishes studies in Mastacembelus simack (Harlioglu &
Yilmaz, 2011), Labeo rohita, Cirrhinus mrigala, Catla catla (Memon, Talpur, Bhanger, &
Balouch, 2011) and Onchorynchus mykiss (Volpe et al., 2015).

Among the SFAs, the most abundant fatty acid was palmitic (C16:0), which is a
important energetic source during fish growth (Henderson, Sargent & Hopkins, 1984).
Among the MUFAs, the main fatty acid observed in A. gigas was the oleic acid (C18:1n-9).
This fatty acid is related to the type of fish diet (Ackman, 1989). Similar findings were
reported in Labeo rohita, Cirrhinus mrigala, Catla catla (Memon, Talpur, Bhanger &
Balouch, 2011) and Salmo trutta macrostigma (Ates et al., 2013) species, in which C16:0 and
C18:1n-9 were the major fatty acids present on SFA and MUFAs content, respectively. In
addition, erucic acid (22:1n-9) was determined in this fish specie. In accordance with our
findings, Jankowska, Zakes", Zmijewski and Szczepkowski (2003) studied Sander lucioperca
raised in farm and wild life, and only detected 22:1n-9 in lipid fraction of farmed species
suggesting that this MUFA is from farmed fishes diet feed.

Regarding PUFAs amount, the major fatty acids detected were C18:2n-6 (LA),
C20:4n-6 (AA) and C22:6n-3 (DHA). In general, freshwater fishes contain more n-6 PUFAS

(Celik, Diler & Kgukgulmez, 2005) reflecting in lower n-3/n-6 PUFA ratio than marine fishes
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(Hunter & Roberts, 2000). The high level of C18:2n-6 exhibited in A. gigas can be due to
presence of this fatty acid in plant oil, usually added in farmed fish feed (Grigorakis, Alexis,
Taylor & Hole, 2002). Furthermore, the aforementioned specie also demosntrated great
amount of AA (20:4n-6), which is precursor of eicosanoid metabolic products specifically
prostaglandin and thromboxane and exerts important role in brain as well as in the retin
(Simopoulos, 2009). In agreement with our results, Jabeen and Chaudhry (2011) also reported
high levels of n-6 PUFA, mainly linoleic (18:2) and arachidonic (22:4) acids in Cyprinus
carpio, Labeo rohita, Oreochromis mossambicus. Moreover, Volpe et al (2015) also observed
dominant n-6 PUFA percentage in Onchorynchus mykiss freshwater fish specie.

Regarding the n-3 family, A. gigas exhibited great source of DHA (22:6n-3) whereas
low content of EPA (20:5n-3). These long-chain fatty acids are considered important in the
prevention of coronary heart disease and inflammatory processes (Simopoulos, 2009). In
accordance with our results, Navarro et al. (2012) reported small amount of EPA (20:5n-3) in
Oreochromis niloticus. In addition, other researchers also demonstrated high content of DHA
(22:6n-3) in freshwater fishes such as S. trutta macrostigma (Ates et al, 2013) and
Onchorynchus mykiss (Volpe et al., 2015).

PUFAJ/SFA, n-6/n-3 and n-3/n-6 ratios are exhibited in Table 5. For a healthy human
diet, the values recommended for PUFA/SFA, n-6/n-3 and n-3/n-6 ratios are minimum value
of 0.45, maximum value of 4.0 (Department of Health and Social Security, 1994) and range
from 1/1 to 1/5 (Zuraini et al., 2006), respectively. Based on the aformentioned limits, A.
gigas can be considered a food matrix with a balanced fatty acid profile. Similar PUFA/SFA
results were observed in Mastacembelus simack (Harlioglu & Yilmaz, 2011), Labeo rohita
and Cirrhinus mrigala (Memon, Talpur, Bhanger & Balouch, 2011) ranging from 1.35 to

1.40. In accordance, Volpe et al (2015) demonstrated n-6/n-3 and n-3/n-6 ratios values within
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the limits in Onchorynchus mykiss. Afkhami et al (2011), studied different freshwater fish
species (Cyprinus carpio and Ctenopharyngodon idella) and demonstrated values of n-3/n-6
ratio similar with our result. Furthermore, another important index of cardiovascular health
calculated in A. gigas was EPA+DHA (Table 5). In agreement, another freshwater species

also obtained low values of the aformentioned sum (Afkhami et al., 2011).

3.4 Indices of lipid quality

The fatty acid composition permits to evaluate the nutritional quality of the lipid content
through atherogenicity index (Al), thrombogenicity (IT) and hypocholesterolemic to
hypercholesterolemic (H/H) ratio calculation (Table 5). A lipid fraction with high quality
must contain low Al and IT whereas high H/H ratio (Bentes, Souza, Mendonga & Simdes,
2009). In this research, IA and IT values were 0.35 and 0.28, respectively. Nieminen,
Westenius, Halonen and Mustonen (2014) also reported IA and IT less than 1 in Acipenser
baerii. According to Ulbricht and Southgate (1991) low values of IA and IT can inhibit the
aggregation of platelets, preventing the appearance of coronary diseases, considered
beneficial for human health. The H/H ratio is related to cholesterol metabolism wherein
greater values of H/H are most desirable representing a positive effect on human health
(Fernandes et al., 2014). A. gigas fillets exhibited H/H ratio of 2.37. Similar value of H/H was

demonstrated by Testi, Bonaldo, Gatta and Badiani (2006) in Oncorhynchus mykiss (2.43).

4. Conclusions

Arapaima gigas can be classified as great protein source and lean fish with high lipid

quality containing high long-chain PUFAs levels and great nutritional indices within
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freshwater fish group, emphasizing the importance of this specie on human health mainly in
cardiovascular diseases prevention. Nevertheless, refrigerated and frozen temperatures were
not capable to hinder the lipid oxidation during storage in A. gigas, potentially due to high
PUFAs amount in this specie. Further studies could focus on new conservation methods for

this type food matrix.
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Highlights

Arapaima gigas fillets can be considered a lean fish with great protein amount.
A. gigas fillets exhibited high long-chain PUFAs levels.

This fish specie presented great nutritional quality indices.

Pl and MDA increased in refrigerated and frozen storage.

Alternative methods should be investigated for preservation of this food matrix.

Table 1

Proximate composition of Arapaima gigas fillets.
Parameters (%) Mean + SD™
Moisture 75.84 £ 0.82
Protein 20.97 £0.73
Ash 1.15+0.03
Lipid 1.48 £0.18
Carbohydrates 0.56 £0.10

*Values are expressed as mean + standard derivation; (n=3).



Table 2

Lipid oxidation of Arapaima gigas fillets stored at 4 °C during 15 days.

Refrigerated storage

time (days) P1 (meqg/kg) MDA (mg/kg)
0 1.62 +0.09° 0.09 +0.01*
3 1.30 £ 0.18" 0.10+0.01°
6 1.67 +0.09° 0.07 + 0.00™
9 2.30 + 0.08° 0.05+ 0.01%
12 2.55 +0.17° 0.04+0.01¢
15 1.34 +0.07° 0.06+ 0.01%

Values are expressed as mean + standard derivation; (n=3). PI: peroxide index; MDA:

malondialdehyde.

abed Different letters in the same column represents significant difference (P < 0.05).

Table 3

Lipid oxidation of Arapaima gigas fillets stored at —20 °C during 90 days.

Frozen storage

time (days) Pl (meq/kg) MDA (mg/kg)
0 1.62 +0.09° 0.09 + 0.01%
15 2.70 +0.19° 0.08 +0.01°
30 4.55 + 0.40° 0.08 + 0.02*
45 2.32 +0.09° 0.11 +0.01°
60 1.19 +0.11° 0.05+0.01¢
75 1.45 +0.01° 0.07 + 0.03%
90 1.06 £0.15° 0.09 + 0.01%

Values are expressed as mean + standard derivation; (n=3). PI: peroxide index; MDA:

malondialdehyde.

abeDifferent letters in the same column represents significant difference (P < 0.05).
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Fatty acid composition in muscle tissue of Arapaima gigas fillets expressed as percentages of

fatty acids (%).

Fatty Acids Mean + SD*
C12:0 0.15+0.01
C14:.0 0.52 +0.01
C16:0 22.32+1.74
C18:0 0.74 £ 0.26
C22:0 1.96 £ 0.57
YSFA 26.7 £1.85
C16:1 1.25+0.09

C18:1n-7 2.88 £ 1.17
C18:1n-9 17.82+0.48
C20:1 0.34 +0.01
C22:1n-9 1.07 £ 0.53
C24:1 5.83+0.17
YXMUFA 29.19+1.88
C18:2n-6 25.74 £2.53
C18:3n-6 1.51+£0.45
C18:3n-3 0.31+0.19
C20:2 0.59 +0.39
C20:3n-6 2.77 £ 0.66
C20:3n-3 0.32+0.14
C20:4n-6 3.68 £0.32
C22:2 0.22 £0.04
C20:5n-3 0.23 £0.05
C22:6n-3 8.59 £ 0.59
YPUFA 43.97 £1.84
>¥n-3 9.45 £ 0.61

>¥n-6 33.70 £ 2.17

*Values are expressed as mean + standard derivation; (n=3). SFA: saturated fatty acid; MUFA:

monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.



Table 5

Nutritional quality indexes of the lipid fraction in fillets of Arapaima gigas.

Specie PUFA/SFA n-6/n-3 n-3/n-6 EPA+DHA 1A IT H/H

A. gigas 1.51+0.15 3.59 +0.46 0.28 + 0.04 8.82 +0.63 0.35+0.03 0.28 +0.01 2.37+0.23

Values are expressed as mean + standard derivation; (n=3). 1A: Index of atherogenicity; IT: Index of thrombogenicity; H/H: Fatty acids
hypocholesterolemic/hypercholesterolemic ratios.

68
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4 CONSIDERACOES FINAIS

O estudo proposto descreve e analisa as reacdes de oxidacao lipidica em
duas espécies de peixes dulcicolas e suas implicacfes sobre a qualidade nutricional
e, consequentemente, nutricdo e saude. A partir dos estudos propostos no presente
projeto, foi possivel contribuir com dados fiaveis relacionados a composicao
nutricional e alteracBes degradativas da porcao lipidica de exemplares de jau
(Zungaro jahu) e pirarucu de cultivo (Arapaima gigas), que servirdo de base para
estudos na area de producdo, e beneficiamento de produtos e na cadeia de
comercializacdo desses produtos. Tendo conhecimento sobre as questdes que
fundamentam a tecnologia de pescado, tanto na manipulacdo, quanto no
armazenamento e conservacgao, pude rever conceitos e transformar conhecimentos
tedricos em pratica e aplicabilidade na quimica de lipidios com aquisicdo de
subsidios tedrico-praticos para aplicacdo de conceitos de controle de qualidade e
seguranca de alimentos.

Tendo em vista o conhecimento do perfil de acidos graxos, pretende-se
estimular o aumento do consumo do pescado, principalmente do pirarucu, pois
observamos uma matriz com uma quantidade expressiva de acidos graxos
essenciais, 0s quais desempenham papel importante na prevencdo de doencas,
fator primordial para o aumento do consumo desta espécie, contribuindo de forma
geral para a saude publica. O aproveitamento das gorduras dos peixes de agua
doce prop6e uma alternativa a ser considerada, uma vez que apresentam, como
observado neste estudo, excelente composicao de acidos graxos.

Além do conhecimento basico sobre composicédo, valor nutritivo e calorico das
espécies estudadas, a questdo cultural e educacdo nutricional sdo de extrema
relevancia no contexto do presente estudo, abrindo espaco para discutir formas
apropriadas de escolha de alimentos adequados a uma dieta saudavel. Como a
populacdo contemporanea ja adotou na sua rotina formas de preparo, que podem
estar relacionados como catalisadores da oxidacdo lipidica em alimentos, ha
necessidade de um critério maior de qualidade dos alimentos in natura assim como

conhecimento da natureza das reacfes envolvidas e suas formas de controle.
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A oxidacdo lipidica e a relagdo com aspectos nutricionais apresentam
fundamental importancia ndo so6 pela qualidade sensorial e nutricional dos alimentos,
mas pela presenca de substancias toxicas ligadas a uma infinidade de processos
patolégicos que vao desde a aterosclerose até a possivel relagdo com neoplasia,
fatores que justificam estudos detalhados sobre o tema, melhorando como
profissional da saude, as condi¢bes de vida da populacdo e demonstrando, no caso
do presente estudo, a importancia dos lipidios presentes nos peixes para a evolucao
da nutrologia humana.

Desta forma, com base nos resultados esperados em relacao a degradacao
da fracdo lipidica, propdem-se alertar o consumidor e autoridades oficiais,
incentivando o monitoramento e a fiscaliza¢cdo, quanto aos compostos nocivos que
podem ser formados durante a refrigeracdo e congelamento, métodos que
representam a principal forma de conservacdo do pescado, tanto no ambiente
domestico quanto a nivel comercial.

Assim sendo, a presente linha de pesquisa pretende ampliar pesquisas
visando buscar as melhores formas para a embalagem, uso de antioxidantes e
métodos de conservacdo que inibam a oxidacdo e garantam a qualidade dessa
matriz alimentar melhorando a qualidade dos produtos disponiveis ao publico e
alertando para o risco toxicologico da ingestdo de alimentos oxidados. Finalizando,
considero que a busca da eficiéncia, aborda fatores fundamentais para formacéao
profissional, como saber trabalhar em equipe, adotar atitudes éticas no trabalho e no
convivio social, ter iniciativa e criatividade com responsabilidade e aprendizados
relacionados a posicionamento ético frente as inovacdes tecnolégicas assim como o
conhecimento pleno do papel do Médico Veterinario no desenvolvimento da

gualidade cientifica brasileira.
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6 APENDICES

6.1 PISCICULTURA DE PIRARUCU

Figura 4. Piscicultura de pirarucu localizada na Fazenda da Baixa, municipio de Séo

Luis de Montes Belos, Goias/GO.



6.2 FRIGORIFICO BOA CRIA
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Figura 5. Frigorifico Boa Cria localizado em Bonfindpolis, Goias/GO.
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