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RESUMO
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OTIMIZACAO DE UMA FORMULACAO DE FISHBURGER DE
JUNDIA (RHAMDIA QUELEN) VISANDO O APROVEITAMENTO DE
RESIDUOS DA FILETAGEM DO PROCESSAMENTO DE FRUTAS
AUTOR (A): VIVIAN CAETANO BOCHI
ORIENTADOR (A): TATIANA EMANUELLI
Data e Local da Defesa: Santa Maria, 23 de fevereiro de 2007.

Este trabalho avaliou o aproveitamento de residuos resultantes da filetagem e de extratos
vegetais de sementes de frutas na otimizagdo de formulagdes de fishburgers de jundia
(Rhamdia quelen). Os residuos da filetagem do jundia foram processados e obteve-se uma
polpa de residuos da filetagem (PRF) utilizada em diferentes niveis (0-controle, 20, 50, e
80%) para substituir os filés de peixe na formulagdo de fishburger. O teor de gordura
aumentou com a utilizagdo de PSF nas formulag¢des (p<0,05). Os fishburgers produzidos com
50-80% PRF apresentaram menores valores para as razoes de acidos graxos n-6/n-3 do que os
valores obtidos para o controle (p<0,05). A capacidades de retencdo de umidade e de retengao
de gordura pos-cocgdo ndo foram afetadas pela utilizagdo de PRF, no entanto as formulagdes
com 50% de PRF tiveram os maiores rendimentos pos-coc¢do (p<0,05). A andlise sensorial
revelou que a textura e suculéncia das formulacdes ndo foram alteradas pela utilizacdo de
PRF, porém a incorporagcdo de 80% de PRF reduziu a aceitagdo do produto em relacdo ao
controle (p<0,05). Foram determinados, para extratos de sementes de manga (Mangifera
indica L.), péssego (Prunus persica), e maracuja (Passiflora sp.), o contetido fenolico, a
atividade antioxidante pelos métodos do DPPH"® (1,1-difenil-2-picrilhidrazil), FRAP (poder
antioxidante de reducdo do ferro) e a capacidade de impedir a oxidacdo lipidica em um
sistema modelo contendo peixe (0,05, 0,1, 0,15 e 0,3 mg de compostos fendlicos/4,4ml de
homogeneizado de carne de jundid). As sementes de manga apresentaram o maior teor de
compostos fenolicos totais e atividade antioxidante em DPPH e pelo método de FRAP. A
oxidacao lipidica no homogeneizado de carne de peixe submetido ao aquecimento (37°C) por
90 minutos foi impedida pelo extrato das trés sementes de frutas em todas as concentragdes
testadas. O extrato de semente de manga, que apresentou a maior atividade antioxidante in

vitro, foi escolhido para a avaliacdo de sua capacidade em impedir a oxidagdo da uma



formulagao de fishburger produzida com residuos da filetagem. Foram preparadas
formulagdes de fishburger contendo 50% de residuos de filetagem e diferentes niveis de
extrato de semente de manga (0, 30 e 90 ppm de compostos fenolicos) que foram
armazenadas a -10 ou -20 °C. A oxidag¢do lipidica durante o congelamento foi acompanhada
determinando-se os teores de dienos conjugados, valor de perdxidos, substancias reativas ao
acido tiobarbiturico e acidos graxos livres. Todas as medidas de oxidacao lipidica foram
afetadas pela temperatura e tempo de estocagem. No entanto, ao final de 120 dias, os niveis de
TBARS ndo alcangaram o valor limite para consumo humano. O extrato de semente de manga
ndo apresentou efeito antioxidante contra a peroxidagdo lipidica nas formulagdes de
fishburgers de jundia. A substituigdo de filé¢ de jundia por polpa de residuos da filetagem pode
ser realizada até o nivel de 50% na formulacdo de fishburger de jundia significativas na
qualidade sensorial, resultando em produtos com melhor valor nutricional e caracteristicas

pos-cocgdo, estaveis durante pelo menos 120 dias de congelamento.

Palavras-chave: composicao de 4cidos graxos; oxidacdo lipidica; péssego; maracuja; manga;

substancias reativas ao acido tiobarbitarico.
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This work was aimed at optimizing a formulation of silver catfish fishburgers (Rhamdia
quelen) using filleting wastes and extract from fruit seeds. The utilization of filleting wastes
from silver catfish in the formulation of fishburgers was evaluated by replacing grounded fish
fillets with increasing levels (0-control, 20, 50, and 80%) of pulp obtained from filleting
wastes (PFW). Fat content of burgers increased with increasing levels of PFW (p<0.05).
Burgers with 50-80% PFW had lower n-6/n-3 ratio than control (p<0.05). Fat and moisture
retention after cooking were not affected by PFW, while cooking yield increased in burgers
with 50% PFW when compared to all other formulations (p<0.05). Texture and juiciness were
not affected by PFW. However, burgers containing 80% PFW had lower overall acceptance
than controls (p<0.05). Mango (Mangifera indica L.), peach (Prunus persica), and passion
fruit (Passiflora sp.) seeds were examined for their total phenolic content, radical scavenging
capacity against DPPH (1,1-diphenyl-2-picrylhydrazyl) radicals, ferric-reducing antioxidant
power (FRAP), and antioxidant activity against lipid oxidation in a fish model system (0.05,
0.1, 0.15, and 0.3 mg phenolic compounds/4.4ml of silver catfish homogenate). Mango seed
extract (MSE) showed the highest phenolic content and total antioxidant activity by DPPH
and FRAP assays. Lipid oxidation in fish model system (at 37°C during 90 min) was retarded
by the three seed extracts at all concentrations tested. MSE that had the highest antioxidant
activity in vitro, was also evaluated against lipid oxidation in fishburgers produced from silver
catfish filleting wastes. Burger formulations with 50% pulp from filleting wastes were
prepared containing MSE (0, 30, and 90 ppm phenolic compounds) and conjugated dienes,
peroxide value, tiobarbituric acid reactive substances, and free fatty acids were the oxidation
products measured during frozen storage at -10 and -20°C. All lipid damage measurements

were affected by the storage time and temperature. However, after 120 days at both



temperatures, TBARS levels of fishburgers did not reach threshold limit for human
consumption. MSE had no antioxidant effect against lipid oxidation in silver catfish burgers.
Filleting wastes could substitute up to 50% of fish fillets with no changes in sensory
acceptance, an improvement of nutritional value, and cooking characteristics, with good lipid

stability during at least 120 days of freezing storage.

Key-words: fatty acid composition; lipid oxidation; peach; passion fruit; mango;

thiobarbituric acid reactive substances.
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1. INTRODUCAO GERAL

O aumento da incidéncia de doencas relacionadas a habitos alimentares pouco
recomendados e a oferta de uma grande diversidade de produtos de alta qualidade, resultou na
modificacdo do comportamento do atual consumidor de alimentos. Como conseqiiéncia, o
mercado formado por alimentos de facil preparo, higienicamente seguros, agradaveis
sensorialmente e que apresentam um alto valor nutricional encontra-se em expansao (Oetterer,
2002).

Considerando o elevado valor nutricional de pescados, fonte de acidos graxos
poliinsaturados ®-3, especialmente o 4cido eicosapentandico (EPA, C20:5 n-3) e o 4cido
docosahexaenodico (DHA, C20:6 n-6), com comprovados efeitos benéficos ao organismo
humano (Horrocks ¢ Yeo, 1999), o desenvolvimento de fishburgers e analogos poderia
alcancar boa aceitacdo no mercado consumidor, aumentando o consumo ¢ auxiliando no
escoamento da produgao.

O jundia (Rhamdia quelen) ¢ uma espécie de peixe de agua doce de distribuicdo
neotropical que vem sendo estudado hé alguns anos por varios grupos de pesquisadores no
Brasil e em outros paises latino-americanos. Esta espécie ndo apresenta espinhos
intramusculares, sendo ideal para a filetagem na industria, e apresenta excelente aceitacao
pelo mercado consumidor, tanto para a pesca esportiva quanto para a alimentagao (Fracolossi
et al., 2002).

Considerando que atualmente, as industrias de beneficiamento de pescado geram
grandes quantidades de residuos e, devido principalmente a falta de reconhecimento deste
recurso como matéria-prima e fonte para diversos subprodutos (Oetterer, 1989 apud Oliveira,
2002), a utilizacdo destes no processamento da carne de peixe possibilitaria a reducdo do
custo e obtencdo de um produto com alto valor agregado. Além disso, os resultados da
composicdo quimica e do perfil lipidico de subprodutos de espécies de origem marinha,
indicam que estes residuos apresentam valor nutricional aproximado a parte comestivel de
peixes (Bruschi, 2001; Oliveira, 2002).

Uma alternativa para a utilizacdo de residuos ¢ a elaboracdo da polpa de peixe ou
minced fish. O minced ¢ a pasta de pescado congelada, produzida através da desossa mecénica
e representa a primeira etapa de isolamento ou fracionamento da proteina do pescado para o
uso como ingrediente de alimentos. Porém, a estabilidade do produto ¢ baixa devido a

liberacao de enzimas na carne desintegrada, incorporacao de oxigénio e presenca de acidos
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graxos insaturados (Oetterer et al., 2006). Sendo assim, a utilizagao de técnicas no retardo da
oxidagao lipidica, como o uso de antioxidantes pode ser uma alternativa valida para prolongar
a vida de prateleira da polpa de peixe.

A industria de processamento de frutas gera uma quantidade consideravel de residuos
que possuem uma alta demanda biologica de oxigénio representando um sério problema para
a sustentabilidade da agricultura (Talcott at al., 2003, Berardini et al., 2005). No entanto, estes
subprodutos sdo otimas fontes de compostos fendlicos com propriedades antioxidantes,
podendo ser utilizados na elaboragdo de aditivos alimentares (Balasundram et al., 2006).

Considerando o exposto acima, o objetivo deste trabalho foi otimizar formulagdes de
fishburgers de jundia (Rhamdia quelen) visando o aproveitamento de subprodutos gerados no
seu processo de filetagem, bem como de subprodutos do processamento de frutas (sementes).

Assim, os objetivos especificos foram:

1. Obter uma polpa de residuos da filetagem de jundia e avaliar a sua composi¢ao.

2. Avaliar a composigdo centesimal e o perfil lipidico de formula¢des de fishburger com
diferentes niveis de polpa obtida de residuos da filetagem do jundia.

3. Determinar as mudancas na capacidade de retencdo de agua, de gordura e no
rendimento pos-coccdo produzidas pela incorporacdo de polpa de residuos da
filetagem em fishburgers.

4. Avaliar as alteragdes de cor provocadas pela incorporagdo de polpa de residuos da
filetagem em fishburgers.

5. Avaliar a qualidade sensorial de formulagdes de fish burger com diferentes niveis de
polpa obtida de residuos da filetagem do jundia.

6. Determinar o conteudo fendlico e a atividade antioxidante de extratos de sementes de
manga (Mangifera indica L.), maracuja (Passiflora sp.) e péssego (Prunus persica) in
vitro.

7. Avaliar efeito do extrato de semente de manga sobre a oxidacdo lipidica de
formulagdes de fishburger contendo polpa de residuos da filetagem durante 120 dias

de congelamento.
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2. REVISAO DE LITERATURA

2.1. Aqiiicultura e processamento de pescados

A aqiiicultura mundial apresentou um expressivo crescimento nos ultimos 50 anos
com uma produgdo atual que corresponde a 50% do pescado consumido. Além disso, este
setor possui 0 maior potencial para suprir a demanda de pescados, estimada pelo crescimento

populacional mundial (FAO, 2006).

O Brasil estd hoje entre os 30 maiores polos pesqueiros mundiais € apresenta uma
grande capacidade de aumento da produ¢do, ainda ndo explorada (FAO, 2006). Dentre os
fatores que sdo citados como favoraveis ao desenvolvimento da aqiiicultura podemos destacar
a boa qualidade e disponibilidade da &4gua, o clima tropical bastante favoravel e a
disponibilidade de ingredientes como graos de soja e milho para a producao de ragdes. Aliado
a isso, o desenvolvimento de técnicas de manejo de espécies nativas ou exodticas poderia
elevar a producao piscicola brasileira (Visentainer, 2003, Oetterer, 2002). No entanto, o indice
de consumo de pescado pela populagao brasileira ainda é muito baixo (6,8 kg per capita/ano)
e inferior a recomendagdo da Organizagdo Mundial da Saude (12 kg per capita/ano) (FAO,
2005).

Considerando o aumento da demanda por alimentos de facil preparo, higienicamente
seguros ¢ que oferecam vantagem do ponto de vista nutricional, a baixa qualidade, pouca
diversificacdo dos produtos a base de pescado e o alto custo sdo algumas das causas da baixa
aceitagao e consumo destes produtos (Oetterer, 2002). Sendo assim, a industrializacdo do
pescado e o desenvolvimento de tecnologias que aumentem o aproveitamento dos residuos de
pesca para a reducdo de custos e obtencdo de produtos com alta qualidade nutricional e
tecnoldgica podem auxiliar na mudanga desta situacao.

A quantidade de residuo gerado pela industria pesqueira, bem como suas implicagdes
em problemas sociais, ambientais e econdmicos, ¢ a necessidade da reciclagem desse
material/residuo, € citada por diversos autores (Bruschi, 2001; Oliveira, 2002; Arruda, 2004;
Kim e Mendis, 2006). Além disso, os resultados da composi¢do quimica e do perfil lipidico
de subprodutos de espécies de origem marinha indicam que esses residuos apresentam valor
nutricional aproximado a parte comestivel dos peixes (Bruschi, 2001; Oliveira, 2002).

O residuo da pesca ¢ atualmente aproveitado na producao de 6leo bruto e farinha de
peixe para alimentacdo animal (ragdo) tendo um baixo valor comercial. Diversos produtos

podem ser elaborados a partir dos residuos gerados pelas industrias processadoras de pescado,
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além dos citados anteriormente, tais como concentrados protéicos, surimis, patés, silagem,
minced entre outros (Morales-Uclua & Oetterer, 1995; Stori, 2000 apud Oliveira, 2002).

Os novos produtos de pescados, burgers e similares como os fish fingers, utilizam o
“minced fish” ou o “surimi”” como seu principal ingrediente. A polpa de peixe — minced fish
— ¢ um produto obtido apartir de uma tnica espécie ou mistura de espécies de peixes com
caracteristicas sensoriais similares, submetido a processo de separagdao mecanica, resultando
em particulas de musculo esquelético isentas de ossos, visceras e pele (FAO/WHO, 1995). A
separac¢do ¢ feita por meio de pressdo exercida por uma cinta de borracha contra a superficie
externa de um cilindro metalico perfurado (3-5 mm de didmetro). O processo de separacao
mecanica da carne aumenta a incorporagdo de oxigénio, propiciando o desenvolvimento de
alteraches no aroma, sabor e textura resultantes principalmente da oxidacdo lipidica

(Undeland et al.,1998) e desnaturacao protéica (Benjakul et al., 2005).

Intimeras pesquisas vém sendo desenvolvidas visando a diversificagdo dos produtos
de pescado, a utilizagdo de espécies ainda pouco exploradas e ao desenvolvimento de

tecnologias que auxiliem na manutencao da qualidade dos produtos desenvolvidos.

Espécies amazonicas de baixo valor comercial e de grande abundéancia foram
utilizadas para a producdo de minced fish e avaliagdo da estabilidade quimica e
microbiologica durante congelamento a —18°C e —36°C por Jesus et al. (2001). Os autores
verificaram uma redugdo da atividade microbiana durante o congelamento e boa estabilidade
quimica ap6s 150 dias sob congelamento.

Sebben et al. (2000) avaliou a qualidade sensorial e estabilidade ao congelamento de
burgers de carpa produzidos com polpa lavada e ndo lavada. Os resultados desse trabalho
demonstraram que os hamburgueres apresentam boa aceitabilidade mesmo apds 247 dias de
armazenamento. Em outro trabalho foram encontrados maiores escores sensoriais para fish
fingers ¢ fishburgers produzidos com carpa (Cyprinus carpio) do que em preparagdes
tradicionais deste peixe para os parametros de aparéncia, cor e sabor, resultando em uma

maior aceitacdo global dos produtos (Sehgal e Sehgal, 2002).

Tokur et al. (2006) estudaram a composi¢do quimica e o perfil lipidico de fish fingers
produzidos com polpa de carpa (Cyprinus carpio) lavada e ndo lavada e, avaliaram sua
estabilidade apos cinco meses a —18°C. A andlise do perfil de acidos graxos em ambas as
formulagdes revelou que mais de 50% dos acidos graxos sdo poliinsaturados. Além disso, ao
final dos cinco meses as formulacdes, foram consideradas pelos autores como aceitaveis

quimica e sensorialmente, apesar de terem sido observadas mudangas significativas nos
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escores de aceitacdo global, no indice de peroxidagado lipidica (substancias reativas ao acido

tiobarbitarico) e na solubilidade protéica.

A utilizacdo de embalagens a véacuo (Prentice e Sainz, 2005) e de antioxidantes
sintéticos (Khalil e Mansour, 1998) ou naturais (Tang et al.,, 2001a) sdo algumas das
alternativas utilizadas para prevenir a oxidag¢ao em filés de carpa e em empanados de peixe.

Intmeras pesquisas vém sendo desenvolvidas nos ultimos anos com o propdsito de
determinar as condi¢des ideais de cultivo e, assim fornecer as informagdes necessarias para a
amplia¢do da produgdo de jundia (Rhamdia quelen) (Melo et al., 2002; Coldebella ¢ Radiinz
Neto, 2002; Meyer e Fracolossi, 2004; Copatti et al., 2005; Lazzari, 2006). Porém, nao
existem na literatura trabalhos sobre o processamento do jundia ou o desenvolvimento de
produtos alternativos, como fishburgers e similares, que viabilizem a utilizagdo de residuos da

filetagem e possibilitem um melhor aproveitamento da carne de jundia.

2.2. Jundia (Rhamdia quelen)

O Brasil ¢ o principal produtor mundial do jundia, atingindo o valor de 2.500
toneladas de peixe no ano de 2000 (Baldisserotto, 2005). Sua criacdo estd mais concentrada
na regido sul, principalmente no Rio Grande do Sul (Copatti et al., 2005; Lazzari et al., 2006).
Este peixe apresenta grande potencial para a piscicultura, devido a facilidade de cultivo,
rapido crescimento, capacidade de adaptagdo a uma faixa bastante ampla de temperatura (8 a
30°C), boa conversdo alimentar e habito alimentar onivoro possibilitando a utilizacdo de
variadas fontes alimentares na producdo de racdes (Baldisseroto e Radiinz Neto, 2004,
Losekann, 2006).

Tecnologicamente, os rendimentos dos diversos produtos gerados a partir do
processamento minimo do jundid alcangam valores satisfatorios, podendo sofrer variagdes
conforme o tamanho do peixe utilizado e a destreza do manipulador. O rendimento de filé
encontrado para os exemplares de aproximadamente 700g ¢ de 34,75% (Carneiro et al., 2003),
valores semelhantes aos encontrados para outras espécies de agua doce como a Tilapia
(34,5%, Souza, 2002). Além disso, a auséncia de espinhos intramusculares e a excelente
aceitacdo pelo mercado consumidor, tanto para a pesca esportiva quanto para a alimentacao,
faz desta espécie ideal para o processamento na industria (Fracolossi et al., 2002). Apesar
dessas caracteristicas o processamento industrial do jundid e sua comercializacdo na forma de
filés ainda s3o bastante reduzidos, sendo este comercializado principalmente como peixe

inteiro e/ou eviscerado.
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2.3. Importancia nutricional

O elevado valor nutricional da carne de pescado ¢ um fator que deve ser considerado
como um estimulo para o aumento de seu consumo pela populacdo. Variagdes em
caracteristicas bioldgicas, fisiologicas e ecoldgicas do pescado tem influéncia na composi¢ao
nutricional da carne de pescado e suas alteragdes foram estudadas por diversos autores
(Fauconncau et al., 1995, Zenebe et al., 1998, Oliveira et al., 2003).

A composi¢do de filés de espécies de dgua doce geralmente apresenta as seguintes
variagdes em relacdo ao teor de umidade, proteinas e lipideos: 70,5-80,9%, 12,7-17,6% e 0,8-
15,3%, respectivamente. Menores oscilagdes sdo encontradas em relagdo ao conteudo mineral
(0,96-1,25%) e de carboidratos, com teores inferiores a 1% (Romvari et al.,2002). Em estudos
recentes sobre o efeito de proteinas e lipideos da dieta na composicao centesimal de filés de
jundid, os seguintes teores médios foram encontrados 74-76,8%, 20,9-16,4%, 3,6-7,4% e 1,2-
1,4% para umidade, proteinas, lipideos e cinzas, respectivamente (Lazzari et al., 2006,
Losekann, 2006). O valor nutricional de fishburger e analogos dependera da espécie de peixe
e dos ingredientes utilizados na fabricacdo do produto e, a utilizacdo de gordura vegetal
hidrogenada e carboidratos como coadjuvantes do processo geralmente aumentam o valor
calorico final do produto (Oetterer, 2002).

Além da presenca de aminoacidos essenciais, como metionina e lisina, a
digestibilidade da proteina de pescados ¢ responsavel pelo elevado valor bioldgico, superior
ao de outras fontes animais como ovos, leite ¢ carne bovina (Oetterer, 2002, Baldisseroto ¢

Radiinz Neto, 2004).

Muitas pesquisas foram realizadas com o propoésito de determinar o perfil de acidos
graxos dos peixes e os fatores que influenciam na composi¢do da fragado lipidica (San’t Anna
e Mancini-Filho, 2000, Rasoarahona et al., 2004, Nielsen et al., 2005, Losekann, 20006),
devido a presenga de acidos graxos poliinsaturados, principalmente os da familia n-3 (omega-
3).

As principais fontes de 4cidos graxos n-3, principalmente os 4cidos eicosapentandico
(EPA, C20:5 n-3) e docosahexaendico (DHA, C20:6 n-3) sdo os peixes de origem marinha,
em funcdo destes manterem-se fluidos em baixas temperaturas, contrastando com animais de
aguas mais quentes, que geralmente apresentam concentragdes de acidos graxos
poliinsaturados inferiores aos citados anteriormente. No entanto, algumas espécies de agua
doce apresentam maiores quantidades de acidos graxos poliinsaturados n-3, principalmente

quando cultivadas em ambiente natural, devido ao fato de suas dietas conterem niveis mais



19

elevados do mesmo (Suaréz-Mahecha et al., 2002). Um estudo sobre a quantidade de EPA e
DHA em 17 espécies de agua doce brasileiras relatou que na maioria dos peixes examinados
sdo Otimas fontes de &cidos graxos poliinsaturados n-3, representando até 27% dos acidos

graxos em algumas espécies (Andrade et al.,1997).

Os 4cidos graxos sdo freqiientemente nomeados em forma abreviada de acordo com
suas estruturas quimicas e sao classificados conforme o nimero de insaturagdes em saturados,
monoinsaturados e poliinsaturados (Gomez, 2003 — Tabelal). As familias de 4cidos graxos
omega-3 (®-3 ou n-3) e Omega-6 (w-6 ou n-6) consistem em 4cidos graxos poliinsaturados
(PUFAs, “polyunsaturated fatty acids”) contendo de 18 a 22 carbonos. A designag¢do de
omega tem relagdo com a posi¢cdo da primeira dupla ligacdo, contando a partir do carbono
metilico terminal. Os principais acidos graxos dessas familias sdo o acido linolénico (C18:3 n-
3), precursor dos acidos eicosapentanodico (EPA, C20:5 n-3) e docosahexaendico (DHA,
C20:6 n-3), e o acido linoléico (C18:2 n-6), precursor do acido araquidénico (C20:4 n-6)
(Suérez-Mahecha et al., 2002, Fennema, 2000).



Tabela 1 — Nomes dos principais acidos graxos
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Nome comum Abreviatura Nomenclatura
Acidos graxos saturados
Butirico C4:0 Butanodico
Caprdico C6:0 Hexanoico
Caprilico C8:0 Octandico
Caprico C10:0 Decandico
Laurico C12:0 Dodecandico
Miristico C14:0 Tetradecanodico
Palmitico Cl16:0 Hexadecanoico
Estearico C18:0 Octadecandico
Araquidico C20:0 Eicosandico
Behénico C22:0 Docosanoico

Acidos graxos monoinsaturados

Palmitoléico
Oléico
Elaidico
Gondoico
Ertcico
Brassidico
Cetoléico

Nervonico

Cl16:1, n-7 cis
C18:1, n-9 cis

C18:1, n-9 trans
C20:1, n-9 cis
C22:1, n-9 cis

C22:1, n-9 trans
C22:1, n-11 cis
C24:1, n-9 cis

9-hexadecaendico
9-octadecaenodico

9-octadecaendico
11-eicosendico
13-docosendico
13-docosenoico
11-docosenoico

15-tetracosendico

Acidos graxos poliinsaturados

Linoléico
a-Linolénico
y-Linolénico
Columbinico
Araquiddnico

Timnodonico (EPA)
Clupanodonico (DPA)
Cervonico (DHA)

Cl18:2,n-6
C18:3,n-3
C18:3, n-6
C18:3, n-6
C20:4, n-6
C20:5, n-3
C22:5,n-3
C22:6, n-3

9,12-octadecadiendico

9,12,15-octadecatriendico

6,9,12-octadecatriendico

5,9,12-octadecatrienoico

5,8,11,14-Eicosatetraenodico
5,8,11,14,17- eicosapentaenoico

7,10,13,16,19- docosapentaendico
4,7,10,13,16,19-Docosahexaendico

Fonte: Linscheer e Vergroesen (1994 ) appud Gomez (2003).
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Em mamiferos os acidos graxos sdo fisiologicamente importantes porque fazem parte
de fosfolipideos e glicolipideos de membranas, atuam como modificadores lipofilos de
proteinas, sdo precursores de hormdnios e mensageiros intracelulares e sdo moléculas
fornecedoras de energia. Os acidos graxos podem ser sintetizados pelo organismo através do
sistema enzimatico acido graxo sintase, elongases ¢ dessaturases (Figura 1). No entanto, os
mamiferos ndo possuem enzimas capazes de sintetizar os acidos linolénico e linoléico, sendo
considerados 4cidos graxos essenciais e devendo ser supridos pela dieta. Uma vez ingeridos
esses acidos graxos sofrem a acdo de elongases e dessaturases dando origem aos acidos

graxos de cadeia longa n-3 e n-6 citados anteriormente (Stryer, 1994).

A capacidade de formacao de EPA e DHA ¢ limitada em humanos, predominando os
acidos graxos n-6 e n-9. Isto ocorre porque, 0 mesmo sistema de elongagdo e dessaturagao ¢
responsavel pela formacao dos 4cidos graxos das séries n-3 (EPA, DHA) e n-6 (araquidénico)
e, uma alta ingestdo de acidos graxos n-6 em relacdo a n-3 resultard na deplecdo de acidos
graxos EPA e DHA como resultado da competicdo enzimatica entre esses dois grupos.
Diversos estudos tém evidenciado os efeitos benéficos desses dcidos graxos essenciais para a
saude humana e, mais relevante que isto, uma propor¢do adequada entre PUFA n-6/n-3. A
Organizacdo Mundial da Satde e outras associacdes, como a Sociedade Brasileira de
Alimentagdo e Nutricdo, e o Departamenteo de Satide do Reino Unido recomendam que a
razdo de acidos graxos poliinsaturados n-6/n-3 esteja entre 3:1 e 4:1 (Horrocks e Yeo, 1999 e
Suarez-Mahecha et al., 2002). No entanto, as razdes estimadas para populacdes ocidentais sdo
bem maiores do que as recomendadas, com valores entre 20:1 e 25:1 de acidos

poliinsaturados n-6/n-3 (Simopoulos, 1999).

Recomendacgdes sobre o consumo didrio de 4dcidos graxos essenciais, saturados e trans
foi um dos principais assuntos debatidos no Workshop realizado no Instituto Nacional da
Satde em Bethesda (Maryland, USA). Neste encontro ficou estabelecida a forte relagdo entre
a diminuicao da razdo n-6/n-3 com os beneficios relacionados ao sistema cardiovascular e

bom desenvolvimento cerebral de recém-nascidos (Simopoulos et al., 2000).
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O consumo de quantidades maiores que as recomendadas do 4acido linoléico e
araquidonico resultam na producdo excessiva de eicosandides e perdxidos da série dos
leucotrienos By, protaglandinas E, (PGI,) e tromboxanos A, (TXA,) que possuem efeitos de
inducdo do processo inflamatdrio, vasoconstrigdo e agregacdo plaquetdria. No entanto, a
ingestdo de EPA ¢ DHA a partir de peixes ou oOleos de peixes levard a um aumento na
producdo de tromboxanos As (TXAj3) e leucotrienos Bs que possuem menor efeito
vasoconstritor e agregador plaquetario que os eicosandides produzidos pelo dacido
araquidonico. Além disso, a partir de 4cidos graxos n-3 sdo produzidas também prostaciclinas

I3 (PGI;3) que possuem efeitos vasodilatadores e antitrombdticos (Simopoulos,1999).

O acido eicosapentanodico (EPA, C20:5 n-3) e o 4cido docosahexaenodico (DHA, C20:6
n-6) apresentam efeitos redutores sobre os teores de trigliceridios e colesterol sangiiineo,
reduzindo conseqilientemente os riscos de doengas cardiovasculares como arteriosclerose e
enfarto do miocardio (Rivellese et al., 2003, Liu et al., 2003). Além disso, os acidos graxos da
familia n-3 sdo essenciais para o desenvolvimento das células nervosas (neuronios e células
gliais) durante a formagdo do feto e, sua caréncia durante a gestagdo acarreta em tragicas

conseqiiéncias para a vida extra-uterina futura (Horrocks e Yeo, 1999).

2.4. Estabilidade de pescados congelados

A perda da qualidade em pescados inicia-se logo apds seu abate como resultado de
diversas e complexas reagdes fisicas, quimicas, microbioldgicas e histologicas que modificam
suas caracteristicas sensoriais € nutricionais. A velocidade com que cada uma dessas
alteracdes ocorre ird depender de fatores que podem ser controlados durante o processamento
e/ou conservagdo de pescados (Santos-Yap, 1995).

A temperatura ¢ um dos fatores mais importantes no controle das alteragdes em
pescados, sendo que a refrigeragdo e/ou congelamento sdo freqiientemente aplicados para
diminuir as alteragdes provocadas por microrganismos € por enzimas autoliticas (Santos-Yap,
1995).

Em pescados refrigerados, a autdlise e a proliferagdo de microrganismos sdo os
principais fatores de declinio da qualidade. Sendo assim, a avalia¢ao da estabilidade de peixes
refrigerados esta focalizada na determinacdo de alteragdes causadas principalmente por
microrganismos, formagdo de aminas volateis, degradacdo de nucleotideos e proteinas

(Aubourg, 1999).
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Considerando que a agdo de baixas temperaturas previne o desenvolvimento de
microrganismos € que a contagem inicial ¢ reduzida durante o congelamento, a desnaturagao
protéica, a hidrélise e oxidagdo dos lipideos sdo as principais reacdes de deterioragdo de
pescados congelados. Alteracdes nutricionais e, principalmente sensoriais sdo resultantes da
presencga dos produtos finais dessas reagdes. Sendo assim, a rejei¢do de alimentos susceptiveis
a oxidagdo, entre eles os pescados congelados, se da com o aparecimento de sabores de rango

e mudancas na textura (Erickson, 1997, Aubourg et al.,1998, Tokur et al.,2006).

2.4.1. Oxidacao lipidica

Os lipideos além de apresentarem um papel importante com relagao as propriedades
organolépticas dos alimentos (sabor, odor, cor e textura), sdo importantes fontes de energia,
acidos graxos essenciais e vitaminas. A oxidagdo dos lipideos pelo ataque de radicais livres
pode ser muito prejudicial devido a velocidade com que ocorre e pelas alteragcdes observadas

nos estagios finais da oxidacao levando a rejeicdo do produto (Erickson, 1997).

Entre outros fatores, o teor de lipideos e a composicdo de &cidos graxos sdo os
principais determinantes da velocidade de oxidagdo e do aparecimento de compostos de sabor
e odor desagradavel em pescados congelados. Geralmente, a extensdo da reacdo de oxidagao
em peixes gordos (>8,0g %) tende a ser maior que em peixe magros (2,0-3,0 g %) e o nimero
de insaturagdes torna a gordura mais suscetivel ao ataque de radicais livres (Santos-Yap,
1995). O jundid apresenta valores médios de lipideos iguais a 6% e, além disso,
aproximadamente 24% desses lipideos s3o compostos por acidos graxos poliinsaturados e

44% 4cidos graxos monoinsaturados (Losekann, 2006).

A molécula de um triglicérideo apresenta dois pontos de maior susceptibilidade a
alteracdes oxidativas. O primeiro ¢ a ligacdo éster entre a carbonila do 4acido graxo e a
hidroxila do glicerol. Neste ponto, por agdo de lipases e da fosfolipase A do musculo pode
ocorrer a liberacdo de acidos graxos durante o congelamento de pescados (Fenema, 2000,
Regitano-d’Arce, 2006). A hidrolise de triglicerideos, além de promover uma aceleracdo no
processo de oxidagdo, pode resultar em alteragdes na textura por promover a desnaturagido

protéica em proteinas miofibrilares (Santos-Yap, 1995).

Em pescados, a metodologia mais comumente utilizada na determinacdo de acidos
graxos livres consiste na determinagdo colorimétrica da formacdo de complexos acetato
cuprico/piridina (Lowry e Tinsley, 1976). Os resultados sdo expressos através de uma curva

construida com acido oléico.
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As insaturacdes presentes em acidos graxos que compdem a molécula de triglicerideos
sdao o segundo ponto de maior reatividade da molécula, susceptivel ao ataque do oxigénio. A
auto-oxidac¢do de lipideos em alimentos envolve uma reacdo em cadeia, que ¢ geralmente
iniciada pela formagdo de radicais livres através de exposi¢do do alimento a luz, ao calor
produzido em tratamentos térmicos, a radiagdo ionizante, a ions metalicos ou ainda pela agao

de enzimas (Regitano-d’Arce, 2006, Erickson e Hung, 1997).

Os radicais livres formados durante a fase de iniciacdo da oxidacdo lipidica abstraem
um hidrogénio de liga¢des duplas dos acidos graxos insaturados, preferencialmente de acidos
graxos poliinsaturados, resultando na transformagdo desses acidos graxos em radicais livres
centrados em carbono (R*). Esses radicais, por sua vez, reagem com o oxigénio molecular
dando origem aos lipoperoxidos (ROO®), compostos com alto potencial redutor (1000 mV).
Os lipoperoxidos aceleram a reacdo de oxidagdo reagindo com outras moléculas de acidos
graxos adjacentes dando origem a hidroperéxidos (ROOH) e novos radicais livres (R*). Os
hidroperéxidos formados podem sofrer isomerizacdo geométrica dando lugar aos isdmeros
trans (Choe e Min, 2005, Fenema, 2000).

Em 4cidos graxos poliinsaturados, os radicais formados (R®) apresentam um
deslocamento da dupla ligacdo devido a estabilizacdo por ressondncia, dando origem a
hidroperéxidos isoméricos com grupos de dienos conjugados (Fenema, 2000). O teor de
dienos conjugados pode ser determinado através de absor¢do de luz ultravioleta a 233 nm
(Recknagel & Glend, 1984). O surgimento de compostos de oxidagdao primaria em pescados,
acompanhado através da determinagdo dienos conjugados, ¢ discutido em muitos trabalhos
(Aubourg et al., 1998, Undeland et al., 1998, Pazos et al., 2005, Sanchez-Alonso et al., 2007).

A forca de ligacdo do hidrogénio em grupos metilénicos duplamente alilicos ¢ menor
do que naqueles com apenas uma insaturacdo. A forca de ligagao do hidrogénio no acido
linoléico ¢ de 52 Kcal/mol, enquanto que para o acido oléico ¢ de 77 Kcal/mol. Por este
motivo, as gorduras poliinsaturadas apresentam menor estabilidade a oxidagdo que as

monoinsaturadas (Regitano-d’Arce, 2006).

Durante a reacdo de oxidacdo tanto a formagdo quanto a decomposicdo dos
hidroperoxidos estd ocorrendo. Nas fases iniciais a velocidade de formagdo ¢ maior que a de
decomposi¢do porém, com a diminui¢do da quantidade de substratos oxidaveis a velocidade
de formagao diminui e, os hidroperéxidos e seus produtos de degradacdo sofrem condensagao
formando dimeros e polimeros. Estes compostos sdo volateis e apresentam sabor ¢ odor

desagradavel, dando origem ao odor de ranco caracteristico de produtos oxidados. A
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formacao de aldeidos, cetonas, alcoois, acidos e hidrocarbonetos de cadeia curta caracterizam

a etapa final de oxidacdo em alimentos (Fennema, 2000, Choe ¢ Min, 2005).

Tanto os niveis de peroxidos, como dos produtos finais da degradacdo de lipideos
insaturados em alimentos podem ser determinados durante a estocagem sob congelamento de
alimentos. As metodologias mais utilizadas para a determina¢do de peroxidos em pescados
baseiam-se na oxidacdo do ferro (Fe’) a fon férrico (F&™) por acdo dos peroxidos, o qual é
dosado por colorimetria sob a forma de tiocianato férrico (Chapman e Mackay, 1949).
Existem outros métodos bastante utilizados para a determina¢do do indice de perdxidos,
dentre eles podemos citar o método iodométrico de Lea (LEA), que mede o iodo produzido a
partir da decomposicao do iodeto de potassio; e a quimiluminescéncia, que mede a quantidade
de energia produzida pela transi¢ao dos elétrons do estado excitado ao estado fundamental, no
decurso da formagao de perdxidos (Silva at al., 1999).

Os compostos formados pela decomposicdo de hidroperoxidos, produtos secundarios
da oxidacao de lipideos, sdo geralmente avaliados pela quantificagdo de substancias reativas
ao 4cido tiobarbitirico (TBA). Essa reagdo determina principalmente o malondialdeido
(MDA) que reage com o TBA produzindo um composto de coloragdo vermelha, que pode ser
medido espectrofotometricamente a 534 nm. A quantificacdo geralmente ¢ feita com os
padrdes 1,1,3,3-tetrametoxipropano (TMP) ou 1,1,3,3-tetractoxipropano (TEP) que no meio
acido do teste liberam MDA (Buege e Aust, 1979). Outra metodologia bastante utilizada para
a determinagdo de compostos volateis resultantes da decomposi¢do de perdxidos ¢ a
identificagdo de hidrocarbonetos (pentano, n-hexano, etano), aldeidos (pentanal, hexanal,
hexenal, 2-octenal, 2-nonenal), cetonas (1,5-octadien-3-ona, 1-octen-3-ona) ou acidos (acido
formico) por cromatografia gasosa de injecao direta ou headspace (Silva at al., 1999).

Tanto a determinagdo do indice de perdxidos (IP) como a determinagdo de substancias
reativa ao TBA ¢ metodologias bastante empregadas na avaliacdo da estabilidade oxidativa de
pescados e produtos de pescados (Aubourg, 1998, Siddaiah et al., 2001, Tokur et al., 2004,
Yerlikaya et al., 2005, Pazos et al., 2006). Geralmente, a diminui¢ao do IP ¢ acompanhada por
um aumento na formac¢ao de aldeidos identificados pelo teste do TBA como um resultado do
envolvimento dos compostos primarios da oxidagdo na formacdo dos produtos finais da

reacao.
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2.4.2. Antioxidantes

As alteragdes provocadas devido a oxidacdo de acidos graxos poliinsaturados sao
relevantes ndo somente em relacdo a qualidade de alimentos congelados, mas também, sob o
enfoque econdmico, visto que limitam a vida de prateleira destes produtos. Diversas
tecnologias foram desenvolvidas com o objetivo de evitar essas alteracdes durante
processamento ¢ armazenamento de alimentos. Dentre as medidas que permitem limitar o
fenomeno de oxidacdo, o uso de embalagens a vacuo (Prentice-Sainz, 2005), atmosfera
modificada (Lopes et al., 2004), antioxidantes (Tang et al.,2001b, Benjakul et al., 2005, Pazos
et al. 2006), ou ainda a combinacdo desses métodos (Khalil e Mansour, 2001), ja foram
testados na preservagao de pescados.

Antioxidantes sdo substancias que em pequenas concentragdes sdo capazes de retardar
o inicio e/ou impedir a progressdo das reacdes de oxidacdo em alimentos sem ocasionar
mudangas nutricionais ou sensoriais. Em sistemas alimentares, existem antioxidantes
endogenos que conferem certo grau de protecdo contra a oxida¢do. No entanto, estes
antioxidantes sdo perdidos durante o processamento e armazenamento sendo necessaria a
adicao de antioxidantes exdgenos ou adocao de outras técnicas de protecdo contra a oxidagao
de lipideos (Madhavi et al., 1995). Pazos et al. (2005) avaliou a capacidade de procianidinas
provenientes de subprodutos da uva, na prote¢do de sistemas antioxidantes endogenos (o-
tocoferol, ubiquinona e glutationa) de cavala (Scomber scombrus). A interrup¢ao da reagao
em cadeia de oxidacdo lipidica pelos antioxidantes em alimentos ndo estd completamente
elucidada, principalmente sob certos aspectos, como a interagdo entre constituintes do meio.
O emprego de antioxidantes em formulagdes ¢ muitas vezes empirico, de tal modo que a
garantia de sua eficacia nem sempre existe (Silva et al., 1999).

Geralmente, os antioxidantes utilizados em alimentos atuam em uma primeira linha
de defesa, impedindo a geracdo de espécies reativas ou através da retirada das mesmas de
forma a reduzir a interagdo com substratos oxidaveis, sendo classificados como antioxidantes
de acdo primaria. Além disso, a agdo antioxidante pode ocorrer através do seqiiestro de
radicais intermediarios (ex. peroxil ou alcoxil), bloqueando a etapa de propagacao da reagao
em cadeia (chain breaking). Os compostos antioxidantes formados apds a neutraliza¢do de
radicais livres ndo sdo capazes de oxidar outras moléculas de lipideos e podem formar
complexos com lipoperoxidos impedindo as reagdes de propagacdo da oxidacdo (Erickson e
Hung, 1997, Madhavi et al., 1995).

Os principais antioxidantes sintéticos utilizados em alimentos sdo os fendis com varias

substitui¢des no anel como o butil hidroxianisol (BHA), butil hidroxitolueno (BHT) e a terc
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butilhidroquinona (TBHQ). Estes compostos sdo excelentes doadores de elétrons ou de
hidrogénio e, além disso, seus radicais intermedidrios sao relativamente estaveis devido a
deslocagdo por ressondncia e a falta de posicdes moleculares apropriadas para serem atacadas
pelo oxigénio molecular. No entanto, apesar destes compostos serem efetivos em baixas doses
e apresentarem baixo custo de produgdo, sua substitui¢do por compostos naturais € proposta
em diversas pesquisas (He e Shahidi, 1997, Tang et al. 2001b, Rey et al., 2005, Sebranek et
al., 2005, Pazos et al., 2005), devido a existéncia de efeitos toxicos relacionado a
antioxidantes sintéticos.

A avaliagdo do grau de eficacia de sistemas antioxidantes em modelos alimentares
pode ser verificada através das metodologias de determinacao da estabilidade oxidativa,
citadas anteriormente. A capacidade antioxidante ¢ representada pelo aumento do tempo de

inducdo ou retardo na velocidade de formagao dos produtos de oxidagdo (Silva et al., 1999).

Diversas metodologias sdo utilizadas na determinagdo direta da capacidade
antioxidante total por colorimetria, sendo que as mais empregadas atualmente baseiam-se na
descoloracdo de radicais estaveis pela acdo “scavenger” de antioxidantes. O 4cido 2,2’-azino-
bis(3-etilbenzotiazolina-6-sulfonico (ABTS*") e o 1,1-difenil-2-picrilidrazil (DPPH") sdo os
radicais empregados nessas metodologias e, sua redugdo por antioxidantes (A) (ABTS" ou
DPPH’ +A — ABTS-H ou DPPH-H + A) é responsavel pela diminui¢do da absorbancia a 734
nm ou 515 nm, respectivamente. O potencial antioxidante de redugdo do ferro (FRAP, ferric
reducing power) ¢ outra medida bastante utilizada e baseia-se na capacidade dos antioxidantes
em reduzir ferro (Fe’") a Fe*". Em condi¢des 4cidas, o fon Fe*" forma um complexo de
coloracio amarela com 2,4,6-tri(2-piridil)-s-triazina  (Fe*"- TPTZ) medido em 593 nm

(Huang et al., 2005).
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2.4.2.1. Antioxidantes Naturais

Os compostos antioxidantes naturais estdo presentes em sementes, frutas, folhas e
raizes. Recentes pesquisas tém proposto o isolamento de compostos fendlicos de subprodutos
agroindustriais visando seu reaproveitamento como antioxidantes e, conseqlientemente, a
diminuigdo do impacto ambiental resultante do processamento industrial. Acidos fenélicos,
flavonoides e taninos sdo os principais compostos fendlicos encontrados em fontes vegetais.
A atividade antioxidante destes compostos pode ser explicada pela capacidade de doar
elétrons ou atomos de hidrogénio, sem perder sua estabilidade ou, ainda, através da quelagao

de metais impedindo sua atividade catalitica (Balasundran at al., 2006).

A manga (Mangifera indica), espécie originaria da Asia, atualmente é produzida em
mais de 100 paises, sendo a maior parte em paises em desenvolvimento, como India,
Paquistdo, México, Brasil e China (Pizzol et al., 1998 apud Perosa e Pierre, 2002).
Considerando que a pele e sementes de manga representam cerca de 7-24% e 9-40% do total
do peso da fruta, respectivamente, pesquisas avaliando o teor de fenolicos totais e a
capacidade antioxidante nestes subprodutos foram realizadas (Berardine et al., 2005, Soong e
Barlow, 2004, Soon ¢ Barlow, 2006).

Soong e Barlow (2004) relataram que a capacidade antioxidante e o teor de fendlicos
totais presentes na améndoa da semente de manga sao superiores ao extraido da polpa da fruta
e, sugerem que este subproduto poderia ser uma boa fonte antioxidantes para alimentos. O
acido gélico e elagico sdo os principais compostos fenolicos ja identificados na améndoa da
semente (Soong and Barlow, 2006).

O maracuja ¢ uma fruta tropical disponivel praticamente durante todo o ano e, é
considerada uma fruta exoética e atraente. Geralmente ¢ utilizada para a producdo de sucos,
representando 30% do peso da fruta. A producdo mundial em 2001 foi igual a 780.000
toneladas, sendo que o Brasil ¢ o Equador representaram 70% do mercado (Frei, 2001 apud
Talcott et al., 2003). Nao existem pesquisas que avaliem o teor de fendlicos e a capacidade
antioxidante dos residuos gerados ap6s o processamento desta fruta. No entanto, a avaliagdo
da atividade antioxidante e do teor e composi¢do de compostos fendlicos presentes no suco da
fruta ja foram realizados e indicaram a presenga de diversos compostos fitoquimicos com
propriedades antioxidantes (Talcott et al., 2003)

O péssego ¢ uma fruta de clima temperado cuja producdo brasileira foi igual a 240.000
toneladas em 2005 (FAOSTAT, 2007). O teor de compostos fenolicos na polpa submetida a

processo de desidratacao (Rababah et al., 2005) e em diferentes cultivares de péssego (Gil et
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al., 2002) foram avaliados e uma alta correlagdo da concentragdo de fenolicos com a atividade
antioxidante foi relatada. Estudos sobre a presenca de compostos fendlicos nas outras partes

do fruto e sua atividade antioxidante nao foram encontrados na literatura utilizada.
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Abstract

The utilization of filleting wastes from silver catfish in the formulation of fishburgers was
evaluated by replacing grounded fish fillets with increasing levels (0-control, 20, 50, and
80%) of pulp obtained from filleting wastes (PFW). Fat content of burgers increased with
increasing levels of PFW (p>0.05). Burgers with 50-80% PFW had lower n-6/n-3 ratio than
control (p<0.05). Fat and moisture retention after cooking were not affected by PFW, while
cooking yield increased in burgers with 50% PFW when compared to all other formulations
(p<0.05). Texture and juiciness were not affected by PFW. However, burgers containing 80%
PFW had lower overall acceptance than controls (p<0.05). Results indicated that production
of fishburgers may be a valuable alternative for wastes from silver catfish filleting. Filleting
wastes could substitute up to 50% of fish fillets with no changes in sensory acceptance and an

improvement of nutritional value and cooking characteristics.

Keywords: Fatty acids, chemical composition, sensory analysis, CIELab, cooking

characteristics.
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1. Introduction

World aquaculture had a high growth during the last fifty years. Production increased
from less than a million tones in the early 1950s to 59.4 million tones by 2004 corresponding
to almost 50 percent of the world’s food fish. Hence, aquaculture is perceived as having the
greatest potential to meet the growing demand for aquatic food (FAO, 2006). Brazil is one of
the thirty countries with the highest aquaculture production. However, brazilian annual fish
consumption is one of the lowest 6.8 kg per capita (FAO, 2005). This probably occurs due to
the low quality and variety of fish food products available in Brazil, and also high cost

(Oetterer, 2002).

Increase of civilization or socioeconomic factors like the increasing number of
working women observed in the last years increased consumer’s preference for ready-to-eat
foods. Thus, many efforts have been made to improve the quality and stability of these foods
and those made from fish are becoming very popular (minced, burgers, fish fingers, marinated
products, etc.) (Cakli, 2005, Koiise et al., 2006, Sebben et al., 2000, Yerlikaya et al., 2004).
Fish patties and fingers were suggested as convenience products from carp and they were
preferred to traditional preparations of this fish (Sehgal and Sehgal, 2002)

Silver catfish (Rhamdia quelen, Heptapteridae) is an omnivorous freshwater fish that
is found from southern Mexico to central Argentina. The husbandry of this species is
spreading in Brazil, Uruguay, and Argentina (Gomes et al., 2000). This species has attracted
great interest in southern Brazil due to its resistance to handling, fast growth even in the
winter months, and good feed efficiency. The absence of intramuscular bones and good
acceptance by consumers are some characteristics that could facilitate the industrial filleting

process of silver catfish (Fracalossi et al.,2002).
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In recent years many researches have been developed for determining the best
cultivation conditions supporting the increase of silver catfish production (Coldebella e
Radiinz Neto, 2002; Melo et al., 2002; Meyer e Fracalossi, 2004; Copatti et al., 2005; Lazzari
et al., 2006). However, to the best of our knowledge researches about the use of silver catfish
fillets and filleting wastes in processed fish products like burgers or patties are lacking. The
objective of the present work was to evaluate the effect of increasing levels of pulp obtained
from filleting wastes on nutritional, cooking, and sensory quality of fishburgers produced

from silver catfish fillets.

2. Material and methods
2.1. Raw material

Fresh silver catfish (Rhamdia quelen) (800 + 200g) were obtained from local market
at Santa Maria city (RS, Brazil) in may 2006. After purchasing, fish were transferred to the
laboratory in bags. On arrival at the laboratory, they were washed in cold water with 5 ppm
chlorine, beheaded, gutted, and filleted. The yield of fish flesh achieved by hand-filleting was
25.7%. Abdominal muscle and backbone without fins were considered as wastes of the
filleting process (19.79% of yield). Both fillets and wastes were washed in cold water
containing 5 ppm of chlorine and refrigerated (+ 4°C) for up to 24 hours until burger

formulation.

2.2. Burger formulation
Three independent replicates were made for each fishburger formulation in a meat
pilot plant (Department of Alimentary Technology and Science, UFSM). Filleting wastes
were passed twice through a meat grinder fitted with a 2 mm plate to obtain fish pulp without

visible fishbone (75% of yield). Fish fillets were grounded with a 5 mm plate (89.3% of
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yield). Formulation of control fishburgers (no pulp from filleting wastes) was composed of 88
g silver catfish grounded fillet and 12 g textured soy protein (previously hydrated 1:2 w/v in
tap water) for a 100 g batter. Hydrogenated vegetable fat (5%), ice slurry (10%), wheat flour
(5%), salt (1.25 %), white pepper powder (0.04%), onion powder (0.1%), garlic powder
(0.1%), coriander powder (0.2%), monosodium glutamate (0.5%), sodium ascorbate (0.3%),
sodium tripolyphosphate (0.3%), and sorbitol (4%) were used as ingredients. Based on control
formulation, three other formulations were made by replacing grounded fish fillets with fish
pulp from filleting wastes at different proportions (20, 50, and 80%). All formulations were
kneaded by hand until homogenous dough was obtained. Portions of 60 g were shaped in a
circular mould (9 cm diameter), packaged in low-density polyethylene bags, and stored inside

plastic boxes at — 20°C until required for analysis.

2.3. Chemical analysis
Moisture was determined by the weight loss after 4 hours at 60°C in an assisted air

circulation oven, followed by 8 hours at 105°C (AOAC, 1995). Ash content was determined at
550°C (method 923.03) according to AOAC (1995). Crude protein (N x 6.25) was determined
by the microKjeldahl procedure (method 960.52) of the AOAC (1995). Fat was extracted
using chloroform and methanol as described by Bligh and Dyer (1959) and used for
determination of fat content and fatty acid profile. To prevent lipid oxidation during and after
extraction, 0.02% butyl hydroxy toluene was added to the chloroform used. All assays were
performed in raw and cooked fishburgers, as well as in the fish pulps obtained from filleting
wastes. A silver catfish pulp from filleting wastes was also obtained using an industrial fish
deboning machine (High tech, HT 250, Chapec¢ city, SC, Brazil) in a fish processing plant
(Unipeixe, Ajuricaba, RS, Brazil) and was analyzed for comparison purposes. Burgers were

cooked in a preheated Black & Decker grill model G48, with thermostat set at 350°C, during
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10 minutes (5 min in each side). The average core temperature at the end of the cooking

process was around 80°C.

2.4. Fatty acid methyl esters (FAMES)

Aliquots (2-3 ml) of chloroform-lipid extract from Bligh and Dyer (1959) were
evaporated at 50°C using a vacuum pump. Fat was saponified in methanolic KOH solutions
and then esterified in methanolic sulfuric acid solution as described by Hartmann and Lago
(1973). Methylated samples were analyzed using an Agilent Technologies gas chromatograph
(HP 6890) fitted with a capillary column DB-23 (50% cyanopropyl-methylpolysiloxane, 60 m
x 0.25 mm x 0.25 pum) and flame ionization detection. The temperature of the injector port
and the detector was set at 250°C, and the carrier gas was nitrogen (0.6 ml/min). After
injection (1ul, split ratio 50:1), the oven temperature was hold at 120 °C for 5 min, increased
to 240 °C at a rate of 4°C min™', and hold at this temperature for 10 min. Results were

expressed as percentage of total area of the identified fatty acids.

2.5. Cooking characteristics
Cooking yield, fat retention, and moisture retention were determined as described by
Alesson-Carbonell et al. (2005). Weight of fishburgers were measured before and after
cooking process in six fishburgers of each formulation. Cooking process was the same used
for chemical analysis. Cooking characteristics were calculated as follows:

cooking yield (%) - _cooked weight x 100

uncooked weight

Fat retention (%) - cooked weight x %fat in cooked burger x 100

raw weight x %fat in raw burger
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Moisture retention (%)= cooked weight x %moisture in cooked burger x 100

raw weight x %moisture in raw burger

2.6. Color measurement

Color measurements of crude and cooked samples were made with a colorimeter
(Minolta Chromameter, CR-300, Osaka, Japan), which measures the reflectance of the sample
in comparison to a standard calibration plate (number 15233011) using the CIE Lab color
scale (Commission Internationale de I’Eclairage, Vienna, Austria, 1976). The standard
illuminant used was D65 and 10° supplementary standard observer. The measured color
parameters were L~ (lightness), a (redness), b~ (yellowness), hue angle [tan™(b"/a")] and
chroma [(a™® + b™®)"?]. The chroma is an expression of the saturation or intensity and clarity
of the color. Hue angle, which is the observable color, is defined as starting at the +a" axis and
is expressed in degrees; 0° would be +a" (red), 90° would be +b" (yellow), 180° would be —a"
(green), and 270° would be -b" (blue). Each sample was analyzed four times after turning 90°

from the previous reading.

2.7. Sensory evaluation
Panelists were selected by a questionnaire for determining their interest in

participating and possible factors of exclusion like allergic problems, smoking habit and
others. Training sections for development of unique concern about the select parameters
studied were made. A triangular test was applied after training process for exclusion of non-
sensible panelists. Twelve trained panelists were selected for sensory evaluation of cooked
fishburgers. Each sample was cooked as described in chemical analyses, codified, and
randomly offered to the panelists at similar amount and temperature. All formulations were

analyzed with a descriptive test according to Brazilian Association of Technical Rules (NBR
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14140, ABNT, 1995). Sensory attributes evaluated were texture (1, very soft; 5, very firm)
and juiciness (1, very juicy; 5, very dry) using a five-point hedonic scale. Unsalted crackers
and room temperature water were provided to clean the palate between samples.

Overall acceptability was evaluated using an ordering test that was carried out with
non-trained panelists. Analyses followed the methodology described by Meilgaard et al.
(1991). Panelists (34) received four samples of fishburgers (0, 20, 50, and 80% filleting waste
pulp) and were asked to order samples according to the increase of overall acceptability, so

that the most preferred sample received the highest score.

2.8. Statistical analysis
All measurements were made in duplicate and the results are means of three

independent experiments. Conventional statistical methods were used to calculate means and
standard errors. Proximate composition, fatty acid composition, and color parameters data
were evaluated using two-way analysis of variance (ANOVA) for (4 formulations x 2 cooking
states), while cooking parameters and sensory attributes were evaluated by one-way ANOVA.
Post hoc comparisons were made using Tukey’s test (p<0.05). Statistical analyses were
carried out using Statistica 6.0 (Copyright© Stat Soft, Inc 1984-2001). Results of the ordering

test analysis were evaluated based on the Newell and Mac Farlane’s table (Dutcosky, 1996).

3. Results and discussion
3.1. Chemical composition
Proximate composition of fishburgers is shown in Table 1. A significant decrease of
moisture content was observed due to the cooking process. This moisture loss caused an

increase of the other nutrients in cooked burgers. No differences were observed in moisture,
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ash, or protein content among the different fishburger formulations either before or after the

cooking process.

The raw fishburgers formulated with 50 and 80% filleting waste pulp had significantly
higher fat content than control burgers (p<0.05). However, after cooking only fishburger with
80% filleting waste pulp had higher fat content when compared to the other burgers (p<0.05).
Chemical composition is affected by the region of the body fish used for the determinations.
Usually abdominal and caudal regions have the highest concentration of fat (Contreras-
Guzman, 1994). This can be the reason for the increase of fat in the formulations with the
higher amount of filleting waste pulp.

The remaining percentages of the total chemical composition analyses are thought to
be due to carbohydrate. Among the different formulations there was no difference on
carbohydrate content and the values ranged from 4.30 to 7.17 g % for cooked samples and
from 3.64 to 5.87 g % for uncooked samples. In general, fish are known to have low amounts
of carbohydrate in their muscle (Tokur et al. 2006). However, the higher amount of
carbohydrate observed might be derived from the ingredients used in fishburger formulation
such as wheat flour.

Chemical composition results were similar to those found for fish fingers made from
unwashed fish fillet mince of mirror carp (Cyprinos carp) that showed values of 68.5%, 15.5
%, 6%, 2.2 % and 7.8 % for moisture, protein, lipid, ash, and carbohydrate content,
respectively (Tokur et al. 2006).

The fish pulp used in fishburger formulations in this study was obtained using a meat
grinder in the laboratory. However, its proximate composition (79.0 + 0.3% moisture, 1.1 +
0.1% ash, 19.9 + 0.4% protein, and 6.1 + 0.2% fat) was very similar to that of pulp obtained

using an industrial fish deboning machine in a fish processing plant (76.9 + 0.1% moisture,
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1.9 + 0.1% ash, 20.4 + 1.5% protein, and 6.8 + 0.1% fat). Also, proximate composition of

these both fish pulps is similar to that reported for silver catfish fillets (Losekann, 2006).

3.2. Fatty acids methyl esters (FAMES)

Stability of frozen products to lipid oxidation is influenced by the amount of fat and
by their fatty acid composition. Fatty species are more prone to oxidation than lean species,
and species with more highly unsaturated fatty acids are less stable than the other species
(Santos-Yap, 1996). However, nutritional value of fish is connected with their high n-3
polyunsaturated fatty acids content that has beneficial effects to human health (Suarez-
Mahecha et al., 2002).

The fatty acid composition of the cooked and uncooked fishburger formulations
produced with silver catfish fillets and filleting waste pulp are presented in Table 2. The
dominant fatty acids in all formulations were oleic (C18:1-n-9c¢), palmitic (C16:0), linoleic
(C18:2-n-6¢), and estearic (C18:0) acids. As expected fatty acid profile of control fishburgers
(made only with fish fillets) was very similar to that previously reported for silver catfish
fillets (Losekann, 2006).

No effect of cooking was observed on fatty acid profile of silver catfish burgers.
ANOVA revealed a significant main effect of filleting pulp wastes addition on the content of
most fatty acids, but the behavior varied according to the compound evaluated (Table 2).
Content of C14:0, C16:1n-7t, C16:1n-7c, C20:1n9, C18:3n-3, C20:4n-6, and C22:5n-3
increased with increasing pulp levels, and the highest values were found in F80 (p<0.05).
These fatty acids were all found in the filleting pulp wastes (Table 3) at higher levels when
compared to levels found in control fishburgers (no pulp addition), which would explain their
increase in burgers formulated with fish pulp. In contrast, content of C18:0, C18:1n-9t,

C18:2n-6t, and C18:2n-6¢ decreased with increasing levels of pulp from filleting wastes in
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fishburger formulation (p<0.05). Accordingly, these fatty acids were found at very low
concentrations or were not detected in pulp from filleting wastes.

A significant interaction between cooking process and filleting waste pulp addition
was observed just on the levels of C12:0, C14:1n-5, and C20:5n-3 fatty acids. After the
cooking process C12:0 levels decreased only in F20 and F50, C14:1n-5 decreased only in
control burgers (p<0.05). Heat degradation or fat releasing during cooking process could
explain these alterations.

Total monounsaturated fatty acids (MUFA) increased with the increase of pulp level
and the highest values were obtained for formulations with 80% substitution (p<0.05).
Nevertheless, no significant effect of pulp addition was observed for polyunsaturated (PUFA),
saturated fatty acids (SFA), or UFA/SFA ratio.

Usually humans consume a diet with a high n-6/n-3 ratio. The excess of n-6 fatty acids
stimulates synthesis of arachidonic acid (C20:4n-6), which is a precursor of prostaglandins
and other eicosanoids that are involved in inflammatory responses. Much evidence supports
the conclusion that an increased intake of linoleic acid and an elevated n-6/n-3 ratio is a major
risk factor for western-type cancers and diseases for which anti-inflammatory drugs are
effective. Based on this evidence, the Japan Society for Lipid Nutrition recommends that the
n-6/n-3 ratio should be less than 4:1 for healthy adults and less than 2:1 for the prevention of
the chronic diseases of the elderly. The World Health Organization now recommends a n-6/n-
3 ratio between 3:1 and 4:1 (Horrocks e Yeo, 1999).

There was a significant effect of the levels of filleting wastes on the n-6/n-3 ratio of
fishburgers (Table 2). The n-6/n-3 ratios obtained for F20, F50, and F80 were significantly
lower than that obtained for control samples and were in agreement with health

recommendations.
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Fatty acid composition of pulp from filleting wastes produced with a meat grinder
(FPMG) and that obtained with an industrial deboning machine (FPDM) are presented in
Table 3. C12:0, C20:0, C14:1n-5, C16:1n-7¢c, C18:1n-9¢, C20:1n9, C18:2n-6¢, C18:3n-3, and
C22:5n-3 levels were affected by the process used for obtaining pulp from filleting waste. As
a result of these alterations total PUFA content and n-6/n-3 ratio were higher for FPDM than

for FPMG.

3.3. Cooking characteristics
Exudation during the cooking process is a very important transformation in meat
products with high moisture content (75% or more) and represent economic loses, and
alterations on nutritional value due to the release of soluble vitamins and amino acids and
some negative modification on texture and juiciness (Fennema, 2000). During the cooking
process water evaporation and lipid migration from the fishburgers could occur and the

intensity could be very important for the product acceptance.

Moisture and fat retention are related to the ability of the protein matrix to retain water
and bind fat. Cooking yield, fat and moisture retention were measured (Table 4) to determine
the influence of adding pulp from filleting waste on fishburger formulations. Our results
showed that formulation with 50% fish pulp from filleting wastes had the highest cooking

yield. No effect of fish pulp addition was observed on the fat or moisture retention.

We found no previous research about cooking characteristics of fishburgers. Results of
cooking yield and moisture retention were similar to those reported for beef burgers while fat
retention was somewhat higher (Khalil, 2000; Seabra e Zapata, 2002; Aleson-Carbonell et al.

2005).
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3.4. Color measurement
Color parameters of cooked and uncooked fishburgers formulated with increasing
levels of filleting wastes pulp are shown in Table 5. Similar results for L* and b* values were
found for fishburgers produced from underutilized fish species from Sultanate of Oman in the

Arabian Gulf (Al-Bulushi et al., 2005).

The addition of 50 and 80% pulp from filleting wastes in burger formulations resulted
in darker samples with L* (lightness) and chroma (saturation) values lower than those of
control and 20% pulp formulations (p<0.05). It was also observed a significant decrease of
yellow color intensity (b* and hue angle values) and an increase of redness (a* value) with the
addition of filleting waste pulp in the fishburger formulations. These results could be
explained by the higher amount of blood or fish meat pigments in the filleting wastes used for
pulp production than in the grounded fish fillet.

During heating of meat and fish food products Maillard reaction, protein denaturation,
and fat and water exudation may take place, being responsible for color and taste development
of cooked products (Fennema, 2000). The cooking process had a significant effect on color
parameters of silver catfish burgers, but no significant cooking x formulation interaction was
observed. All samples had a yellow color development after the cooking process, as indicated
by the increase in b* value and hue angle. Chroma and L* values indicated that saturation
increased, while lightness decreased (p<0.05) in all formulations after heating. Cooking did

not affect a* values of fishburgers.

3.5. Sensory evaluation
The effect of adding filleting waste pulp on texture and juiciness of fishburgers was
determined by trained panelists (Table 6). There was no significant difference among the

formulations with different levels of pulp in the sensory attributes analyzed.
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Overall acceptance of the different formulations was evaluated by ordering test with
non-trained panelists and results showed that only the formulation with 80% filleting wastes
pulp had lower acceptance than control (p<<0.05, data not shown). Considering that no
differences were observed in the texture and juiciness among the formulations, lower
acceptance of 80% pulp formulation could be explained by some undesirable taste or by color

change (Table 5) due to the incorporation of high amount of fish pulp.

4. Conclusion

The fishburgers produced from silver catfish fillets with a substitution level of 50%
for filleting wastes pulp had higher nutritional value, better cooking characteristics, and the
same acceptance of control. Utilization of pulp from filleting wastes in the formulation of
burgers from silver catfish is a valuable alternative for this processing by-product and can

result in food products with a great acceptance and nutritional value.
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Table 1: Proximate composition (%) of fishburgers with different levels of pulp filleting

wastes from silver catfish

Formulations ~ Moisture Ash Fat Protein Carbohydrate
Control
Uncooked 74.36+0.64* 2.09+0.05° 527+0.75¢ 14.63+0.60° 3.64+0.37
Cooked 62.23+0.58" 3.03+0.04*° 6.81+0.39" 2324+ 1.60° 4.68+0.27
F20
Uncooked 73.49 +0.44° 2.35+0.08"° 571+ 0.74%" 1294+ 1.41° 5.51+0.13
Cooked 64.26+ 1.60° 3.26+0.29* 6.56 + 1.12° 20.17 + 1.37*"  6.75+ 0.35
F50
Uncooked 74.22+1.15* 2.66+0.16" 6.28+ 0.29°° 12.72+0.44° 4.12+0.07
Cooked 63.11+2.32° 3.14+0.07* 6.57+026° 19.13+1.11° 7.17+0.18
F80
Uncooked 72.40+0.06° 2.45+0.10° 6.52+023° 12.76+0.64° 5.87+0.17
Cooked 63.38+1.79° 3.48+0.19* 8.11+0.37* 20.73+ 1.72*® 4.30+0.26

Results are mean of three determinations + standard error. Means that have no common letter
within the same column are statistically different (p<0.05). F20: formulation with 20%
filleting waste pulp; F50: formulation with 50% filleting waste pulp; F80: formulation with

80% filleting waste pulp.



Table 2: Fatty acid composition (% of total fatty acids) of fishburgers produced with different levels of silver catfish filleting wastes pulp

Control F20 F50 F80
Fatty acids Uncooked Cooked Uncooked Cooked Uncooked Cooked Uncooked Cooked

C12:0  0.56+0.03*  0.41+0.06°  0.44 +0.19" ND° 0.45 +0.11° ND* 0.25+0.0°  0.48 +0.22°
C14:0 1.05+0.12°  1.00+0.05°  1.17+0.12° 1.23 +0.08>° 1.49 +0.08** 1.42+0.06°° 1.72+0.12° 1.72 +0.06"
C16:0 23.96 +0.57 23.39+0.43 23.01 +0.86 22.89+1.03 2321 +0.63 2331 +0.74 22.62+0.71 22.73 +0.91
C18:0  11.14+0.29*° 11.46 +0.45* 11.08 +0.66™° 11.41+0.11* 10.41 +0.31** 10.97 +0.02*® 10.11 +0.65*® 9.90 +0.08"
C20:0 0.76 +0.02  0.76 +0.07  0.81+0.04  0.78+0.06  0.76+0.02  0.72+0.03  0.79+0.02  0.80 +0.07
C22:0 0.65+0.02  0.73+0.17  0.70+0.08  0.68 +0.10  0.62+0.02  0.60+0.04  0.62+0.05  0.63 +0.10
C24:0 0.51 +0.01  0.59+0.17  0.34+0.03  0.48+0.10  0.43+0.04  045+0.03  046+0.06 0.47+0.09

¥ SFA 38.63 +0.44 38.35+0.93 37.56+0.50 37.46+0.87 37.37+0.41 37.47+0.71  36.56 +0.06 36.74 +0.79
Cl4:1n5  0.47 +0.09*>¢ ND? 0.62 +0.01*®  0.66 +0.06°  0.30 +0.02°  0.44 +0.14>°  0.40 +0.05°  0.40 +0.04°
Cl6:1n7t  0.32+0.02° 0.50 +0.10™® 0.38 +0.03°  0.40 +0.01° 0.47 +0.02*° 0.47 +0.01™  0.60 +0.05*  0.60 +0.04
Cl6:In7c  2.66 +0.37% 276 +0.34%  4.04 +0.25° 4.41 +0.25° 5.61 +0.04° 547+0.11° 7.30+0.27*° 7.28 +0.28"
C18:1n9t  7.54+0.21*° 877 +1.47° 7.08 +0.03°° 6.71 +0.08°° 6.38 +0.02°¢ 6.25+0.13°¢ 567 +0.11° 5.63 +0.16°
Cl18:1n9¢c  25.22+0.62 2573 +1.24 2638+0.85 27.04+0.80 25.14+0.35 25.82+0.64 25.42+0.85 25.07 +0.28
C20:1n9  0.50 +0.03°  0.55+0.04>°  0.65+0.07>°  0.65+0.09>° 0.77 +0.05*° 0.74 +0.06°  0.97 +0.05* 0.97 +0.12°
Y MUFA  36.72+0.71° 3831 +1.29*° 39.15+1.11*® 39.87+0.73* 38.67 +0.27*® 39.18 +0.52*® 40.37 +0.77° 39.94 +0.58"
C18:2n6t  0.88 +0.07° 0.78 +0.11*° 0.74 +0.01*" 0.72 +0.01*° 0.71 +0.01*®  0.68 +0.03°  0.63 +0.06°  0.60 +0.01°
C18:2n6c  18.67 +0.96* 17.03 +1.70*® 16.05 +1.38*® 15.62 +0.40*® 15.95 +0.25*° 15.18 +0.45° 13.76 +1.11° 14.16 +0.60°
C18:3n3  1.05+0.05° 1.08+0.23° 1.57+0.20® 1.64+0.28° 1.97+0.09*° 1.90+0.16*° 2.40+0.15* 2.45 +0.40°
C20:4n6  1.57+0.02°  1.53+0.14° 1.77+0.12*®> 1.74+0.17*°> 2.05+0.06* 1.98 +0.12*° 239 +0.11*° 2.32 +0.19°
C20:5n3 ND¢ 0.18 +0.18°°  0.59 +0.07* 0.37+0.10*°  0.29+0.01°  0.54 +0.04*° 0.39 +0.04*° 0.31 +0.03°
C22:5n3  0.72+0.03°  0.95+0.18°  0.89+0.10* 0.89+0.14° 1.13+0.09*° 1.08 +0.11*° 136 +0.09° 1.36 +0.18"
C22:6 1.75+0.03  1.70+0.17  1.83+0.17  1.73+0.24  1.98+0.19  1.95+0.20  2.22+0.16 2.28+0.28
YPUFA  24.64+1.05 23254223 23.43+0.80 22.72+0.38 24.08 +0.68 23.30+1.03 23.15+0.64 23.48+0.36
UFA/SFA  1.58+0.03  1.61+0.06 1.67+0.04 1.67+0.06 1.68+0.03  1.67+0.03  1.74+0.01  1.73 +0.06
n-6/n-3 PUFA  6.01 +0.25*  4.93+0.15° 3.93+0.61°° 4.01 +0.48"° 3.51 +0.18° 3.28 +0.15° 2.68 +0.33° 2.76 +0.37°
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Results are mean of three determination + standard error. Means within the same line that have no common letter are statistically different
(p<0.05). F20: formulation with 20% fish filleting waste pulp; F50: formulation with 50% filleting waste pulp; F80: formulation with 80%
filleting waste pulp. PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids; UFA: unsaturated fatty acids; SFA: saturated fatty

acids. N.D.=not detected. Non detected values were considered as zero in the statistical analysis.



Table 3: Fatty acid composition (% of total fatty acids) of silver catfish pulp filleting waste

Fatty acids FPMG FPDM
C12:0 0.27 +0.01° N.D.”
C14:0 3.21+0.14 3.10+0.11
C16:0 23.27+0.27 22.61+0.27
C18:0 6.29 +1.13 6.46+0.10
C20:0 0.54+0.01° 0.40 + 0.01°
C24:0 0.51+0.04 0.50 + 0.02
> SFA 34.08 +0.62 33.07 +0.23
C14:1n5 1.16 + 0.17 0.41+0.01°
C16:1n7t 1.64 +0.14 1.58 + 0.04
Cl16:1n7c 16.18 + 0.80° 11.31+0.15°
C18:1n9t 0.26 +0.01 0.23 +0.00
C18:1n9¢ 19.43 +0.72° 24.44 +0.48°
C20:1n9 0.95 + 0.09° 1.97 +0.07*
> MUFA 39.59 + 1.03 39.97 +0.22
C18:2n6¢ 9.86 +0.51° 15.78 + 0.06"
C18:3n3 6.39 + 0.37° 3.54+0.10°
C20:4n6 2.48 +0.49 2.51+0.11
C22:5n3 2.07 +0.02° 0.97 +0.04°
C22:6 3.13+0.03 2.99 +0.09
SPUFA 23.93+0.33" 25.79 +0.35°
UFA/SFA 1.87 +0.09 1.99 +0.02
n-6/n-3 PUFA 1.07 + 0.08" 2.44 + 0.06"
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Results are mean of three determination + standard error. Means within the same line that have

no common letter are statistically different (p<0.05).FPMG: fish pulp produced with silver

catfish filleting wastes with a meat grinder; FPU: fish pulp produced with silver catfish filleting

wastes with an industrial fish deboning machine (Unipeixe, Ajuricaba, RS, Brazil). PUFA:

polyunsaturated fatty acids; MUFA: monounsaturated fatty acids; UFA: unsaturated fatty acids;

SFA: saturated fatty acids. N.D.= not detected. Non detected values were considered as zero in

the statistical analysis.
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Table 4: Cooking characteristics of fishburgers produced with different levels of silver catfish

pulp filleting waste

Cooking characteristics

Formulations Yield (%) Fat retention (%)  Moisture retention (%)
Control 68.90° 4 1.36 90.08 +8.70 57.69 + 1.80
F20 65.94° .2.76 75.81+5.28 57.72 +3.25
F50 74.89% . 0.37 78.36 +2.35 63.73 :2.24
F80 67.59° +1.24 84.01 .0.63 59.17 +1.53

Results are mean + standard error (n=6). Means that have no common letters within the same
column are statistically different (p<0.05). F20: formulation with 20% filleting waste pulp;
F50: formulation with 50% filleting waste pulp; F80: formulation with 80% filleting waste

pulp.
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Table 5: Color parameters of fishburgers produced with different levels of silver catfish pulp

filleting waste

Formulations

b*

Chroma

Hue angle

Control

Uncooked

Cooked

F20

Uncooked

Cooked

F50

Uncooked

Cooked

F80

Uncooked

Cooked

73.05 ,0.14°

63.70 .0.12°

72.41,0.57°

64.87.0.32°

70.48 ,0.17

60.22, 0.13¢

70.32,0.63

58.83.0.78°

5.12,0.24°¢

4.98,0.20%

5.79,0.35%b¢

433,0.07°

5.56,0.04 "¢

5.41,0.13%

6.33.0.07°

591.0.36%

18.06 ., 0.33¢

24.71.0.04°

17.41 ,0.169

21.52,0.43°

15.89,0.39°

23.39,0.75"

15.11,0.39¢

22.64 ,0.59"

18.77 . 0.38¢

25.28,0.08°

18.27 . 0.09°

21.94 ., 0.44°

16.83 , 0.35°

24.00,0.76*

16.39 , 0.33¢

23.38.0.66

74.30 , 0.45°

78.63 . 0.46"

71.74 . 1.13¢

78.65 . 0.03*

70.79 . 0.58°

77.04,0.112

67.34 . 0.73¢

75.55 . 0.46"

Results are mean + standard error (n=3). Means that have no common letters within the same
column are statistically different (p<<0.05). F20: formulation with 20% filleting waste pulp;

F50: formulation with 50% filleting waste pulp; F80: formulation with 80% filleting waste

pulp.
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Table 6: Scores of sensory evaluation of fishburgers produced with different levels of silver

catfish waste pulp
Formulation Texture Juiciness
Control 2.50+0.29 2.58 +0.31
F20 2.58+0.29 3.08 +0.34
F50 2.58+0.19 2.58 +£0.23
F80 2.67+0.31 2.67+0.19

Results are mean + standard error (n=12). F20: formulation with 20% filleting waste pulp;

F50: formulation with 50% filleting waste pulp; F80: formulation with 80% filleting waste

pulp. Texture (1, very soft; 5, very firm) and juiciness (1, very juicy; 5, very dry) were

evaluated using a five-point hedonic scale.
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3.2. Artigo 2:

Antioxidant activity of extract from fruit seeds in a fish food system"

" Este artigo esta em fase final de revisdo pelos autores.
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ANTIOXIDANT ACTIVITY OF EXTRACT FROM FRUIT SEEDS
IN A FISH FOOD SYSTEM

ABSTRACT

Mango, peach, and passion fruit seeds were examined for their total phenolic content,
radical scavenging capacity against DPPH radicals, ferric-reducing antioxidant power
(FRAP), and antioxidant activity against lipid oxidation in a fish model system (0.05, 0.1,
0.15, and 0.3 mg phenolic compounds/4.4ml of silver catfish homogenate). Mango seed
extract (MSE) showed the highest phenolic content and total antioxidant activity by DPPH
and FRAP assays. Lipid oxidation in fish model system was retarded by the three seed
extracts at all concentrations tested. MSE that had the highest antioxidant activity in vitro,
was also evaluated against lipid oxidation in fishburgers produced from silver catfish filleting
wastes. Burger formulations with 50% pulp from filleting wastes were prepared containing
MSE (0, 30, and 90 ppm phenolic compounds). Conjugated dienes, peroxide value,
tiobarbituric acid reactive substances, and free fatty acids were the oxidation products
measured during frozen storage at -10 and -20°C. All lipid damage measurements were
affected by the storage time and temperature. However, MSE had no antioxidant effect
against lipid oxidation in silver catfish burgers.
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1. Introduction

Mango, peach, and passion fruit are tropical fruits produced throughout the world.
They are largely used for producing juice nectars, concentrates, jams, jelly powders, fruit
bars, flakes, and dried fruits. Agricultural an industrial wastes resulting from these processes
have a high biological oxygen demand and are likely to be discarded or used as low-value by-
products (Talcott et al., 2003, Berardini et al., 2005). Considering the low economical value
and the high content of phytochemical compounds such as glucosinolates and phenolic
compounds in plant processing wastes this could be a valuable source of natural antioxidants
for use in the food industry.

Recent studies with mango seeds and peel have demonstrated a great amount of
polyphenols, mainly gallic and ellagic acids, with a high antioxidant capacity (Soong and
Barlow, 2004, Soong and Barlow, 2006, Berardini et al., 2005), but no evaluation was done in

a fish food system.

Antioxidant effectiveness in food depends not only on the chemical reactivity of the
antioxidant (e.g., free radical scavenging and chelation), but also on another factors such as
absorption and distribution of the extract into the product, interactions with other food
components (e.g., spices, acids, and others), and environmental conditions (e.g., pH,
temperature) (Pazos et al. 2006). Thus, a complete antioxidant evaluation of plant extracts
should include its effects in a food system, besides in vitro chemical screening assays.

Consumer’s preference for healthy and ready-to-eat food products has increased in last
years (Tokur et al., 2004). Fish and fishery products are well known as sources of high
nutritional value proteins, polyunsaturated fatty acids (PUFA), minerals, and some vitamins.
For this reason, consumption of fish and fishery products are increasing and many researches
works have focused on the development and shelf life evaluation of such products (Undeland
et al., 1998, Aro et al., 2000, Siddaiah et al., 2001, Tokur et al., 2004, Benjakul et al., 2005b,
Al-Bulush et al., 2005, Tokur et al., 2006).

In a recent work we developed fishburgers produced from silver catfish fillets and
filleting wastes (50%) (Bochi et al., 2007). Burgers had good sensory quality and higher
nutritional value when compared to those formulated with no filleting wastes due to the
decrease in n-6/n-3 PUFA ratio. Considering the presence of polyunsaturated fatty acids,
oxygen incorporation, and tissue membrane damage produced during burger manufacture,

lipid oxidation will be the mainly limiting factor for its shelf life during frozen storage.
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The purpose of this work was to investigate the in vitro antioxidant activity of extracts
from mango (Mangifera indica L.), peach (Prunus persica), and passion fruit (Passiflora sp.)
seeds using different methods. In addition, the effect of mango extract, the extract with the
highest in vitro antioxidant capacity, was studied on the stability of fishburgers produced with

silver catfish (Rhamdia quelen) fillets and pulp from filleting wastes.

2. Materials and Methods
2.1. Seed extracts

Mango (Mangifera indica L.), peach (Prunus persica), and passion fruit (Passiflora
sp.) fruits were purchased from local markets in Santa Maria, Brazil. Seeds were dried in a
conventional air-oven during 4 hours at 45°C and then oven-dried at 105°C until constant
weight. Dried samples were ground using a Wiley grinder with a 2 mm hole screen and stored
at — 20°C.

Extraction was performed as described by Soong and Barlow (2004) with some
modifications. A mixture of 0.4 g of each milled sample and 100 ml 50 °GL ethanol was
incubated in a water bath at 70°C during one hour, and then centrifuged at 3000 rpm. The
supernatant was stored at —20°C until required for analysis of total phenolic compounds and
antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay, ferric
reducing antioxidant power (FRAP) assay, and against lipid oxidation in a food fish model

system.

After antioxidant efficacy screening in vitro, extraction conditions for mango seeds
were optimized in order to enhance the yield of phenolic compounds to use in fishburger
formulation (data not shown). The best extraction condition was obtained when 19 g milled
sample and 100 ml of 40°GL ethanol were mixed during 5 minutes at 25°C. The extract was
centrifuged at 3500 rpm during 15 minutes, and the supernatant was used in fishburger

formulation. Phenolic content and total antioxidant activity with DPPH were determined.

2.2. Folin-Ciacoulteau reagent assay

Total phenolic content was determined using a modified method of Swain and Hillis
(1959). An aliquot of the seed extract was mixed with 0.104 pl of 0.25 N Folin-Ciacoulteau.
After 3 minutes, 0.208 ul of IN Na,CO; was added. The absorbance was determined at 725

nm after 2 hours in the dark. Chlorogenic acid was used as a standard for the calibration
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curve. The total amount of phenolic compounds was calculated and expressed as mg

chlorogenic acid equivalent/g dried seed used to prepare the extract.

2.3. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay

A stable solution of DPPH was used for determination of total antioxidant activity of
extracts with Brand-Williams et al. (1995) modified method. DPPH solution (0.24 mg/ml)
was previously diluted until 1.10+0.02 absorbance at 517 nm was obtained. Extract (0.1 ml)
was mixed with 1.9 ml diluted methanolic DPPH solution. The antiradical power of the
different extracts was determined by measuring the decrease of DPPH absorbance after 24
hours in the dark against a blank. Trolox was used as standard for the calibration curve and

the results were expressed as mmol trolox equivalents/g dried seed used to prepare the extract.

2.4. Ferric-reducing antioxidant power (FRAP) assay

A modified method of Benzie and Strain (1996) was used for FRAP assays. Ferric-
2,4,6-trypyridyl-s-triazine (TPTZ) solution was prepared by mixing 2.5 ml 10 mM TPTZ
solution in 40 mM HCI, 2.5 ml 20 mM FeCl;.6H,0 and 25 ml of 0.3 M acetate buffer at pH
3.6. Sample (40 pl) was mixed with 1.2 ml of ferric-TPTZ reagent and incubated at 37°C
during 15 min. The absorbance of the colored complex formed with Fe™ and TPTZ was
determined at 593 nm. Trolox was used as standard for the calibration curve and the results

were expressed as pumol trolox equivalents/g dried seed used to prepare the extract.

2.5. Antioxidant activity in fish homogenate

Antioxidant activity in meat system was determined using the method of Moller et al.
(1999) described by Kang et al. (2006) with some modifications. Flesh of the freshwater
silver catfish (Rhamdia quelen) was grounded, mixed with distilled water (1:3, w/v) and
homogenized at 8000 rpm for 30 s in an Ultra Turrax. Fish homogenate was mixed with seed
extracts (0, 0.05, 0.1, 0.15, or 0.3 mg of phenolic compounds/4.4ml of fish homogenate) and a
blank tube with water instead of seed extract was used as control. Tubes were incubated at
37°C for 0, 30, 60, and 90 min. After incubation, tubes were centrifuged and the supernatant
was used to determine lipid oxidation as 2-thiobarbituric acid reactive substances (TBARS)

using the method described by Buege & Aust (1978).
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2.6. Fishburger formulations

Fresh silver catfish (Rhamdia quelen) was obtained from local market at Santa Maria
city (RS, Brazil). After purchasing, fish were transferred to the laboratory in bags. On arrival,
they were washed in cold water with 5 ppm chlorine, beheaded, gutted, and filleted. The yield
of flesh achieved by hand-filleting was 25.7%. Abdominal muscle and backbone without fins
were considered as wastes of the filleting process (19.8% yield). Both, fillets and by-products
were washed in cold water with 5 ppm chlorine and refrigerated (+ 4°C) for up to 24 hours
until burger formulation.

Three independent replicates were made for each fishburger formulation in a meat
pilot plant (Department of Food Technology and Science, UFSM). Filleting wastes were
passed twice through a meat grinder fitted with a 2 mm plate to obtain fish pulp without
visible fishbone (75% yield). Fish fillets were grounded with a 5 mm plate (89.3% yield).

Formulation of standard fishburgers (no pulp from filleting wastes) was composed of
880 g silver catfish grounded fillet and 120 g textured soy protein (hydrated 1:2 w/v in water)
for a 1000g batter. Hydrogenated vegetable fat (5%), ice slurry (10%), wheat flour (5%), salt
(1.25 %), white pepper powder (0.04%), onion powder (0.1%), garlic powder (0.1%),
coriander powder (0.2%), monosodium glutamate (0.5%), sodium ascorbate (0.3%), sodium
tripolyphosphate (0.3%), and sorbitol (4%) were used as ingredients. Based on this standard
formulation, another formulation was made by replacing grounded fish fillets with 50% fish
pulp from filleting wastes. Formulations were mixed by hand until homogenous dough was
obtained. Three levels of mango seed extract (0, 30, and 90 ppm of phenolic compounds)
were tested in the formulation containing 50% pulp from filleting wastes. The extracts were
added in their liquid form and mixed by hand. Portions of 60g were shaped in a circular
mould (9 cm diameter), packaged in low density polyethylene bags and stored inside plastic
boxes at — 10°C or —20°C. Samples were analyzed after 24 hours of freezing (day 0) and after
30, 60, 90, and 120 days of freezing storage.

2.7. Lipid damage during freezing

Fishburgers were thawed and the lipid damage was evaluated. Lipids were extracted
using chloroform and methanol as described by Bligh and Dyer (1959). Aliquots of
chloroform-lipid extract were evaporated and used for determination of fat content,
conjugated dienes, peroxide value, and free fatty acids. To prevent lipid oxidation during and

after extraction, 0.02% butyl hydroxy toluene was added to the chloroform used.
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Conjugated dienes (CD) were measured at 233 nm as described by Recknagel and
Glende (1984). All measurements were corrected to a uniform base of 1 mg lipid/ml of

cyclohexane.

Peroxide value (PV) was determined using the ferric thiocyanate method (Chapman
and Mackay, 1949). Portions of 10-17 mg lipids were dissolved into 1780 pl of methanol:
benzene solution (30:70 v/v) and 10 pl of each ammonium thiocyanate and ferric chloride
solutions were added. The reaction tube was incubated at 50°C during 2 minutes and cooled at
room temperature. Samples were read at 520 nm and PV was calculated as mEq of oxygen/kg
lipid using a standard of Fe(III).

The free fatty acids (FFA) were determined according to Lowry and Tinsley (1976)
based on complex formation with cupric acetate/pyridine. Toluene was used as solvent (2.5
ml), 0.5 ml cupric acetate-pyridine reagent was added to the test tube and shaken for 2 min.
After the biphasic system was centrifuged for 10 min, and the upper layer was read at 725 nm.
Oleic acid was used as standard for the calibration curve and the results were expressed as pg
oleic acid/100 g fat.

Thiobarbituric  acid  reactive  substances (TBARS) were  determined
spectrophotometrically as described by Buege & Aust (1978). Fish sample (1 g) was
homogenized in 5 ml 1.5% KCI and centrifuged during 10 min. The supernatant was
incubated at 100°C in a medium containing trichloroacetic acid and thiobarbituric acid for
color development. After incubation, butyl alcohol was used to extract the reaction product
that was determined at 535 nm. 1,1,3,3-Tetracthoxypropane was used for the calibration curve

and TBARS values were expressed as mg malonaldehyde/kg sample.

2.7. Statistical analysis

All measurements were made in duplicate and results are mean of three independent
experiments. Total phenolic content, DPPH radical scavenger assay, and FRAP assay in seeds
extracts were analyzed by one-way analysis of variance (ANOVA). Antioxidant activity in a
fish homogenates was analyzed by three-way factorial ANOVA (3 extracts x 5 phenolic
concentrations x 4 incubation time). Results of lipid damage of the fishburgers during 120
days of storage were evaluated using two-way ANOVA (4 formulations x 5 storage time)
with time considered as repeated measure. Post hoc comparisons were made using Duncan’s
test (p<<0.05). Statistical analyses were carried out using Statistica 6.0 (Copyright© Stat Soft,
Inc 1984-2001).
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3. Results and discussion

3.1. Antioxidant capacity and total phenolic content

Total antioxidant activity (TAA) measured by DPPH and FRAP assays, and total
phenolic content varied considerably among the fruit seed extracts (Table 1). Mango seeds
showed the highest phenolic content and TAA, followed by passion fruit and peach seeds. It
was possible to notice a linear relationship between phenolic content and antioxidant activity,
since both FRAP and DPPH results had a positive correlation with phenolic compounds
(1*>0.99 and 0.90, respectively, p<0.05). These results suggest that antioxidant capacity is
mainly due to the activity of phenolic compounds. Rababah at al. (2005) found a positive
linear relationship between phenolic content and antioxidant capacity measured by ORAC
assay in fruits (1’=0.93). Gil et al. (2002) found a wide variation in total antioxidant capacity
and phenolic content in different peach cultivars and high correlation between phenolic
compounds and DPPH results (r’=0.9), but no correlation was observed with any other
antioxidant constituents like vitamin C and carotenoids. Although phenolic compounds
content had a relationship with TAA activity, the DPPH/phenolics ratio was higher for
extracts from mango and passion fruit seeds (0.25 and 0.21) when compared to that of peach
seeds (0.10). The same behavior was observed for the FRAP/phenolics ratio (2.59 for mango,
2.88 for passion fruit, and 1.07 for peach seeds). These results indicate that differences in the
TAA of the different extracts could not be explained based only on the concentration of
phenolic compounds. Phenolics from the mango and passion fruit seeds had similar

antioxidant activity, while those from peach seeds were significantly less effective.

The content of phenolic compounds of mango seed extract is similar to that previously
reported for mango seed kernel (Soong and Barlow, 2004). The FRAP and DPPH antioxidant
activities found for extracts from mango seeds (Table 1) are much higher than those
previously reported for extracts from mango peels (4.4 and 4.9 pmol trolox g, respectively;

Berardine et al., 2005).

No results about antioxidant capacity and phenolic content of passion fruit and peach
seeds were found in the literature. Phenolic content of peach seeds was much higher than
recently reported for peach flesh (1.97-7.59 mg of chlorogenic acid/g; Rababah et al., 2005).
Also, phenolic content of passion fruit juice had lower phenolic content (Talcott et al., 2003)

than seeds (Table 1).
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Since the extract from mango seeds had the highest antioxidant activity in vitro, we
optimized its extraction conditions for evaluation of antioxidant activity in a fishburger.
Phenolic compounds, DPPH, and FRAP activities in MSE obtained using the optimized
extraction procedure (17.31+£0.53 mg CAE/ml extract, 2.45+0.03 mmol trolox equivalents/ml
extract, and 43.00+1.05 pumol trolox equivalents/ml extract, respectively) were higher than
those obtained for MSE without modification on the extraction procedure (0.49+0.01 mg
CAE/ml extract, 0.12+0.01 mmol trolox equivalents/ml extract, and 1.27+0.04 umol trolox

equivalents/ml extract, respectively).

3.2. TBARS inhibition in a food system

DPPH methodology is based in a direct reaction of an antioxidant with a long-lived
nitrogen radical (DPPH") that is not similar to the highly reactive peroxyl radicals involved in
lipid peroxidation (Huang, 2005). Considering that some antioxidants can react with peroxyl
radical, but not with DPPH", a study that measure the progression of lipid oxidation against
different concentrations of antioxidants can indicate if it is suitable or not for use in foods.
Considering this problem, a large variety of accelerated tests expressing antioxidant potency
in food systems have been studied (Moller et al., 1999; Kang et al., 2006; Shui and Leong,
2006). These tests mainly include lipids and an increase of temperature is often used for
induction of lipid oxidation. Conjugated dienes and 2-thiobarbituric acids reactive substances
are the primary and secondary compounds formed during reaction and frequently measured to

determine the inhibition degree.

Considering that unsaturated fats are particularly susceptible to oxidation a food
system with grounded fish flesh incubated at 37°C was used for measurement of inhibition of

TBARS increase by seed extracts (Figure 1).

Acceleration of oxidation process induced by temperature and by rupture of cell walls
due to homogenization was observed in control group after 60 minutes, as indicated by the
increase in TBARS value (p<0.05). TBARS Ievel in control group at the end of the incubation
time was two times higher than initial levels. Extracts from fruit seeds prevented lipid
peroxidation at all phenolic concentration evaluated. There was no significant difference in
TBARS inhibition among the extracts from the three fruit seeds evaluated. Other researchers
found a similar behavior for dittany extract (Moller et al., 1999) and citrus power solution

(Kang et al., 2006) using the same oxidation model.
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3.3. Antioxidant capacity in fishburgers from silver catfish

Unsaturated fatty acids make lipids susceptible to oxygen attack leading to complex
chemical changes, development of off-flavors in food, and potential toxic reaction products
(Madhavi et al., 1995). In this process free radicals abstract hydrogen from a fatty acid double
bond to produce conjugated diene free radicals, as an intermediate product, which could react
with triplet oxygen to produce fatty acid hydroperoxide. Lipid peroxyl radicals are good
oxidizing agents and accelerate the lipid oxidation by abstracting hydrogen from other lipid
molecules. This catalytic free radical chain is interrupted by the lipid hydroperoxide
decomposition into shorter chain hydrocarbons such as aldehydes, acids, alcohols, etc., which
are responsible by the development of the rancidity flavour. (Benjakul, 2005a, Choe e Min,
2005).

Oxidative changes in all formulations of silver catfish burgers were analyzed after 0,
30, 60, 90, and 120 days of storage at —10 or —20 °C by measuring conjugated dienes (CD),
peroxide value (PV), tiobarbituric acid reactive substances (TBARS), and free fatty acids. CD
and peroxides were the primary oxidation products that increased in all formulations during
storage at —10°C (Figure 2A and 3A) and —20°C (Figures 2B and 3B) (p<0.05). CD values
reached a maximum at 30-60 days of storage, while PV had a maximum at 90 days of
storage. After 90 days of storage both CD and PV tended to decrease, suggesting the possible
involvement of lipid oxidation products in secondary reactions when 90 days of storage is
exceeded. CD and PV results showed similar behavior to that reported for blue whiting
(Micromesistius poutassou) that also showed a bell-shaped curve and had earlier increase at
higher temperature (Aubourg, 1999). In contrast to our results, Tilapia burgers stored at —18°C
showed the maximum PV values at 6 months with a decrease at 8 months (Tokur et al., 2004).
This discrepancy could be due to differences in the fatty acid composition of the fish used for
burger manufacture that would be responsible for the earlier peroxide formation and

decomposition in silver catfish burgers.

ANOVA revealed no significant effect of the formulation on CD values at —10°C.
However at —20°C, formulations with pulp from filleting wastes had lower CD values than the
standard formulations after 30, 60, and 120 days of storage. MSE phenolic compounds had no
effect on CD levels.

A significant formulation x storage time interaction was observed on PV in both

freezing temperatures. The mean PV obtained at —20°C were lower than at —10°C. Standard
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formulation showed higher PV than burgers with filleting wastes after 30-60 days at —10°C.
However, after 120 days at —10°C burger containing filleting wastes had higher PV than that
of standard formulation. Thus, the maximum peroxide formation at —10°C was observed
earlier in formulations without pulp from filleting wastes. MSE phenolic compounds had
almost no effects on PV, except that pulp + 30 ppm MSE had lower PV values than pulp
formulation after 90 days at —20°C, while pulp + 90 ppm MSE had lower PV values than pulp
after 120 days at —10°C and higher PV values after 60 days at —20°C (p<0.05).

TBARS is a measurement of secondary lipid oxidation products. A significant storage
time effect was observed on TBARS value at —10 and —20°C (Figure 4). Thus, after 120 days
of storage it was possible to notice a significant increase on TBARS values in both
temperatures. The mean values obtained at —20°C were lower than those at —10°C. No effect
of formulations was observed at any temperature. However, at the lowest freezing
temperature (-20°C), burger formulation with pulp + 90 ppm MSE phenolic compounds had
lower TBARS value than pulp alone after 120 days. During the whole storage period, at both
freezing temperatures tested, TBARS values of silver catfish burgers were higher than those
reported for tilapia burgers (Tokur et al., 2005) and fish fingers from mirror carp (Tokur et al.,
2006).

Due to enzymatic activity of lipases from fish muscle, free fatty acids (FFA) could
increase during frozen storage and promote undesirable changes like protein denaturation and
lipid oxidation (Jeremiah, effects on food qualit) and they had high correlation coefficients
with texture (-0.99) and odor (-0.97) sensory changes in kamaboko of silver carp
(Hypophthalmichthys molitrix) (Siddaiah et al., 2001).

Figure 5 shows the FFA of the silver catfish burgers. ANOVA revealed a significant
storage time effect, but no effect of formulation on FFA at —10°C (p<0.05). It was observed a
significant increase of FFA after 60 days at —10°C. A significant formulation x storage time
interaction was observed on FFA content at —20°C. FFA increased with storage time at —20°C
just after 60 and 120 days of storage. However, burgers with pulp had lower FFA levels after
120 days at —20°C than standard formulation. MSE phenolic compounds did not affect FFA
levels in silver catfish burgers. Increase of FFA levels during frozen storage was also
observed in blue whiting fish (Aubourg, 1999), fishburger from tilapia (Tokur et al., 2004)
and kamaboko from minced silver carp (Siddaiah et al., 2001).



69

4. Conclusion

Among the seed fruits evaluated those from mango and passion fruit yielded extracts
with the highest antioxidant activity by DPPH and FRAP assay. Extracts from all fruit seeds
are efficient to prevent lipid oxidation in vitro in the fish model system used. However,
evaluation of the antioxidant potential of mango seed extract in situ in fishburger formulation

revealed no effect.

Acknowledgements

Work supported by grants 475017/03-0 (Edital Universal CNPq) and MCT/FINEP -
AQUICULTURA — Acao Transversal 12/2005. Tatiana Emanuelli is the recipient of CNPq
research Fellowship. Vivian Caetano Bochi is the recipient of a CAPES Master degree
Fellowship. Cristiane Portes Ribeiro was the recipient of a FAPERGS Scientific Initiation
Fellowship. André de Moura Victério was the recipient of a FIPE/UFSM Scientific Initiation
Fellowship. Authors thank to Silvia Montagner Dalcin and the staff from Unipeixe (UNIJUI,

Ajuricaba, RS, Brazil) for technical support to use the industrial fish deboning machine.

References

AL-BULUSHI, I. M., KASAPIS, S., AL-OUFI, H., AL-MAMARI, S. Evaluating the quality
and storage stability of fishburgers during frozen storage. Fisheries. Science. v. 71, p. 648-
654, 2005.

ARO, T., TAHVONEN, R., MATTILA, T., NURM]I, J., SIVONEN, T., KALLIO, H. Effects
of Season and Processing on Oil Content and Fatty Acids of Baltic Herring (Clupea harengus
membras) Journal of Agricultural and Food Chemistry. v. 48, n. 12, p. 6085-6093, 2000.

AUBOURG, S. P. Lipid damage detection during the frozen storage of an underutilized
species. Food Research International. v. 32, p. 497-502, 1999.

BENJAKUL, S., VISESSANGUAN, W., PHONGKANPAI, V, TANAKA, M. Antioxidative
activity of caramelisation products and their preventive effect on lipid oxidation in fish mince
Food Chemistry. v. 90, p. 231-239, 2005a.

BENJAKUL, S., VISESSANGUAN, W., THONGKAEW, C., TANAKA, M. Effect of frozen
storage on chemical and gel-forming properties of fish commonly used for surimi production
in Thailand. Food Hydrocolloids. V. 19, p. 197-207, 2005b.



70

BENZIE, F. F. 1., STRAIN, J. J. The ferric reducing ability of plasma (FRAP) as a Measure
of “antioxidant power”: The FRAP assay. Analytical Bichemistry. p. 70-76, 1996.

BERARDINE, N., KNODLER, M., SCHIEBER, A., CARLE, R. Utilization of mango peels
as a source and polyphenolics. Innovative Food Science and Emerging Technologies, v.6,
p-442 — 452, 2005.

BLIGH, E.G. & DYER, W.J. A rapid method of total lipid extraction and purification.
Canadian Journal of Biochemistry Physiology. v. 37, n. 8, p. 911-917, 1959.

BOCHI, V. C., WEBER J., RIBEIRO, C. P., VICTORIO, A. M., EMANUELLI T.
Fishburgers with silver catfish (Rhamdia quelen) filleting wastes. Bioresource Technology
(submetido), 2007. Parte integrante desta dissertagdo.

BRAND-WILLIAMS, W., CUVELIER, M. E., BERSET, C. Use of a free radical method to
evaluated antioxidant activity. Lebensm. Wiss. Technol. v. 28, p. 25-30, 1995.

BUEGE, J. A., AUST, S. D. Microssomal lipid perossidation. Methods in Enzymology. v.
52, p. 302-310, 1978.

CHOE, E., MIN, D. B. Chemistry and reactions of reactive oxygen species in food. Journal
of Food Science. v. 70, n. 9, p. 142-159, 2005.

CHAPMAN, R. A, MACKAY, K. The estimation of the peroxides in fats and oils by the
ferric thiocyanate method. The Journal of the American Oil Chemists Society. p. 330-363,
1949.

GIL, M. I, TOMAS-BARBERAN, F. A., HESS-PIERCE, B., KADER, A. A. Antioxidant
capacity, phenolic compounds, carotenoids, and vitamin C contents of nectarine, peach, and
plum cultivars from California. Journal Agricultural and Food Chemistry. v. 50, n. 17, p.
4976-4982, 2002.

KANG, H. J., CHAWLA, S. P., JO, C.,, KWON, J. H.,, BYUN, M.W. Studies on the
development of functional power from citrus peel. Bioresource Technology. v. 97, n. 4,p.
614-620, 2006.

LOWRY, R. R., TINSLEY, L. J. Rapid colorimetric determination of free fatty acids. Journal
of the American oil chemists society. v. 53, p. 470-472, 1976.



71

MADHAVI, D. L., DESPANDE, S. S., SALUNKHE, D. K. Food Antioxidants:
technological, toxicological and health perpectives. New York:Marcel Dekker, Inc.; Hong
Kong: Ed., 1995, 490p.

MOLLER, J. K. S., MADSEN, H. L., AATONEN, T., SKIBSTED, L.H. Dittany (Oridanum
dictamnus) as source of water extractable antioxidant. Food Chemistry. v. 64, p. 215-219,
1999.

PAZOS, M., ALONSO, A., FERNANDEZ-BOLANOS, J., TORRES, J. L., MEDINA, 1.
Physicochemical properties of natural phenolics from grapes and olive oil byproducts and
their antioxidant activity in frozen horse mackerel fillets. Journal of Agricultural and Food
Chemistry. v. 54, n. 2, p. 366-373, 2006.

RABABAH, T. M., EREIFEJ, K. L., HOWARD, L. Effect of ascorbic acid and dehydration
on concentrations of total phenolics, antioxidant capacity, anthocyanins, and colos in fruits.
Journal of Agricultural and Food Chemistry. v. 53, n. 11, p. 4444-4447, 2005.

RECKNAGEL, R. O., GLEND, E. A. Jr. Spectrophotometric detection of lipid conjugated
dienes. Methods in Enzimology. v. 105, p. 331-337, 1984.

SHUI, G., LEONG, L. P. Residue from star fruit as valuable source for functional food
ingredients and antioxidant nutraceuticals. Food Chemistry. v. 97, p. 277-284, 2006.

SIDDAIAH, D., REDDY, V. S., RAJU, C. V., CHANDRASEKHAR, T. C. Changes in lipid,
proteins and kamoboko forming ability of silver carp (Hypophthalmichthys molitrix) mince
during frozen storage. Food Research International. v. 34, p. 47-53, 2001.

SOONG, Y-Y., BARLOW, P. J. Antioxidant activity and phenolic content of selected fruit
seeds. Food Chemistry. v. 88, p. 411417, 2004.

SOONG, Y-Y., BARLOW, P. J. Quantification of gallic acid and ellagic acid from longan
(Dimocarpus longan Lour.) seed and mango (Mangifera indica L.) kernel and their effects on
antioxidant activity. Food Chemistry. v. 97, p. 524-530, 2006.

SWAIN, T., HILLIS, W. E. The phenolic constituents of Prumus domestica. I. — The
quantitative analysis of phenolic constituents. Journal of Science and Food Agricultural. p.
63 — 68., 1959.



72

TALCOTT, S. T., PERCIVAL, S. S., PITTET-MOORE, J., CELORIA, C. Phytochemical
composition and antioxidant stability of fortified yellow passion fruit (Passiflora edulis).
Journal of Agricultural and Food Chemistry. v. 51, n. 4, p. 935-941, 2003.

TOKUR, B., POLAT, A., OZKUTUK, S., BEKLEVIK G. Changes in the quality of fidh
burger produced from tilapia (Oreochromis niloticus) during frozen (-18°C). European Food
Research Technology. v. 218, p. 420-423, 2005.

TOKUR, B., OZKUTUK, S., ATICI, E., OZYURT, G., OZYURT, C. E. Chemical and
sensory quality changes of fish fingers, made from mirror carp (Cyprinus carpio L., 1758),
during fronzen storage (-18°C). Food Chemistry. 99, n. 2, p. 335-341, 2006.

UNDELAND I., EKSTRAND B., LINGNERT H. Lipid Oxidation in Minced Herring
(Clupea harengus) during Frozen Storage. Effect of Washing and Precooking. Journal
Agricultural and Food Chemistry. v. 46, n. 6, p. 2319-2328, 1998.

MADHAVI, D. L., DESPANDE, S. S., SALUNKHE, D. K. Food Antioxidants:
technological, toxicological and health perpectives. New York:Marcel Dekker, Inc.; Hong
Kong: Ed., 1995, 490p.



73

Table 1: Antioxidant activity and phenolic content of extracts from mango, peach,

and passion fruit dried seeds

Antioxidant activity Phenolic content

DPPH FRAP FCR
Sample

(mmol trolox.g")  (umol trolox.g")  (mg CAE.g™")

Mango (MangiferaindicaL.) 31.13°+12.89  316.24°+10.04 12247 +3.14
Peach (Prunus persica) 1.99 € +0.60 21.34°+7.52 19.93° +0.31

Passion fruit (Passiflorasp.) 13.32°+0.71  181.74°+4527  63.16° +3.18

Results are expressed per g of dried seed used to prepare the extract and are the means of three determinations +
standard error. CAE: chlorogenic acid equivalent; FCR: Folin-Ciacoulteau reagent; DPPH: 1,1-diphenyl-2-
picrylhydrazyl; FRAP: ferric reducing antioxidant power. Different letters within the same column indicate
significant differences (p<0.05).
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Figure 1: Increase of thiobarbituric acid reactive substances (TBARS) in fish homogenate at 37°C in the absence or presence of ethanolic
extracts (0.05-0.3 mg phenolic compounds) from mango (A), passion fruit (B), and peach (C) seeds. Results (% of initial values — time 0)

are mean of three determinations + standard error. *Significantly different from the initial time (p<0.05).
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Figure 2: Effect of mango seed extract (MSE) on conjugated dienes (CD) of silver catfish burgers during storage at —10°C (A) or -20 °C
(B). Results are mean of three determinations + standard error. * p<0.05 vs. day 0 from the same formulation.  p<0.05 vs. standard formulation
at the same time. "p<0.05 vs. pulp waste formulation at the same time. Standard: formulations without pulp from filleting wastes; Pulp:
formulations with 50% pulp filleting wastes and 50% grounded fillet; Pulp+30 ppm MSE: plus 30 ppm mango seed extract; Pulp+90 ppm: plus

90 ppm mango seed extract. OD: optical density.
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Figure 3: Effect of mango seed extract (MSE) on peroxide value (PV) of silver catfish burgers during storage at —10°C (A) or 20 °C (B).
Results are mean of three determinations + standard error. *p<0.05 vs. day 0 from the same formulation. ¢ p<0.05 vs. standard formulation at the
same time. “p<0.05 vs. pulp waste formulation at the same time. Standard: formulations without pulp from filleting wastes; Pulp: formulations
with 50% pulp filleting wastes and 50% grounded fillet; Pulp+30 ppm MSE: plus 30 ppm mango seed extract; Pulp+90 ppm: plus 90 ppm mango

seed extract.



77

- Standard

% . T B Pulp
2 200 . ; 2.00 | Pulp+30 ppm MSE
B A p g B [ Pulp+90 ppm MSE
(@] { &
= * < *
S 100" S 100 - s
= o *
o S
E 050 ;)’ 0.50
n a4
o <
< 0.00 @ 0.00
— 0 30 90 120 0 30 a0 120

Time (days) Time (days)

Figure 4: Effect of mango seed extract (MSE) on thiobarbituric acid reactive substances (TBARS) of silver catfish burgers during
storage at —10°C (A) or —20 °C (B). Results are mean of three determinations + standard error. *p<0.05 vs. day 0 from the same formulation.
4p<0.05 vs. standard formulation at the same time. “p<0.05 vs. pulp waste formulation at the same time. Standard: formulations without pulp
from filleting wastes; Pulp: formulations with 50% pulp filleting wastes and 50% grounded fillet; Pulp+30 ppm MSE: plus 30 ppm mango seed

extract; Pulp+90 ppm: plus 90 ppm mango seed extract.
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Figure 5: Effect of mango seed extract (MSE) on free fatty acids (FFA) of silver catfish burgers during storage at —10°C (A) or -20 °C
(B). Results are mean of three determinations + standard error. *p<0.05 vs. day 0 from the same formulation. “p<0.05 vs. standard formulation at
the same time. "p<0.05 vs. pulp waste formulation at the same time. Standard: formulations without pulp from filleting wastes; Pulp:
formulations with 50% pulp filleting wastes and 50% grounded fillet; Pulp+30 ppm MSE: plus 30 ppm mango seed extract; Pulp+90 ppm: plus

90 ppm mango seed extract.
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4. DISCUSSAO

Visando avaliar o efeito da inclusdo de polpa de residuos sobre a qualidade das
formulagdes de fishburger desenvolvidas, foram realizadas analises da composigdo
centesimal, perfil lipidico, parametros de cocg¢do, cor e sensorial (Artigo 1).

As formulagdes cozidas apresentaram valores significativamente maiores de proteinas,
lipideos e cinzas como resultado da perda de dgua durante o processo de cocgdo. A utilizagao
de polpa de residuos, nos niveis testados, ndo afetou o teor de umidade, proteinas e cinzas da
formulagdo em estudo (p<0,05). No entanto, foi possivel observar um aumento significativo
no teor de lipideos das amostras cruas com 50% e 80% de polpa. Os resultados obtidos sao
semelhantes aos obtidos em outras pesquisas para fishburger de minced de tilapia
(Oreochromis niloticus) (Tokur et al., 2004) e fish fingers de minced de carpa (Cyprinus
carpio) (Tokur et al., 2006) produzidos a partir de filés obtidos por filetagem manual.

A polpa de residuos resultantes de filetagem manual, utilizada neste trabalho foi obtida
em moedor de carnes equipado com disco de 2 mm. Considerando que o processo industrial
de obtencao de polpa de pescado ¢ realizado em desossadeira mecanica e, que isso pode
determinar modificacdes na qualidade conforme o processo utilizado, a composi¢do
centesimal e o perfil lipidico foram determinados na polpa produzida pelos dois métodos.

Os resultados obtidos para a composicdo centesimal foram semelhantes entre as
polpas, porém o método de extragao da polpa alterou os resultados da composicao lipidica,
ocasionando em um aumento da razao n-6/n-3 para a polpa obtida em desossadeira mecanica.

A composicao centesimal da polpa de residuos da filetagem foi semelhante a obtida
para filés de jundia, porém elas diferiram em rela¢do aos resultados obtidos na determinacao
do perfil lipidico (Losekann, 2006). A composicdo centesimal obtida para a formulagdo
padrdo apresentou resultados semelhantes aos previamente relados para filés de jundid
(Losekann, 2006). A utilizagao de polpa de residuos da filetagem alterou significativamente a
composicdo de acidos graxos dos fishburgers. No entanto, dependendo do composto em
estudo, diferentes efeitos foram verificados. Sendo assim, os teores dos acidos graxos C14:0,
C16:1n-7t, C16:1n-7¢c, C20:1n9, C18:3n-3, C20:4n-6, C22:5n-3 aumentaram com a adi¢ao de
polpa de residuos da filetagem, enquanto que os acidos graxos C18:0, C18:1n-9t, C18:2n-6t, e
C18:2n-6¢ tiveram seus valores reduzidos. As variagdes acima relatadas foram observadas
com maior intensidade na formulacdo com 80% de polpa, estdo de acordo com os resultados

obtidos na determinagdo do perfil lipidico da polpa de residuos.
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A razdo entre acidos graxos poliinsaturados n-6/n-3 diminuiu significativamente com
a inclusdo de 20, 50 e 80% de polpa. Esses resultados estdo de acordo com a diferenca
observada entre a razdo de acidos graxos n-6/n-3 encontrada para a polpa de residuos (1,07) e
os relatados para filés de jundia (7,5; Losekann, 2006).

Do ponto de vista nutricional, a diminui¢do da razdo n-6/n-3 ¢é uma alteragdo
desejavel, visto que diversos estudos epidemioldgicos e experimentos com animais € humanos
tém comprovado os efeitos benéficos dos acidos graxos n-3 na prevencdo de doencgas
cardiovasculares e cancer; ¢ sua essencialidade na formacdo da retina e desenvolvimento
cerebral de recém-nascidos (Simopoulos, 1999).

Considerando que a inclusao de polpa de residuos da filetagem poderia modificar
caracteristicas sensoriais como a cor, textura e suculéncia, foram realizadas analises de cor,
medidas de pardmetros de coc¢do e analise sensorial (Artigo 1).

A substitui¢do de filé por 20, 50 ou 80% de polpa de residuos de filetagem em
formulagoes de fishburger nao produziu alteragdes significativas na capacidade de retengdo de
agua e gordura das formulagdes. Além disso, a formulagdo com 50% de polpa de residuos
apresentou maiores valores para rendimento pds-coc¢do que as outras formulagdes.

Nao foram encontrados trabalhos que avaliem a capacidade de reten¢do de gordura,
agua e rendimento em fishburgers ou produtos semelhantes. No entanto, os resultados obtidos
para a capacidade de retengdo de dgua e rendimento pds-coccdo foram semelhantes aos
relatados para produtos carneos, enquanto que os valores obtidos para a retencdo de gordura
foram maiores (Khalil, 2000; Seabra et al. 2002; Aleson-Carbonell et al. 2005).

O processo de cocgdo resultou no desenvolvimento de coloragdo amarela indicada
pelo aumento nos valores de b~ e 4ngulo matiz. Além disso, ocorreu diminuigdo significativa
na luminosidade e saturagdo (croma) das formulagdes. Os resultados obtidos estdo de acordo
com o esperado visto que durante o processo de cocgao alteragdes, como a reagdo de Maillard,
estao ocorrendo e sdo responsaveis pela caracteristica final do produto cozido.

O aumento da inclusdo de polpa de residuos da filetagem nas formulagdes provocou o
escurecimento da formulagdo (diminuicao dos valores de L*), principalmente nas formulagdes
com mais de 50% de substituicdo. Além disso, as amostras tiveram um aumento significativo
nos valores de a* indicando que uma maior quantidade de sangue e pigmentos podem ter sido
agregados a formulacdo a partir da polpa.

Nao foram observadas alteragdes significativas na textura e suculéncia das
formulagdes com a substitui¢ao de filé pela polpa de subprodutos nos niveis testados. No

entanto, a formulagdo com 80% de polpa apresentou menor aceitacdo que a formulacdo
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padrao no teste de ordenagdo realizado por julgadores ndo treinados (n=34). Sendo assim,
possiveis alteragdes na aparéncia geral e sabor da formulagdo devem justificar estes resultados
j& que os parametros avaliados nao foram alterados.

A lavagem da polpa ou minced fish ¢ uma metodologia bastante empregada para a
remocao de pigmentos do sangue, compostos nitrogenados soluveis, enzimas e componentes
flavorizantes resultando em uma cor ¢ odor menos intensos no produto final (Oeterrer et al.,
2006). Tokur et al. (2006) avaliaram o efeito da lavagem de minced fish na aceitacdo de fish
fingers de carpa e, os resultados indicaram uma maior aceitacdo para os produtos elaborados
com lavagem prévia do minced fish. Sendo assim, a lavagem da polpa de residuos poderia ser
testada com o objetivo de aumentar a porcentagem de polpa na formulagdo de fishburger sem
alterar a sua aceitacdo. No entanto, a lavagem provoca perda de proteinas soliiveis, o que
poderia diminuir o rendimento da polpa obtida.

O teor de lipideos e a composicdo de acidos graxos sdo os principais fatores que
determinam a velocidade de oxidacdo e o aparecimento de compostos de sabor e odor
desagradavel (Santos-Yap, 1995). Considerando que o total de acidos graxos poliinsaturados
variou de 22,7 a 24,6%, que durante o processamento da carne de peixe e residuos da
filetagem ocorre a incorporagdo de oxigénio e, que o congelamento inibe a deterioragdo por
microrganismos, a oxidagao lipidica provavelmente sera a principal reacdo que pode provocar

alteracdes indesejaveis durante o armazenamento das formulacdes desenvolvidas.

Sendo assim, decidiu-se avaliar a vida de prateleira, sob congelamento, dos
fishburgers desenvolvidos e uma possivel extensdao dessa vida de prateleira com o uso de
antioxidantes naturais obtidos a partir do aproveitamento de residuos do processamento de
frutas (sementes). Assim, avaliou-se o teor de compostos fenolicos totais e a atividade
antioxidante das sementes de manga, maracuja e péssego. Os resultados foram utilizados para
a escolha da melhor fonte para o desenvolvimento de um extrato vegetal que retarde ou
previna as alteragdes causadas pela oxidagdo lipidica em formulagdes de fishburgers de jundia

(Artigo 2).

Os teores totais de compostos fenolicos e atividade antioxidante total (AAT) variaram
entre as fontes utilizadas neste estudo, sendo que os maiores valores foram encontrados na
semente de manga, seguido das sementes de maracuja e péssego (p<0,05). Rababah et al.
(2005) também encontrou uma significativa variagdo no teor de fenodlicos totais entre as
diversas fontes de frutas estudadas e justificou como sendo resultado da grande variedade de

compostos fendlicos e derivados que podem estar presentes nestas frutas.
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Os resultados da determinagdo da atividade antioxidante total em DPPH® e pelo
método de FRAP tiveram uma relagdo linear com o teor de compostos fenodlicos totais
(1*>0,99 e 0,90, respectivamente, p<0,05), sugerindo que a presenca destes compostos &
responsavel pela atividade antioxidante das sementes. Outros trabalhos também relataram
uma alta correlacdo entre o teor de fenolicos e os resultados da atividade antioxidante total
avaliada pelo teste do DPPH® (Gil et al., 2002, Mahattanatawee et al., 2006) ou através da
capacidade de absor¢do de oxigénio radicalar (ORAC, oxygen radical absorbance capacity;

Rababah et al., 2005).

No entanto, a razdo entre a atividade antioxidante total e o teor de compostos
fenolicos foi maior para as sementes de manga e maracuja e menor para a de péssego (razao
DPPH/fen6licos e FRAP/fendlicos, Artigo 2). Portanto, estes resultados sugerem que os
compostos fenolicos das sementes de manga e maracuja apresentam maior capacidade
antioxidante que os da semente de péssego. Isto poderia ser justificado por diferengas
estruturais entre os compostos fenolicos presentes nas diferentes fontes, pois a estrutura de
compostos fendlicos determinard a sua capacidade de remover radicais livres e de quelar
metais. No caso de acidos fendlicos, por exemplo, a atividade antioxidante depende do
numero e das posi¢des de grupos hidroxila, bem como da alquilacdo ou glicosilagao desses

grupos (Rice-Evans et al., 1996).

No entanto, o método usado para determinagdo de fenolicos baseia-se na sua reagao
com Folin-Ciocalteau que nao ¢ especifica. Além de fenolicos, aglicares e acido ascorbico
também podem reagir (Singleton et al., 1965 apud Mathaiis, 2002). Sendo assim, as
diferengas nas razdes poderiam indicar também diferencas no conteudo destes compostos

(proteinas, acucares, etc.) na semente de péssego, justificando a menor razao encontrada.

Além das metodologias para determinagdo da capacidade antioxidante, citadas
anteriormente, foi testada a capacidade dos extratos em inibir a oxidagdo de homogeneizado
de carne de peixe submetido ao aquecimento a 37°C durante 90 minutos. Os resultados
obtidos para o grupo controle (sem extrato) indicaram que o método utilizado para a indugao
da oxidacao foi efetivo e os valores apds 60 minutos sob aquecimento foram maiores que os
iniciais. Os extratos das sementes de manga, maracuja e péssego apresentaram a mesma
capacidade de impedir a oxidacdo lipidica em homogeneizado de carne de peixe quando
adicionados na mesma concentracdo de compostos fenolicos. Sendo assim, a selecdo da
melhor fonte foi realizada considerando o teor de compostos fendlicos na semente ¢ a

atividade antioxidante total medidas em DPPH e pela metodologia de FRAP.
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O mesmo modelo alimentar foi utilizado em outras pesquisas para a determinagao da
capacidade antioxidante de cascas de sementes de frutas citricas (Kang et al.,2006) e de
extratos de um tipo de orégano (dittany; Origanum dictamnus L.; Moller et al., 1999) e os
resultados de ambas as pesquisas foram satisfatorios na inibi¢do do aumento dos niveis de
TBARS quando relacionados ao grupo controle.

As condi¢des de extracao iniciais dos compostos fendlicos de semente de manga
resultavam em concentracdes baixas de compostos fendlicos por volume de extrato.
Conseqiientemente, o volume de extrato a ser adicionado durante o preparo dos fishburgers
seria grande e, uma etapa prévia de concentragdo por evaporagdo no extrato seria necessaria
aumentando o custo de produgdo. Sendo assim, modificacdes no processo de extragao foram
realizadas visando o aumento da concentragdo destes compostos e a reducdo do volume de
extrato a ser adicionado na massa de fishburguer. O extrato obtido nas novas condigdes
apresentou maiores valores de compostos fendlicos totais (17.31£0.53 mg de acido
clorogénico/ml) que o obtido nas condigdes iniciais (0.49+0.01 mg acido clorogénico/ml).

Os produtos primarios (dienos conjugados e perdxidos) e secundarios (TBARS) da
oxidacao lipidica, bem como o teor de acidos graxos livres (AGL), foram medidos para a
avaliacdao do grau de oxidagdo das formulac¢des padrdo (sem adi¢do de polpa), com 50% de
polpa de residuos da filetagem, com 50% polpa e 30 ou 90 ppm de compostos fenolicos do
extrato de semente de manga (ESM) (Artigo 2). Estes valores foram estipulados a partir da
menor concentracdo de fendlicos do ESM testado no homogeneizado de carne de peixe que
ainda apresentou capacidade de inibicdo da peroxidagdo lipidica (0,05mg de compostos
fenolicos/4,4 ml de homogeneizado com 25% de carne de jundia ou 50 ppm de ESM).

A temperatura e o tempo de estocagem tiveram efeito significativo em todos os
parametros avaliados (p<0,05). O comportamento apresentado pelos teores de dienos
conjugados e peroxidos foram semelhantes ao longo do tempo, com tendéncia a diminui¢ao
apo6s 90 dias. Estes resultados indicam o inicio da decomposi¢do de peroxidos e formagao dos
produtos secundarios da oxidagao.

Os resultados de dienos conjugados e peroxidos apresentaram um comportamento
semelhante ao relatado para bacalhau (Micromesistius poutassou), sendo observado um
aumento dos teores até¢ valores maximos, com subseqiiente diminui¢do, como resultado da
decomposicao dos hidroperdxidos e formagdao de compostos de menor peso molecular. Além
disso, o efeito protetor de baixas temperaturas também foi verificado nesta pesquisa

(Aubourg, 1999).
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Nao foram observados efeitos das diferentes formulagdes de fishburger com relagdo a
concentracdo de TBARS durante a armazenagem. No entanto, na temperatura de -20°C, a
formula¢do com polpa e 90 ppm de ESM apresentou menores teores de TBARS que a
formulag@o com polpa sem a adicdo de extrato, apos 120 dias de armazenagem. Apos 120 dias
a—10 ¢ —20°C, os niveis de TBARS aumentaram significativamente em todas as formulagdes.
Os valores médios obtidos nas formulagdes armazenadas a —20°C foram menores do que os
encontrados a —10°C, porém os valores foram inferiores aos indicados como limitantes da
aceitagdo em ambas as temperaturas (3 mg/kg; Al-Kahtani et al., 1996).

Durante os 120 dias, em ambas as temperaturas, os valores de TBARS dos fishburgers
foram maiores do que os relatados para fishburgers de tilapia (Tokur et al., 2005) ¢ fish
fingers de carpa (Tokur et al., 2006).

Considerando que apds 120 dias a —20°C foi verificado uma diminui¢do significativa
nos teores de TBARS das formulagdes contendo 90 ppm de compostos fenolicos do ESM e,
que os valores ainda estavam abaixo dos limites de aceitabilidade, o efeito protetor do ESM
poderia ser identificado apds o periodo utilizado neste estudo. Além disso, ndo se pode
descartar a possibilidade de que concentragdes maiores de extrato possam apresentar uma
inibigcdo mais efetiva da oxidacdo lipidica em fishburgers, ja que no modelo alimentar com
homogeneizado de carne o extrato foi capaz de inibir o aumento nos niveis de TBARS.

Os niveis de AGL aumentaram durante a armazenagem a —10 e 20°C e, a adigdo de 30
e 90 ppm de compostos fendlicos do ESM nas formulagoes de fishburger com polpa nao
apresentou efeito significativo nos resultados de AGL encontrados. Este resultado era
esperado ja que a hidrdlise de acidos graxos nao decorre da oxidacao lipidica, mas € resultante
da acdo de enzimas presentes no musculo de pescados, que sdo liberadas apds o rompimento
celular ocasionado pelo processamento. Assim, ndo seria provavel que sofresse influéncia de
antioxidantes.

O aumento nos teores de AGL durante armazenamento congelado foi verificado
também em bacalhau (Aubourg, 1999), fishburger de tilapia (Tokur et al., 2004) ¢ kamaboko
elaborado com minced de carpa (Siddaiah et al., 2001).
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5. CONCLUSOES

A elaboragdo de polpa a partir de subprodutos da filetagem do jundié possibilitou um
aproveitamento de cerca de 75% do residuo utilizado, representando uma diminuigdo
consideravel no impacto ambiental resultante do processamento do jundid. Além
disso, a composi¢ao centesimal da polpa obtida foi semelhante a relatada para filés de
jundid, apresentando na fragdo lipidica menor proporcdo de 4cidos graxos
poliinsaturados n-6/n-3.

A utilizacdo de polpa de subprodutos da filetagem do jundid na produgdo de
fishburgers resultou um aumento significativo no teor de gordura das formulagdes nos
fishburgers com 50% e 80% de polpa. No entanto, o perfil lipidico dessas formulagdes
apresentou menor razao entre acidos graxos poliinsaturados n-6/n-3, representando
uma melhora da qualidade nutricional das formulagdes.

A capacidade de retencao de 4gua e de gordura ndo foi afetada pela utilizacdao da polpa
de subprodutos da filetagem nos fishburgers de jundia e, o rendimento pds-cocgdo foi
maior nas formulag¢des produzidas com 50% de incorporagdo de polpa.

A diminui¢do da luminosidade ¢ aumento nos valores de a* foram as principais
alteracdes de cor provocadas pela incorporagdo de polpa de subprodutos da filetagem
em fishburgers.

Apesar de ndo terem sido identificadas diferencas significativas na textura e
suculéncia das formulagOes na analise sensorial, a aceitagdo de formulagdes de
fishburger foi reduzida pela inclusdo de 80% de polpa obtida de subprodutos da
filetagem do jundid. Assim, os resultados indicam que a utilizagdo de até¢ 50% da
polpa n3o provou alteragcdes significativas na qualidade sensorial de fishburgers,
resultando em formula¢des com melhor qualidade nutricional e de reduzido custo.

Os extratos de sementes de manga (Mangifera indica L.) e maracuja (Passiflora sp.)
apresentaram maiores teores de fenolicos totais e atividade antioxidante (DPPH e
FRAP) que as de péssego (Prunus persica). No entanto, todos os extratos
apresentaram protecdo semelhante contra a peroxidagdo lipidica in vitro em
homogeneizado de peixe.

Nao foi observado efeito significativo da adi¢do de extrato de semente de manga sobre
a oxidag¢do lipidica de formulagdes de fishburger contendo polpa de subprodutos da
filetagem durante 120 dias a —10 e —20°C.
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