UNIVERSIDADE FEDERAL FLUMINENSE

FACULDADE DE VETERINARIA

PROGRAMA DE POS-GRADUAGCAO EM HIGIENE VETERINARIA
E PROCESSAMENTO TECNOLOGICO DE PRODUTOS DE
ORIGEM ANIMAL

KAROLINE RIBEIRO PALMEIRA

Aplicacdo da transglutaminase, residuo de soja
e substituicao parcial do sal na elaboracéao de
almondega de Truta Arco-iris (Oncorhynchus

myKkiss)

Niterdi

2014



KAROLINE RIBEIRO PALMEIRA

Aplicacdo da transglutaminase, residuo de soja e substituicéo
parcial do sal na elaboracédo de almdndega de truta arco-iris

(Oncorhynchus m

ykiss)

Dissertacdo apresentada ao Programa
de Pés-Graduacdo em  Medicina
Veterinaria da Universidade Federal
Fluminense, como requisito parcial para
obtencdo do grau de Mestre. Area de
Concentracdo: Higiene Veterinaria e
Processamento Tecnologico de
Produtos de Origem Animal.

Orientador: Prof. Dr. CARLOS ADAM CONTE JUNIOR
Co- orientadoras: Profa. Dra. ELIANE TEIXEIRA MARSICO
Profa. Dra. CLAUDIA EMILIA TEIXEIRA

Niteroi
2014



KAROLINE RIBEIRO PALMEIRA

Aplicacéo da transglutaminase, residuo de soja e substituicdo parcial do
sal na elaboracdo de almbéndega de truta arco-iris (Oncorhynchus
myKkiss)

Dissertacdo apresentada ao Programa de
Pos-Graduacdo em Medicina Veterinaria da
Universidade Federal Fluminense, como
requisito parcial para obtencdo do grau de
Mestre. Area de Concentracdo: Higiene
Veterinaria e Processamento Tecnoldgico
de Produtos de Origem Animal.

Aprovada em 07 de abril de 2014:

BANCA EXAMINADORA

Prof. Dr. Carlos Adam Conte JuUnior - Orientador
Universidade Federal Fluminense

Profa. Dra. Eliane Teixeira Marsico — Co-orientadora
Universidade Federal Fluminense

Profa. Dra. Claudia Emilia Teixeira — Co-orientadora
Universidade Federal Fluminense

Prof. Dr. Alex Augusto Gongalves
Universidade Federal Rural do Semi-Arido

Niteroi
2014



AGRADECIMENTOS

A Deus, pela minha existéncia e pelas oportunidades que tem me dado até

hoje e aos mentores espirituais que sempre me auxiliam.

Aos meus pais, por serem sempre pessoas presentes e serem meu

exemplo de vida! Amo vocés!

A minha irma Karen, pelo apoio e carinho em todas 0os momentos e por ter

me dado 3 sobrinhos lindos, que alegram minha vida!
Ao meu noivo Benicio, pela paciéncia e companheirismo.

A minha avé Solange, que aonde quer que esteja esta muito feliz com mais

essa Vitoria

Ao orientador Prof. Carlos Adam Conte Junior, pelos ensinamentos, e pelo

apoio durante o curso.

A orientadora, Profa. Eliane Teixeira Marsico pelo exemplo forca e

dedicacao.

A orientadora, Profa. Claudia Emilia Teixeira, pelos ensinamentos e

amizade.

As minhas amigas Lais Doro e Bruna Rodrigues pela ajuda e

companheirismo.

A Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior - CAPES

pelo auxilio financeiro.

A todos que direta ou indiretamente contribuiram para que mais esse
objetivo tenha sido alcangado.



EPIGRAFE

“Cada homem € uma casa espiritual que deve
estar, por deliberacéo e esforco do morador,
em continua modificagédo para melhor.”

Emmanuel.



RESUMO

O consumo de pescado apesar de ser baixo no Brasil apresenta potencial de
crescimento. O desenvolvimento de novos produtos utilizando esta matriz apresenta-
se como uma alternativa para impulsionar a diversidade e distribuicbes de novos
nichos de mercado. Devido a heterogeneidade de crescimento dos peixes, pode
ocorrer o descarte daqueles que nao atingem o tamanho comercial adequado,
comprometendo a aceitacdo dos filés, que normalmente sdo subutilizados como
residuos de producdo. Esta dissertacdo teve como objetivo elaborar um
reestruturado, tipo alméndegas, utilizando-se residuo do processamento de Truta
arco-iris, proteina texturizada de soja (PTS), transglutaminase (TGM) e substituicdo
parcial do cloreto de sédio por cloreto de potassio. Para o preparo do reestruturado,
foram utilizados cinco tratamentos. O controle (T1) utilizando somente amido (4%),
com 1% de transglutaminase (T2), com 4% PTS (T3) adicionado de 4% de PTS e
1% de TGM (T4) e utilizando 4% de PTS, 1% de TGM e substituicdo do cloreto de
sédio por cloreto de potassio em proporcao de 75%: 25% (T5). A elaboracédo de
produtos derivados de pescado que apresentem valor agregado é um interesse para
a industria do setor e para 0s O0rgdos governamentais que visam 0 aumento no
consumo destes produtos que apresentam caracteristicas nutricionais desejaveis.
Entretanto, dentre os produtos de origem animal, o pescado € o mais susceptivel ao
processo de deterioracdo, fato que destaca a importancia de parametros e
ferramentas analiticas que determinem seu estado de conservagdo. O presente
estudo foi dividido em duas partes: (1) Avaliar a composicdo centesimal e a
caracteristica sensorial de almbdndegas preparadas a partir de residuos do
processamento da Truta arco-iris (Artigo 1); os resultados mostraram que a adi¢cao da
transglutaminase e da proteina de soja, além da substituicdo parcial do cloreto de
sédio pode ser alcancada sem prejudicar a caracteristica fisico-quimica e sensorial
do produto. (2) Avaliar, através de parametros fisico-quimicos e bacterioldgicos, os
produtos elaborados com o residuo de truta arco-iris (Artigo Il); os resultados
sugerem que a utlizacdo combinada dos componentes associados ao
armazenamento congelado pode ser aplicada como uma alternativa para a
elaboracdo de novos produtos fabricados a partir de residuos de truta. Baseado nos
dados obtidos nas duas etapas do trabalho concluiu-se que a utilizacéo dos residuos
pode ser uma alternativa viavel como matéria-prima de baixo custo para a producéo
de novos produtos, diminuindo a poluicdo ambiental, agregando valor aos residuos,
possibilitando alternativa de lucro para industria, além de atender a demanda dos
consumidores por um alimento de facil preparo, baixo custo e alto valor nutritivo.

Palavras-chave: transglutaminase, redugéo de sodio, truta arco-iris
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1 INTRODUCAO

O desenvolvimento econdmico do pais, associado as mudangas no hébito
alimentar da populacéo tem sido responsavel pela crescente demanda por pescado
no Brasil e no mundo. Apesar de as principais empresas brasileiras de proteinas nao
demonstrarem interesse por pescado, essa € a proteina de maior producdo e
consumo mundiais. A producao global de pescado foi de aproximadamente 148
milhdes de toneladas em 2010, de acordo com a FAO. No Brasil, a producéo total foi
de 1.241 toneladas, conforme dados divulgados pelo Ministério da Pesca e
Aquicultura (MPA) para 2009.

A média de consumo de pescado no mundo por ano € superior a 18 kg por
habitante (FAO, 2011), no Brasil, a média de consumo per capita foi inferior, ficando
proximo a 11,7 kg, dentro dos valores estabelecidos pela Organiza¢cdo Mundial da
Saude (OMS), que recomenda um consumo de 12 kg/hab/ano. No entanto, o
consumo brasileiro cresceu 23,7% nos ultimos 2 anos (MPA, 2013). A demanda
mundial por pescado vem crescendo de forma acelerada em decorréncia do

aumento populacional e da busca por alimentos mais saudaveis.

Em 2009, o Brasil foi o 19° maior produtor de pescado do mundo, com
1.264.765 toneladas (0,75% do total), do total produzido pela piscicultura nacional
(MPA, 2011), uma grande parcela € atribuida ao cultivo de carpas, trutas e tilapias
(CREPALDI, 2006). Devido as suas caracteristicas, sabor delicado e excelente
qualidade nutricional, a Truta arco-iris (Onchorynchus mykiss) despertou grande
interesse por parte de criadores em realizar o seu cultivo comercial (MACHADO et
al., 2007). Até 2007, a producgéo nacional de trutas encontrava-se na faixa de 2500
toneladas por ano, o que correspondia a menos de 10% do volume de salmonideos
consumidos no Brasil, comercializada principalmente nas formas in natura e
congelada, com peso ao redor de 300 gramas (AMARAL, 2007). Segundo o Boletim
Estatistico da Pesca e Aquicultura, do Ministério da Pesca e Aquicultura, em 2009 a
producao de trutas no Brasil foi superior a 4 mil toneladas por ano (BRASIL, 2009). A
maioria das truticulturas brasileiras caracteriza-se como empreendimentos agricolas
do tipo familiar, pois os recursos hidricos favoraveis para a criagdo da truta sao
pouco volumosos, resultando em unidades com baixa escala de producdo. A

sustentabilidade econdmica nessa atividade depende da utilizagdo de tecnologias
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que proporcionem aumento da produtividade e diversificagdo de produtos de valor
agregado (TABATA; PORTZ, 2004).

No sentido de promover o consumo do pescado, € preciso levar em
consideracéo os desejos e preocupacdes do consumidor. Sendo assim, os produtos
industrializados, oriundos da aquicultura, tém um grande mercado para ser
explorado no Brasil, a exemplo do que ocorre em varios paises, onde a diversidade
de produtos industrializados estd mais consolidado. O processamento e a
industrializacdo permitem ndo sé agregar valor, como também contribuir para a
popularizacdo do consumo do produto, como ocorreu na cadeia produtiva do frango,
cuja expansao e a consolidacdo da atividade s6 se deram apds uma mudanca

significativa nas formas de apresentacéo dos produtos (BARTOLOMEU, 2011).
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2. FUNDAMENTACAO TEORICA

2.1 RESIDUOS

A sociedade tem voltado cada vez mais sua atencdo para questdes
ambientais. Existe uma tendéncia mundial dos consumidores ndo se preocuparem
apenas com a qualidade dos produtos, mas também com a responsabilidade com
que os fabricantes demonstram na elaboragcdo dos seus produtos, alguns
consumidores pagam mais por produtos de empresas que ndo causam danos ao
meio ambiente (SOBRAL, 2004). A gestdo ambiental se enquadra justamente neste
novo conceito da sociedade mundial em que as empresas passam a buscar uma
melhoria continua de seus produtos, no que se refere a qualidade, ao
desenvolvimento sustentavel e a reducdo de impactos negativos, para terem uma
imagem positiva, junto aos consumidores de seus produtos (SPILLERE;
BEAUMORD, 2006).

Segundo Silva e Maciel (2011), o termo residuo solido pode ser entendido
como parte dos residuos gerados que ainda possui valor comercial se for manejado
adequadamente, ou seja, s6 depois de esgotar as possibilidades de utilizar o residuo
de uma atividade para outra € que se pode classificar esse material como descarte.
A coleta e o tratamento de residuos gerados pela perda de alimentos tém alto custo
financeiro, social e ambiental. Os residuos podem apresentar valor potencial, em
particular os organicos, por sua capacidade de agregar valores econdmicos e sociais
ao seu tratamento, como o reaproveitamento destes residuos e a reciclagem (PRIM,
2003).

A rejeicdo da matéria prima pode estar associada a diferentes fatores, tais
como, perda por peso, perda da qualidade, o que acarreta rejeicéo tanto do varejista
guanto do consumidor no momento da compra e perda de valor nutricional do
produto devido a técnicas inadequadas de armazenamento ou manuseio incorreto,
reduzindo a disponibilidade do alimento para o consumo in natura (CHITARRA,;
CHITARRA, 2005).

De acordo com Stevanato et al, (2007) o destino de 68% dos residuos

produzidos, por empresas do Sul do Brasil, sdo encaminhados as industrias de
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farinha de pescado, 23% s&o encaminhados ao aterro sanitario municipal e 9% séo
despejados diretamente nos rios, constituindo assim um grave impacto ambiental. A
meédia de descarte do pescado capturado, mesmo antes de chegar a industria para
beneficiamento € de aproximadamente 40% nas regifes Sul e Sudeste, ou seja, 0

pescado € rejeitado ainda na embarcacdo, podendo gerar potenciais fontes
poluidoras de recursos hidricos, do solo e do ar (PESSATTI, 2001).

O aproveitamento de residuos é de grande importancia para evitar 0s
desperdicios, reduzir os custos de producdo do pescado e a poluicdo ambiental
(STEVANATO et al., 2007). Segundo o mesmo autor, a criacdo de alternativas
tecnoldgicas, com valor agregado que permitam o gerenciamento dos residuos de
pescado, podem trazer como resultado o combate a fome, a geracdo de empregos e

o desenvolvimento sustentavel.

As descobertas dos inUmeros danos ambientais, resultantes das préticas
inadequadas de descarte de residuo, tém aumentado o conhecimento e a
preocupacao dos consumidores sobre esta questdo (MAZZER; CAVALCANTI, 2004).
Nos ultimos anos, esta preocupacédo tem sido manifestada e concretizada, através
da elaboracéo e aprovacédo de leis federais, estaduais e municipais. Ainda segundo
esses autores, paralelamente a conscientizacdo do consumidor, vem o aumento da
procura e aquisicdo de produtos que sejam considerados “verdes/limpos”,
“ambientalmente corretos”, ou produtos que, além de apresentarem boa qualidade,
possuam uma linha de producdo que ndo provoque comprometimento ambiental.
Esses aspectos vém incentivando as industrias a procurarem sistemas de producao
eficazes que reduzam seus impactos ambientais, com custo de mercado compativel
(MACEDO, 2000).

As empresas estdo adotando o Sistema de Gestdo Ambiental (SGA), que as
permite controlar permanentemente os efeitos ambientais de todo o seu processo de
producdo, desde a escolha da matéria-prima até o destino final do produto e dos
residuos liquidos, sdlidos e gasosos, levando a empresa a funcionar de forma mais
sustentavel (BOUCAS et al., 2009). Neste contexto, a certificagdo voluntaria tem sido
um instrumento capaz de promover a credibilidade das empresas frente ao
comprometimento ambiental (MAZZER; CAVALCANTI, 2004), tornando assim o

mercado mais competitivo tanto em ambito nacional quanto em internacional.
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2.2 ELABORACAO DE NOVOS PRODUTOS A BASE DE PESCADO

O desenvolvimento de novos produtos € uma atividade de vital importancia
para a sobrevivéncia das industrias, utilizando novas tecnologias e matérias-primas
que seriam descartadas e apresentam potencial capacidade para serem
industrializados (MACARI, 2007). Os residuos gerados nas unidades processadoras
e 0 pescado que apresenta baixo valor comercial e sdo descartados, acabam muitas
vezes se tornando um sério problema ambiental (AMANCIO et al., 2010). Esses
residuos sdo largamente utilizados devido a facilidade de serem transformados em
diversos produtos, e por apresentarem nutrientes de elevado valor biolégico (STORI
et al.,, 2002). O aproveitamento dos residuos de pescado para consumo humano
atende a demanda pelo aumento de consumo de &cidos graxos da série 6mega-3,
levando-se em consideragao a importancia nutricional na prevengdo e no combate
de doencas cardiovasculares, cancer e disturbios neurolégicos (MANSONA et al.,
2012; DE CATERINA, 2011).

Em funcdo das demandas por produtos com maior conveniéncia de preparo,
muitas industrias tém mostrado interesse em desenvolver novos produtos a base de
pescado, que além de agregar valor, possibilitam o aumento do consumo deste
alimento nobre e saudavel (VEIT et al., 2011). Como o consumidor busca cada vez
mais praticidade e alimentos de facil manuseio, hA empresas que aproveitam 0s
residuos do pescado para processa-los, transformando-os em nuggets, hamburguer,
alméndegas, empanados, entre outros produtos (SILVA; FERNANDES, 2010). O
aproveitamento integral do pescado gera novos produtos e maior valor agregado.
Como as carnes de frango, suina e bovina, o peixe pode ser inteiramente utilizado,
agregando valor ao que seria descartado. Escamas e sangue podem ser
aproveitados para produzir farinha e 6leo de peixe (STEVANATO et al., 2007).
Entretanto, para que seja possivel o aproveitamento de todo o potencial de
subprodutos, é necessario que haja viabilidade financeira.

A transformacado destes residuos em produtos para alimentacdo humana é
uma otima opcéo de renda para as industrias, podendo aumentar sua lucratividade.
Vidal et al. (2011) afirmam que a grande inovacédo da tecnologia para recuperagao
dos residuos de pescado foi 0 aparecimento de equipamentos capazes de separar 0
material muscular agregado as espinhas com facilidade. A aceitacdo desses

alimentos tem sido crescente uma vez que apresentam aparéncia, odor e sabor
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muito apreciados. Além disso, permitem agregar valor e conveniéncia, atendendo,
dessa forma, interesses tanto dos frigorificos, quanto dos consumidores e
apresentam ainda maior prazo para consumo quando comparado ao pescado in
natura (VEIT, 2011).

A elaboracdo de produtos industrializados derivados de pescado no Brasil é
uma exigéncia permanente, pois estes se apresentam para a populacdo como uma
alternativa de consumo de produtos com elevado valor nutricional e preco acessivel.
Aliado a isto os consumidores terdo acesso a produtos diferenciados, que podem
apresentar-se em diferentes formas e texturas (SILVA, 2006).

Uma caracteristica positiva na elaboracdo dos produtos derivados é que
pode ser utilizado pescado de diferentes tamanhos, além destes produtos poderem
ser adicionados de temperos, apresentando sabor e textura diferenciados sem haver
rejeicdo dos consumidores (PEIXOTO et al.,, 2005). Existem vérias técnicas de
beneficiamento do pescado, sendo uma delas a utilizacdo do pescado em
hamburgueres, almbndegas e nuggets, onde pode ser agregado valor nutricional
ainda maior, através da adicao de outros ingredientes como é a farinha de trigo, de
soja e amido, além de atuar como ligantes devido a sua capacidade de reter agua
ainda atuam como agente texturizante (CORREIA, 2001).

Deve ser levado em consideracao que parte da populacdo ndo tem costume
de se alimentar do pescado in natura, este desafio do baixo consumo pode ser
solucionado com a elaboracdo de novos produtos, cuja diversificacdo das formas de
processamento, pode oferecer ao pescado um aspecto mais aceitavel pela
populacdo (SEBBEN, 2000).

Para elaboragéo destes produtos, as industrias vém utilizando ligantes que
além das suas fungbes de emulsificagdo, absorcdo de &gua e gordura, e
texturizantes, funcionam ainda como alimentos funcionais, como é o caso da
proteina de soja. A soja pode ser considerada um alimento funcional, pois contém
substancias fisiologicamente ativas (MORAES, 2007) capazes de atuar como
moduladores dos processos metabolicos, melhoria nas condi¢cdes de saude e do
bem- estar e prevencao no surgimento de doencas degenerativas.

Outro ligante largamente utilizado é a transglutaminase, devido a sua grande
habilidade de formar géis em solugfes proteicas, a sua aplicacdo tem sido estudada
em diversos alimentos (GERRARD, 2002). Esta enzima tem sido utilizada para

modificar a funcionalidade de varias proteinas, incluindo as presentes em soja,
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miosina, glaten, caseinas e proteinas do soro (TRUONG et al., 2004). A habilidade
da transglutaminase de modificar as propriedades funcionais dos alimentos proteicos
tem sido uma das mais inovadoras utilizacbes de enzimas em tecnologia de
alimentos da ultima década (LORENZEN, 2007).

Na elaboracdo dos novos produtos, para que seja atendido aos
consumidores cada vez mais preocupados com a saude, tem-se optado pela
elaboracédo de produtos com substituicdo parcial do cloreto de sédio (SOARES et al.,
2012). O grande desafio da industria atualmente € o desenvolvimento de produtos
que satisfacam sensorialmente a expectativa dos consumidores e que ao mesmo
tempo, possam ser consumidos sem causar danos a saude. A reformulagédo de
produtos através da substituicdo de ingredientes, como por exemplo, gordura e sal
(NaCl), é uma alternativa para reduzir a associacdo que os consumidores fazem
entre o consumo de produtos carneos e problemas como a obesidade (BARRETTO;
POLLONIO, 2007). Neste contexto pesquisadores tem direcionado os estudos para
utilizacdo de substitutos de sal em produtos carneos como, por exemplo, o cloreto
de potassio (KCI) e o cloreto de magnésio (Mg, Cl) (ALINO et al., 2010). O KClI
possui propriedades similares ao NaCl e €& reconhecido como seguro (GRAS),
podendo ser usado na sua substituicdo sem perda da funcionalidade (VOGEL et al.,
2011). Entretanto, o KCI possui sabor amargo, fato que provoca uma restricdo em
relacdo a adicdo deste em produtos céarneos, sendo a concentracdo de 1%

considerada como o limite maximo de utilizacdo (NASCIMENTO et al., 2008).

2.3 METODOS ANALITICOS

2.3.1 Anédlises bacteriolégicas

Alimentos podem ser contaminados durante manipulacédo e processamento.

Apdés a contaminagcdo o alimento serve como meio para O crescimento de

microrganismos, podendo alterar as caracteristicas fisicas, quimicas e sensoriais do

alimento levando o mesmo a deterioracdo, tornando a analise bacterioldgica

importante, pois inumeros métodos laboratoriais podem ser utilizados para
determinar a presenca destes microrganismos (FRANCO; LANDGRAF, 2003).

A contagem total de microrganismos aerébios mesofilos quantifica as

bactérias aerdbias e/ou facultativas e mesofilas (35 - 37°C), presentes tanto sob a
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forma vegetativa quanto esporulada (CUNHA, 2009). Segundo o mesmo autor, o
namero de microrganismo aerobios e mesofilos (contagem em placa) encontrado em
um alimento tem sido um dos indicadores de qualidade dos alimentos mais
utilizados, indicando se a limpeza, a desinfeccdo e o controle da temperatura
durante o processamento dos produtos, além do transporte e armazenamento, foram

realizados de forma adequada.

2.3.2 Andlises fisico — quimicas

As andlises fisico-quimicas sdo realizadas com o objetivo de avaliar a
qgualidade dos alimentos. A importancia das analises consiste na identificacdo das
alteracbes fisico-quimicas a partir de compostos oriundos do processo de
degradacédo, e outras alteracbes que interferem na qualidade do produto,
proporcionando risco a saude dos consumidores (ZOCCHE et al., 2002).

2.3.2.1 Composicao centesimal

A Composicdo Centesimal de um alimento consiste na quantificagdo de
determinadas substancias em 100g do produto. As analises realizadas estdo de
acordo com as normas analiticas da Association of Official Analytical Chemists
(AOAC, 2005). Convencionalmente, os grupos homogéneos de substancias

determinadas nessa analise sao:

- Umidade: foi realizada de acordo com o método de secagem em estufa a
105°C, onde a agua é retirada por acao do calor e o teor de umidade € calculado
pela diferenca de peso das amostras no inicio e final do processo, quando atingem

peso constante;

- Cinzas ou residuo mineral fixo: foi obtido de acordo com o método de

incineragdo em mufla, apds a carbonizacédo da matéria organica em bico de bunsen;

- Lipidios, gorduras ou extrato etéreo: foi realizada de acordo com o método

de Soxhlet, utilizando o éter de petréleo como solvente;

- Proteinas: foi realizada de acordo com o método de micro Kjeldhal, que

consiste nas etapas de digestéao,destilacéo e titulacéo;
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- Carboidratos: foi quantificado pelo método do Acido Dinitrosalicilico (DNS)
descrito por Miller (1959).

Podemos analisar assim a complexidade do alimento e o seu valor nutritivo
(CARVALHO et al., 2002)

2.3.2.2 pH

As alteracoes do pH no pescado ocorrem pela acdo das bactérias e
atividade enzimatica que alteram a concentracdo de hidrogénios livres e provocam a
decomposicdo das moléculas (OGAWA; MAIA, 1999). Durante o rigor, o pH é
variavel, geralmente ficando préximo a neutralidade, acelerando a acao das enzimas
musculares e das bactérias. Em seguida a fase de rigor, instala-se a fase de post
rigor onde a actomiosina é degradada por enzimas proteoliticas, como a catepsina.
Neste momento, ocorre a hidrélise proteica, formacédo de peptideos e aminoacidos
livres, que permitem a rapida acdo dos microrganismos enddgenos e exdgenos,
dando origem a substancias nitrogenadas volateis, ocasionando o aumento do pH
(PACHECO et al, 2005).

2.3.2.3 Substancias reativas ao Acido Tiobarbittrico (TBARS)

Os lipidios desempenham um importante papel na qualidade dos alimentos,
particularmente em relacdo as propriedades sensoriais. Conferem também valor
nutritivo aos alimentos, constituindo uma fonte de energia, de acidos graxos
essenciais (4cidos linoleico e linolénico) e de vitaminas lipossoluveis (A, D, E e K). A
oxidacao lipidica € um fenbmeno espontaneo e inevitavel e esta diretamente ligada
ao desenvolvimento do ranco oxidativo. Esta reagdo diminui o valor nutritivo dos

alimentos e pode gerar compostos nocivos (SILVA et al., 1999).

O teste do nimero de substancias reativas ao Acido 2-Tiobarbitirico (TBA) é
baseado na reacdo do acido tiobarbitdrico com os produtos de decomposi¢cdo dos
hidroperoxidos. Um dos principais produtos formados no processo oxidativo € o
malonaldeido (MA), uma molécula de MA reage com duas moléculas de TBA para
formar um complexo de cor rosada e sua leitura é feito por espectrofotdmetro
(OSAWA et al., 2005).
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2.3.2.4 Aminas Biogénicas

As aminas biogénicas sdo compostos orgéanicos nitrogenados, formados
principalmente por descarboxilagdo de aminoacidos e estdo presentes em alimentos
como frutas e verduras, carne, peixe, chocolate e leite (SILVA et al., 2013). Estas
podem acumular-se em concentracbes elevadas e provocar consequéncias
toxicolégicas, sendo assim, a determinacdo da concentracdo das aminas biogénicas
em um determinado alimento é importante devido a sua capacidade de ter um efeito
direto ou indireto no sistema vascular e nervoso nos humanos (INNOCENTE et al.,
2007).

As aminas sdo resistentes aos tratamentos térmicos aplicados no
processamento de alimentos e tém sido consideradas adequadas indicadoras de
frescor e decomposicdo de alimentos, refletindo a qualidade da matéria-prima e as
condi¢des higiénicas durante a producéo (OZOGUL et al., 2002, GLORIA, 2006).

Segundo Bunkova et al.(2010), a presenc¢a das aminas ocorre em alimentos
protéicos ou que contenham aminodacidos livres ou seus precursores, especialmente
em alimentos que fornecam condicBes ideais para atividade bioquimica dos
microrganismos presentes. Ainda segundo o mesmo autor, além da disponibilidade
de precursores (aminoacidos), a producao de aminas biogénicas depende de fatores
extrinsecos e intrinsecos do alimento como temperatura, pH do meio, disponibilidade
de fontes de carbono, entre outros, sendo o tipo de amina produzida, dependente da

presenca de aminodcidos precursores.

As aminas biogénicas mais encontradas no pescado podem ser
classificadas em monoaminas aromaticas (tiramina), aminas heterociclicas
(histamina, triptamina), diaminas alifaticas (putrescina, cadaverina), e poliaminas
alifdticas (agmatina, espermina, espermidina), esta classificacdo é dada devido a
sua estrutura quimica (VIDAL-CAROU et al., 2009). A maioria das aminas foi
nomeada a partir de seus aminoacidos precursores, porém alguns nomes como
cadaverina e putrescina estdo associados a decomposicdo e a putrefacédo, e
espermina e espermidina se relacionam ao fluido seminal, do qual foram isoladas
pela primeira vez (GLORIA, 2006).
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A histamina tem sido associada a diversos surtos de intoxicagdo alimentar,
principalmente pelo consumo de peixes, enquanto a tiramina tem sido associada a
crises hipertensivas (COISSON et al., 2004). Segundo Koutsoumanis et al. (2010)
outras aminas como cadaverina, putrescina e a tiramina, parecem aumentar a
toxicidade de histamina. Além disso, as aminas biogénicas sdo consideradas como
potencialmente carcinogénicas, pois tém a habilidade de reagir com nitratos e formar
nitrosaminas carcinogénicas (KOUTSOUMANIS et al., 2010).

A sensibilidade humana em relacdo as aminas biogénicas varia de acordo
com as atividades de detoxificagdo individual das enzimas envolvidas
especificamente no metabolismo deste compostos, pois estas enzimas sao inibidas
por varios tipos de drogas, como antidepressivos e medicacdo anti- Parkinson
(YOUDIM; WEINSTOCK, 2004).

Dentre as aminas biogénicas, apenas a concentracdo de histamina ja foi
regulamentada no Brasil. O governo norte-americano fixou um limite de 5 mg de
histamina/100g de atum e peixes suscetiveis a formacédo das aminas (RIGUEIRA,
2009), a Unido Européia estabelece limites de histamina em alguns peixes marinhos
utilizando um plano de trés classes que determina que em um lote de nove
amostras, nenhuma pode exceder 200mg/kg de histamina (M); e ndo mais que 2
amostras podem conter mais que 100mg/kg (m) (RAUSCHER-GABERING et
al.,2009). No Brasil, a concentragdo méaxima de histamina permitida no musculo de
espécies pertencentes as familias Scombridae, Scombresocidae, Clupeidae,
Coryphaenidae € de 100ppm (BRASIL, 1997).

2.3.2.4.1 Métodos de deteccéao e quantificacdo das aminas biogénicas

As aminas biogénicas sdo analisadas para controle de qualidade das
matérias-primas, produtos intermediarios e produtos finais, desenvolvimento de
novos produtos, controle de processamento e armazenamento (SILVA et al., 2013).
Diversos métodos séo utilizados para a analise de aminas biogénicas em alimentos,
dentre eles esta a cromatografia em camada fina, cromatografia gasosa, método de
eletroforese capilar e a cromatografia liquida de alta eficiéncia (ONAL, 2007). Todos
0s métodos utilizam pelo menos a etapa de extracdo das aminas e sua quantificacdo
(VINCI; ANTONELLI, 2002).
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A Cromatografia Liquida de Alta Performance (HPLC) é uma técnica
confidvel e de alta sensibilidade para deteccdo e quantificacdo de diferentes aminas
biogénicas (EFSA, 2011). Nos ultimos anos, novas técnicas utilizando o HPLC para
detectar e quantificar as aminas biogénicas vem sendo desenvolvidas e validadas

com frequéncia.

Em estudo recente, Cunha et al.,, (2012) detectaram e quantificaram as
aminas biogénicas cadaverina, espermidina, histamina, putrescina e tiramina em
amostras de queijos utilizando a técnica de cromatografia liquida de alta eficiéncia,
com 0s seguintes parametros: limite de deteccdo, limite de quantificacdo e
recuperacédo. A solucdo de 5% de acido perclérico (HCIO4) 1:1 (v:p) foi utilizada no
processo de extracao e derivatizacdo das aminas com 40 pL de cloreto de benzoila.
Esta nova metodologia mostrou-se eficaz para realizar a detec¢éo e a quantificacao
das aminas biogénicas nos alimentos analisados. Outra metodologia de HPLC foi
validada por Lazaro et al., (2013) para determinar aminas biogénicas em carne de
frango. Os autores utilizaram um sistema de eluicdo isocratica acoplado a um
detector de UV (254 nm) para a identificacdo das aminas, ap0s a realizacdo da
extracdo acida e derivatizacdo também com cloreto de benzoila. Neste estudo,
foram utilizados a seletividade, linearidade, precisdo, recuperacdo, limite de

deteccao e quantificacédo e robustez como parametros de validagao.
2.3.3 Andlises sensoriais

A Associacao Brasileira de Normas Técnicas define a andlise sensorial como
a disciplina cientifica usada para evocar, medir, analisar e interpretar reacdes das
caracteristicas dos alimentos e materiais como sé@o percebidas pelos sentidos da
visdo, olfato, paladar, tato e audicdo (ABNT, 1993).

Segundo ABBAS et al. (2008), a avaliacdo sensorial sempre teve papel
fundamental na analise da qualidade e frescor da industria pesqueira. As diversas
caracteristicas sensoriais, tais como aparéncia, odor, coloracdo sdo ainda muito
importantes nos sistemas de qualidade das industrias processadoras, sendo a
inspecdo sensorial do pescado processado utilizada na indastria para identificar
defeitos ocorridos durante manipulacao e processamento.

No entanto, a analise sensorial tem sido considerada uma metodologia que

apresenta vantagens como baixo custo, rapidez e relacao direta com os padrdes de
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aceitacdo do consumidor, pois exige a participacdo de um namero representativo de
julgadores treinados ou ndo para obtencdo de resultados confiaveis e reprodutiveis
(FURLAN, 2011). Segundo o mesmo autor, a analise sensorial baseia-se na
avaliacdo dos atributos sensoriais considerados significativos, como aparéncia,
textura, aroma, entre outros, por meio de um sistema de classificagdo por pontos de
demérito por atributo. A soma dessas classificagdes quantifica a qualidade sensorial
do produto classificando-o como préprio ou nao para consumo humano (HUSS,
1995). O laboratério de analise sensorial deve conter: cabines individuais, para
aplicac@o dos testes, devem ser limpas, livre de ruidos e odores e apresentar area
com boa iluminacdo (FERREIRA et al., 2000).

2.3.3.1 Teste de aceitacdo e Escala do Ideal

O objetivo da avaliagdo sensorial € detectar diferencas entre os produtos
baseado nas diferencas perceptiveis na intensidade de alguns atributos (FERREIRA
et al.,, 2000). Segundo o mesmo autor, 0 teste de aceitacdo € uma importante
ferramenta, pois utiliza diretamente a opinido do consumidor ja estabelecido ou
potencial de um produto, sobre caracteristicas especificas do produto ou ideias
sobre o mesmo. As principais aplicacdes dos testes de aceitacdo sdo a manutencao
da qualidade do produto, otimizacédo de produtos e/ou processos e desenvolvimento
de novos produtos (BERGARA-ALMEIDA; SILVA, 2002).

A escala hedénica é usada para medir o nivel de preferéncia de produtos
alimenticios por uma populacédo, relata os estados agradaveis e desagradaveis no
organismo, mede o gostar ou desgostar de um alimento. A avaliacdo da escala
hedbnica é convertida em escores numéricos e analisados estatisticamente para
determinar a diferenca no grau de preferéncia entre amostras (LAND e SHEPHERD,
1988; ABNT, 1998).

Os provadores expressam a sua aceitacdo seguindo uma escala
previamente estabelecida, que varia desde “gostar” até “desgostar” (CHAVES;
SPROESSER, 2002). A escala hedonica estruturada em 9 pontos normalmente é
utilizada para a realizacdo do teste de aceitacdo (9 = gostei extremamente; 1 =
desgostei extremamente) (STONE; SIDEL, 1993). Os testes de aceitacéo
necessitam de um grande numero de provadores nédo treinados (acima de 30) que
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representem a populagdo de consumidores atuais ou potenciais do produto
(CHAVES; SPROESSER, 2002).

2.3.3.2 Just-About-Right (JAR)

Com a intermitente busca das industrias de alimentos por produtos ideais,
sob o ponto de vista da analise sensorial, diferentes ferramentas podem ser
utilizadas, através de um painel de consumidores, entre elas esta a classificacao de
atributo ideal a partir da metodologia “Just-About-Right (JAR)” (CHAN et al., 2013).

A escala JAR é bipolar, com ambas as extremidades ancoradas pela
descricdo sensorial opostas e no meio ancorada como "praticamente certa", com a
frase "just-about-right" que denota o mais aceitavel (GACULA JR et al, 2007). No
entanto, McBride (1985) argumentaram o oposto, isto é, JAR que pode ser
interpretado como um ponto de referéncia para a intensidade em vez de aceitagéo.

O JAR é uma medida direta da percepc¢ao da intensidade dos atributos, mas
esta analise ndo as quantifica diretamente. JAR é geralmente expressa como O
percentual de entrevistados que consideram o nivel de atributo como muito alto,
muito baixo, e just-about-right. Embora existam muitas variacbes de escalas JAR,
geralmente tais escalas consistem em cinco ou sete pontos (MEULLENET et al.,
2007). A escala mais comumente utilizada nos testes sensoriais € a escala de 5
pontos na qual para cada atributo utliza-se 0s seguintes parametros:
demasiadamente pouco, pouco, ideal, muito, demasiadamente muito. Em alguns
estudos, utilizou-se apenas as escalas "pouco”, "ideal" e "muito" para aperfeicoar um
atributo (CHAN et al., 2013). Além disso, os desvios do “Just About Right” podem ser
relacionados com a aceitagdo global através da analise de penalidade (CAVITT et
al., 2005), sendo os resultados expressos como percentagem de julgadores que
consideraram os niveis dos atributos como ideal, abaixo ou acima do ideal
(CHAMBERS; BAKER, 1996).
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3 DESENVOLVIMENTO

3.1 Artigo 1: USE OF TRANSGLUTAMINASE, SOYBEAN WASTE AND SALT
REPLACEMENT IN THE ELABORATION OF TROUT (Oncorhynchus mykiss)
MEATBALL. Accepted to International Food Research Journal
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Figura 1. Desenho experimental delineado para desenvolvimento do artigo 1.
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Abstract

The development of new products based on fish with non-commercial size is an alternative to
add value, conquer new consumer markets and consequently, increase this matrix
consumption. The objective of this study was to assess the physicochemical and sensory
parameters of meatballs prepared with non-commercial size Rainbow Trout fillets, waste
added of transglutaminase, soy protein and 25% replacing salt. The transglutaminase can be
used to modify the functional properties of food protein, in addition to gelation capability,
thermal stability and water-holding capacity and soy protein presents several technological
properties that are very importante in characterization in the production of texturized food.
The salt replacement has been studied because of consumers search for healthy products
and an alternative strategy, such as sodium chloride replacement by potassium chloride
have been implemented because the potassium chloride has similar properties to sodium
chloride and can be used as a substitute without losing functionality. The transglutaminase
and soy protein associated to transglutaminase improved the meatball texture; however the
soy protein provided bitter taste and less juiciness. A reduction in sodium content can be
achieved without impairing the product physicochemical and sensorial quality replacing

sodium chloride by potassium chloride.
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Introduction

Fish is the food matrix of animal origin with the highest production and
industrialization worldwide. However in Brazil, due to cultural aspects and lack of government
incentives to boost seafood industries and consumption, percapita consumption is low (9
kg/per capita/year), thus justifying the constant search for new products aimed at
diversification and the conquest of new markets to increase this matrix consumption in the
country (Bery et al., 2012; MPA, 2012; FAO, 2012).

To obtain diversified, healthy, inexpensive and sustainable seafood products, waste
solids from fish industrialization must be exploited. These wastes have a high nutritional
value, because they are rich in protein and omega-3 fatty acids, and can be used to prepare

foodstuffs for human consumption (Feltes et al., 2010).

The preparation of restructured products is an alternative method to increase the
profit of cuts with low commercial value (Castro-Briones et al., 2009). In the same way, some
ingredients and additives such as binders (soy protein), enzymes and sodium chloride could
be used in order to improve the technological and sensory properties (Lopez-Lopez et al.,
2010).

Soy protein presents several technological properties such as emulsification, fat and
water absorption and texture improvement, important characteristics in the production of
texturized food (Wang et al.,, 2010, Guerrero & La Caba, 2010, Schmiele et al., 2013). In
addition, soy protein is considered a functional food capable of acting as modulator of
metabolic processes and in the prevention of the onset of degenerative diseases (Boye et
al., 2010, Granato et al., 2010).

The transglutaminase enzyme (MTG) is frequently used in the food industry in the
preparation of restructured products. This enzyme promotes intra and intermolecular bonds

between proteins (Huang et al., 2010), improving product texture and taste, making them
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well accepted by the consumer and increasing its commercial value (Feltes et al., 2010,
Ferreira et al., 2012). The ability of transglutaminase to modify the functional properties of
protein foods has been one of the most innovative uses of enzymes in food technology from
the past decade (Lorenzen, 2007).

Another aspect that currently increases the marketing value of food products is the
reduction of sodium chloride, widely used in meat products, because of several
technological and sensorial properties important to industrialized products such as
preservation action and increasing water retention capacity of proteins thus improving
texture and consequently sensory attributes (Doyle & Glass, 2010; Taormina, 2010).
Although this ingredient is directly related to high blood pressure, there is a strong
resistance of the food industries to reduce sodium content in meat products, because this
reduction causes sensory changes (Alifio et al., 2010; Guallar-Castillén et al., 2013). Thus,
alternative strategies, such as sodium chloride replacement by potassium chloride have
been implemented. Potassium chloride has similar properties to sodium chloride and can be
used as a substitute without losing functionality (Nascimento et al.,, 2007), but this
replacement must be carefully made because potassium chloride tastes bitter (Alifio et al.,
2010).

The development of a new product based on non-commercial size fish using
transglutaminase as binder (Moreno et al., 2009), adding soy protein due to its functional and
technological effects (Boye et al.,2010) and reducing sodium (Cardoso et al., 2010) may be
an alternative in the seafood industry. In this context, the objective of this work is to assess
the influence of adding soy protein and transglutaminase and partially replacing sodium
chloride by potassium chloride in the physicochemical and sensory characteristics of rainbow

trout meatballs prepared from non-commercial size fillets

Materials and methods

Raw material

The trouts used did not reach an adequate commercial weight and thus they were
treated as waste and used to prepare the restructured food. The weight of fillets acquired

was approximately 80 grams each and the commercial weight of rainbow trout is 150 grams
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(Macedo-Viegas et al.,, 2002), so these fillets that did not achieve ideal weight would be
discardedThe rainbow trouts (Oncorhynchus mykiss) were captured in tanks, and after
removing the head were eviscerated, manually sliced and frozen. Meat samples were ground
in a meat grinder using a plate with 3 mm diameter holes.

Five different restructured trout formulations, with different levels of soy protein and
MTG besides partial replacement of sodium chloride by potassium chloride, were prepared
as a follow: T1 — starch addition (control); T2 — MTG addition (1%); T3 — soy protein addition
(4%); T4 - soy protein addition (4%) and MTG addition (1%); T5 - soy protein addition (4%),
MTG addition (1%) and partial replacement of salt (75% NaCl/ 25% KCI). Starch was used
when soy protein and MTG were not used. Dehydrated seasonings were added to the raw
material in technically important sequence and mixed to form a homogenous mass. The

seasoning percent was the same for all the treatments and is shown in Table 1

The fish meatballs were manually shaped, weighing approximately 30 g each,
packed in expanded polystyrene trays and stored approximately at -25°C.

Centesimal composition

The centesimal composition was determined according to the analytical norms of
the Association of Official Analytical Chemists (AOAC, 2005). Aliquots were removed to
determine the following parameters: moisture, calculated by the water loss when the sample
is dried to constant weight (oven at 105°C); ether extract, using a sohxlet extractor and
petroleum ether as solvent; crude protein, determining total nitrogen by Kjeldahl digestion
process, and fixed mineral residue by complete incineration of organic compounds (muffle
furnace at 550°C).Carbohydrates were quantified by the Dinitrosalicylic Acid Method (DNS)
described by Miller (1959).

Sensory Evaluation

Acceptance test and scale of ideal
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The sensory evaluation comprised an acceptance test using the hedonic scale
structured in 9 points having as end-anchors “1 — dislike extremely and 9 = like extremely”
(taste, smell, texture, bitter, overall impression) as described by Lee (2011). The test was
performed with 100 adult non-trained panelists, aged from 20 to 66 years (being 57 female
and 43 male). Each panelist received, at the beginning of the test, an evaluation sheet
containing a 9 point hedonic scale (9 = like extremely; 5 = neither like nor dislike; 1 = dislike
extremely). In addition to the acceptance test, attributes such as juiciness, firmness, salty
taste, seasoning intensity and bitter taste intensity were measured using an hedonic scale
where 1 = extremely less juicy, firm, salty, seasoned or bitter; 5 — ideal; 9 = extremely more

juicy, firm, salty, seasoned or bitter, according to Cadot et al.(2010).

Just About Right

Using the results of the hedonic scale of ideal, the Just- About-Right (JAR) was
performed. This methodology directly approaches the measure of the deviation from ideal
levels of a specific attribute, using scales where the end anchors are “extremely weak” and
“extremely strong” and a center point which is the ideal (Chambers et al., 1996). The JAR is
usually expressed through the percent of panelists that consider the level of the attribute as
too much, too little or just-about-right (JAR). Together with JAR a penalty analysis was

conducted through the deviations from ideal (Cavitt et al., 2005).

The tests were performed in closed cabin and white lighting, with the samples
placed under the counter and labeled with three random numbers each. A Variance Analysis
and Tukey’s multiple comparison test (p<0.05) were applied to the results using XLSTAT
2012.6.08 version software (Addinsoft, Paris, Franca).

Results and discussion

Centesimal composition
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Moisture values varied from 69.24 to 73.60%, protein from 18.6 to 20.8%, lipids from
2.45 to 3.05%, carbohydrates from 1.25 to 4.92 and ashes from 2.1to 3.1%. These results
are shown in Table 2.

The highest moisture content was observed in the sample with addition of MTG.
This result may be related to the transglutaminase ability in promoting protein cross-linking

conferring properties such as thermal stability and water retention (Huang et al., 2010).

The results showed that T1 (starch addition) presented the smallest amount of
protein among all the treatments, followed by T2 (MTG addition). This is justified by the
absence of texturized soy protein in those formulations. Treatments T3, T4 and T5, with soy
protein addition, presented a significant increase of protein values when compared with the
control (T1) that had starch added. However, moisture increased only in T2 (MTG addition)
and T4 (MTG and soy protein addition) when compared to the control. Although soy protein
and transglutaminase were added to T5, it did not present significant moisture increase,
probably because of partial replacement of sodium chloride, thus reducing the water
retention capacity. There was no significant difference (p>0.05) in relation to ash, lipids and
carbohydrates among treatments

Acceptance test

The results of the sensory attributes and the acceptance of the 5 treatments of
Rainbow Trout meatballs are shown in Table 3. Treatment T1 presented the best acceptance
in relation to all the attributes. This result can be explained because starch has texturing,
thickening, stabilizing, and water and fat linking characteristics that are well accepted by the

consumers (Pedroso & Demiate, 2008).

There was no significant difference of the attributes appearance, smell, taste and
overall impression. Regarding the texture attribute, T1 presented a significant difference
(p<0.05) from T5, showing that texture improvement is more efficient with starch than with
soy protein and transglutaminase. There was no significant difference between treatments
T2, T3 and T4 when compared to T5, thus proving that partial replacement of sodium
chloride by potassium chloride did not alter the texture in those treatments. Different results
have been reported on the effects of sodium chloride on the texture of meat products. Gou et
al. (1996), found no significant difference in the attribute texture of fermented sausages with
partial replacement of sodium chloride by potassium chloride, Armenteros et al. (2012) also

found no significant difference when 50% sodium chloride was replaced by potassium
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chloride in cured and salted hams, similar results to those obtained in the present study. On
the other hand, Matulis et al. (1995) observed in that same product a softer texture when
sodium chloride was reduced from 2.5% to 1.5%, as well as Costa- Corredor et al. (2009),
who verified that cured hams prepared with NaCl reduction were more tender. According to
Matulis et al. (1995) the differences reported in literature may be caused by pH, animal

species or heat treatment, factors that influence the properties of meat products.

In general, all treatments presented good acceptance of the assessed attributes,
with appearance obtaining the highest values and texture the lowest.

Just- About- Right

In the Just- About- Right (JAR) test, all the treatments were assessed as less juicy
than ideal, but only T3 presented a significant difference in relation to JAR. Regarding
firmness only T4 was assessed as significantly firmer (p<0.05) than ideal. Saltiness was
higher in T2 and T4 with T2 significantly (p<0.05) higher than JAR. The attributes seasoning
and bitter taste although with statistically different values in T2, T3 and T5, were JAR when

compared to the ideal.

Statistical Analysis

In JAR methodology, overall impression is considered to allow relating the
deviations from ideal through penalty analysis (Xiong & Meullenet, 2006; Ares et al., 2009,
Plaehn, 2013).

Penalty Test

Penalty analysis was conducted comparing the general rankings of the attributes
given by the tasters that assessed the product and characterized how much the product
acceptance was influenced by a particular attribute being different from ideal (Plaehn, 2013).

By analyzing the deviations from ideal JAR of each attribute can be related through penalty



32

test (Cavitt et al., 2005). This is accomplished by analyzing sensor data to identify attributes

that are not ideal and influence on product quality (Caddot et al., 2010).

The attribute juiciness was penalized in T3, which received the smallest score as a
function of soy protein addition. The result obtained in the present study is in agreement with
the result found by Hautrive et al. (2008), who reported that ostrich hamburger prepared with
soy protein can have different sensory quality because water loss during cooking can impair
the tenderness and juiciness of meat.

The attribute firmness was penalized in treatments T2 and T4, by 42% and 51%
consumers respectively. The consumers observed greater firmness than JAR when
transglutaminase and transglutaminase associated to soy protein were added. Similar results
were described by Nonaka et al. (1996), who observed that the addition of transglutaminase
and soy protein, besides maintaining soft texture, increased the gel strength in restructured
meat products, seafood and fish balls as described by Soeda (2003) who concluded that the
gel strength of soy protein was higher when MTG was added. The firmness attribute was not
penalized in T5, where there was salt partial replacement. A similar result was observed by
Choi et al. (1987), who concluded that there was no statistical difference in compression test
when comparing Frankfurt type sausages replacing 1.5 and 3.0% NaCl, and by Armenteros
et al. (2009), who studied salted smoked loins with 50% replacement of NaCl by KCI, and did

not observe a significant difference in any attribute of sensory analysis.

Regarding the bitter taste attribute, T3, T4 and T5 were penalized. These treatments
had soy protein added, and the perception of bitter taste is more accentuated. The same
was described by Piazzon-Gomes et al. (2010) when they compared Minas frescal cheese
with Minas frescal cheese added of water soluble soybean extract powder (PS- 60). These
authors observed that the bitter taste was more intense in the Minas frescal cheese with PS-
60 than in the traditional Minas frescal cheese. The soybean bitter taste is attributed to
saponins and isoflavons (LIU, 1997). This penalty may have influenced the perception of
seasoning by the panelists, because this attribute was also penalized in the above

mentioned treatments.

The salty attribute was only penalized in T5, where there was partial replacement of
sodium chloride. A similar result was described by Nascimento et al. (2007) where the
replacement of NaCl by KCI (75/25%), although near the ideal, proved to impact the
perception of salty taste. On the other hand, different results were described by Durack et al.
(2008) who showed that using KCI to replace sodium chloride promotes a less bitter and

salty taste in food products.
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Conclusion

We can conclude that starch had a desirable effect on sensory attributes; MTG and
MTG associated with soy protein positively altered the texture. Partial replacement of sodium
chloride by potassium chloride proved to be a feasible alternative in the preparation of

restructured products based on non-commercial size trout fillets.
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Table 1: Base formulation of the meatballs trout

Ingredients T1 T2 T3 T4 T5
Fillets 91,5 94,5 91,5 90,5 90,5
Sugar 0,2 0,2 0,2 0,2 0,2
Ascorbic acid 0,2 0,2 0,2 0,2 0,2
Salt 1,5 1,5 15 1,5 1,125
Garlic 1,0 1,0 1,0 1,0 1,0
Soy Protein 4,0 4,0 4,0
Onion 1,0 1,0 1,0 1,0 1,0
Transglutaminase 1,0 1,0 1,0
Chive 0,6 0,6 0,6 0,6 0,6
Starch 4,0
Potassium chloride 0,375

*Refers to the ingredients in 100 g of the final product

37

**T1 starch addition, T2 MTG addition, T3 soy protein addition, T4 soy protein and MTG addition and T5 soy
protein addition, MTG addition and partial replacement of salt.
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Table 2: Results of physicochemical analysis of meatballs trout

Treatments/
T1 T2 T3 T4 T5

Analyzes

Moisture 71,23% 73,60° 70,222 69,24° 71,532
Protein 18,60% 19,50° 20,60° 20,80° 20,60°
Lipid 2,452 2,65 2,50% 3,052 2,45°
Carboydrate 4,922 1,25° 3,782 3.81% 3.32°
Ashes 2,80% 3,00? 2,90% 3,10% 2,102

*T1 starch addition, T2 MTG addition, T3 soy protein addition, T4 soy protein and MTG addition and T5 soy
protein addition, MTG addition and partial replacement of salt.

**Different letters in the same line indicate significant differences (P < 0.05).



Table 3: Sensory attributes and meatballs acceptance.
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Treatments/
T1 T2 T3 T4 T5
Analyses
Appearance 7,24% 7,222 7,12° 7,07% 7,042
Aroma 7,132 7,042 6,99% 6,91% 6,892
Flavor 6,86% 6,58° 6,55% 6,46% 6,352
Texture 6,81° 6,58 6,43% 6,35% 6,14"
Global 6,97° 6,80° 6,70° 6,65° 6,592
Impression

*T1 starch addition, T2 MTG addition, T3 soy protein addition, T4 soy protein and MTG addition and T5 soy
protein addition, MTG addition and partial replacement of salt.

** Different letters in the same line indicate significant differences (P < 0.05).
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3.2 Artigo 2: QUALITY OF SEMI- PREPARED PRODUCTS FROM RAINBOW
TROUT WASTE (Onchorynchus mykiss) BY USING DIFFERENT TECHNOLOGICAL
STRATEGICS. Published in Food and Nutrition Science, v. 5, n. 6, p.571-580, 2014.
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Figura 2. Desenho experimental delineado para desenvolvimento do artigo 2.



41

Quality of semi-prepared products from rainbow trout waste (Onchorynchus mykiss) by
using different technological strategics

Karoline Ribeiro Palmeira®, Eliane Teixeira Marsico?, Lais Doro?, Mésar Lemos?, Claudia
Emilia Teixeira®, Vania Margaret Flosi Paschoalin®, Maria Llcia Guerra Monteiro®, Carlos

Adam Conte Janior?.

& Department of Food Technology, University Federal Fluminense, Vital Brazil Filho
64, Zip code 24230-340 Niterdi, Rio de Janeiro, Brazil
® Department of Biochemistry, Chemistry Institute, Federal University of Rio de

Janeiro, Rio de Janeiro, Brazil
Authors

Karoline Ribeiro Palmeira (corresponding author) — k.palmeira@globo.com/telephone:
552126299545

Ph. D. Eliane Teixeira Mérsico (co-author) — elianee@vm.uff.br/telephone: 552126299545
Lais Doro (co-author) — lah.doro@gmail.com /telephone: 552126299545
Dr. Mdsar Lemos (co-author) — lemosmosar@hotmail.com / telephone: 552126299545

Dr. Claudia Emilia Teixeira (co-author) — c.emilia@ibest.com.br / telephone: 552126299545

Ph.D. Vania Margaret Flosi Paschoalin (co-author) - paschv@iq.ufrj.br /telephone:
552125627362

Dr. Maria Lucia Guerra Monteiro (co-author) - marialuciaguerra@yahoo.com.br/telephone:
552126299545

Ph. D. Carlos Adam Conte Janior (advisor) — mtaconte@vm.uff.or / telephone:
552126299545



42

Abstract
The consumption of freshwater fish and fish products has gradually grown worldwide over
the last decades, generating a proportional waste increase. The objective of the present study
was to assess the chemical and bacteriological quality of restructured fish product, meatball-
type, prepared with rainbow trout (Onchorynchus mykiss) waste added of 1%
transglutaminase (MTG), 4% textured soy protein (TSP) and replacing part of the sodium
chloride with potassium chloride (75%/25%) as described below: T1 — starch addition
(control); T2 — MTG addition (1%); T3 — soy protein addition (4%); T4 - soy protein
addition (4%) and MTG addition (1%); T5 - soy protein addition (4%), MTG addition (1%)
and partial replacement of salt (75% NaCl/ 25% KCI). Total aerobic mesophilic bacteria
(TAMB), 2-thiobarbituric acid reactive substances (TBARS), pH determination and
quantification of biogenic amines were performed on the day after manufacturing (P0) and
after 60 days of storage (P1) at -25+2°C. The results showed that there was no significant
difference (p<0.05) of microbiological quality, TBARS and pH after storage. T4 presented
the lowest total biogenic amine content (256.84 mg/kg) where as T3 and T5 had the highest
value (791.36 and 707.19 mg/kg, respectively) in this parameter. Putrescine was the biogenic
amine that presented the highest concentration (504.00 mg/kg) in T3 and cadaverine the one
that presented the smallest concentration (0.36 mg/kg) in T4. The use of technological
strategies for developing new products with non-commercial fillets kept most standards,

having changes only in some biogenic amines.

Keywords: Oncorhynchus mykiss, soy protein, microbial transglutaminase, salt

replacer, biogenic amine.

1 Introduction

Freshwater fishes, such as rainbow trout are among the foods considered of high
nutritional value, excellent source of proteins with high nutritional value and digestibility
around 90%, besides calcium, unsaturated fatty acids (healthier) and vitamin B complex [1].
The average annual production of trout increased 18% in the last 10 years [2]. This growth
was possible due to the increase in production scale and industrialization initiatives that
favored trout marketing by large supermarket chains reaching markets in several metropolitan

regions [3].
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The fish industry, aiming at minimizing economic losses and environmental impact,
has taken advantage of the less noble parts of certain food matrices to elaborate new products
with added value [4]. The high production costs foster the study and the development of new
technologies having in mind the use of all the animal parts to minimize waste and economic
losses, and thus maximizing the companies’ profit. This process includes the implementation
of meat restructuring method on trimmings and low commercial value cuts to improve the
appearance and texture of the new product, increasing its marketing value [5-6].

Restructuring processes are technologically very important because the products
obtained have high commercial value, low production cost, are easy to use and marketing
convenient. The use of transglutaminase (MTG) in the industrial preparation of these
products has been widely studied, because its binding action does not depend on the use of
sodium chloride or phosphates, generating healthier products because of lower levels of
sodium salts [7]. Soy protein is an excellent source of essential amino acids, and has high
digestibility, in addition some studies show that its consumption, is related to the reduction of
non-infectious chronic diseases such as cardiovascular diseases, some types of cancer and
osteoporosis [8]. However, due to high manipulation during the preparation of this product,
the raw restructured must be kept frozen [9-10]. Although scholars are conducting research
focusing on the development of new products, there is no work reported in the literature that
addresses the addition of MTG and soy protein associated with partial replacement of sodium
chloride in fish products.

Numerous bacteriological and physicochemical methods have been developed for
quality assessment of fish and fish products, but the most used are TBAR, TVB, TMA,
hypoxanthine, and pH determinations and microbiologic analysis [11], as well as the
quantification of biogenic amines which, besides being of fundamental importance for
human health, are taken into consideration as quality assessment criteria [12].

The objective of the present study was to evaluate the storage effect on the
bacteriological and chemical quality of meatballs prepared with Rainbow Trout
(Oncorhynchus mykiss) waste according to 5 different treatments using transglutaminase
(MTG), textured soy protein and partial replacement of sodium chloride by potassium

chloride and stored frozen at -25+2°C for 60 days.

2. 2 Materials and methods

2.1 Preparation of Rainbow Trout Meatballs
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The rainbow trouts (Oncorhynchus mykiss) were captured in tanks, and after
removing the head were eviscerated and frozen. The restructured product was prepared with
fillets of non-commercial size trouts which are treated as waste and were acquired at Morita
Trout Farm, MG, Brazil. The base formulation was fillets, sugar, salt, garlic, onion, parsley
and ascorbic acid. Five different treatments were made, with different contents of starch, soy
protein and MTG, besides the partial replacement of sodium chloride by potassium chloride
(Table 1). Starch was used when soy protein and MTG were not used. The frozen raw
material was minced in a meat grinder using 3.0 mm disk and the ingredients and
(dehydrated) seasonings were added in a technically important sequence (salt or NaCI/KCI
mixture, starch or TSP and/or MTG, seasonings, sugar and finally ascorbic acid) and mixed
until forming a homogenous mass (Table 1). The fish meatballs were manually shaped,
weighing approximately 30 g each, packed in expanded polystyrene trays and stored at
approximately -25+2°C. The bacteriological and chemical quality assessments were
performed in duplicate on the 1% and 60™ days of storage. Samples were randomly collected

from each treatment from the frozen meatballs, stored at -25+2°C.

2.2 Bacteriological analysis

Media for the count of total aerobic mesophilic bacteria (TAMB) was Plate Count
Agar (PCA) and the plates were inverted to incubation at 35+1°C during 48 hours [13].

2.3. Chemical quality

The thiobarbituric acid reactive substances (TBARS) were determined by distilling
the mixture of HCI and the sample added with distilled water, TBA was added to 25 mL of
distilled and after immersion in a water bath and subsequent cooling, the reading was
performed by the spectrophotometry (538 nm) described by [14] and adapted by [15]. The pH
was determined in homogenized mixtures of meatballs and distilled water (1:10) [16], using a
digital potentiometer (DIGIMED DM 22). Biogenic amines were quantified by High
Performance Liquid Chromatography (HPLC) according to method described by [17]. The
biogenic amines identified and quantified were: tyramine, putrescine, cadaverine, spermidine,

histamine and spermine.
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2.4. Statistical analysis

One-way ANOVA followed by the Tukey Test was performed to compare average of
each parameter evaluated for each treatment between days of storage. Data were analyzed
using GraphPad Prism 5 program® (GraphPad Software, San Diego, California, USA) at a

95% confidence level.
3.0 Results and discussion
3.1 Bacteriological results

There are no limits of TAMB in fish indicated by the brazilian legislation. However,
the International Commission on Microbiological Specifications for Foods [18] recommends
that the number of viable mesophilic bacteria does not exceed 10° CFU/g, because this count
is considered critical in relation to the degree of product freshness. All the treatments
presented counts below this limit and showed significant difference only in T1 after 60 days
of storage, indicating that the meatballs were prepared under adequate sanitary conditions and
that the storage maintained a controlled bacterial count. In the present study, all the values
found in all the treatments were below 10° CFU/g, as shown in table 2. In agreement with our
findings [19] reported counts values ranging beteween in a period of 60 days storage at — 18°
in Rainbow Trout Kebab. [20] observed values below 10° CFU/g in fish burgers prepared
with mechanically deboned meat (MDM) of Nile tilapia by using several binders and stored
frozen. Through the bacteriological results, this study suggests the feasibility of using the

rainbow trout in the preparation of meatballs
3.2 Chemical quality results

Table 3 summarizes the pH results of the 5 treatments which varied between 6.0 and
6.19 during the 60-day storage, but no significant difference (p<0.05) was observed.

According to our results, [21], observed a pH value of 6.55 in fish burger prepared
with croaker waste. [22] studied Caranhas fish burger and found a mean pH value of 6.5 in
fish burgers prepared with different salt contents. pH variation is related to storage conditions

and the procedures to which the fish is submitted immediately after its capture, thus, this
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isolated value is not an exact criterion of meat freshness or quality, but must be interpreted in
conjunction with other parameters [23-24].

An increase in the pH value in food matrices may suggest loss of quality, indicating
accumulation of basic metabolites such as ammonia and some organic bases produced by
microbial and endogenous enzyme actions [24-25]. [26] mentions the use of cold as a food
preservation method, because it slows the action of spoilage agents and decreases the
chemical reactions. According to [27], the pH value for fresh fish meat is 6.0-6.5, which can
increase during storage because of accumulation of metabolites such as amines, indicating a
spoilage process.

All the treatments showed TBARS values (mg MDA/Kg) below the limits indicated
in literature as sensory perceptible (between 5 and 8 mg MDA/Kg) [ 28]. The values found in
the first day and after 60-day storage, independent of treatment, suggest that the combination
of the antioxidant (ascorbic acid) action and storage at -25+2°C contributed to minimize the
oxidation of the product. Another relevant factor is the average lipid content of this species of
4.95% described by [29], which classifies this species, according to [30] as lean fish (<5%),
with consequent low percent degradation of the lipid molecule. According to [31] freezing
drastically reduces the lipid oxidation process, because it reduces the rate of enzyme activity.
This fact was also pointed out by [32] on their study on hamburgers prepared with
mechanically deboned meat (MDM), stored raw and frozen (-20°C). Besides, these authors
noted that the treatment with ascorbic acid reduced the lipid oxidation rate.

The limits acknowledged by the scientific literature for TBARS were used, observing
that values above 1-2 mg of malondialdehyde/kg fish are associated to rancid taste and smell
[31]. Moreover, [32] report that TBARS values above 1.59 of malondialdehyde/kg sample can
cause harm to consumer’s health, since malonic dialdehyde and other products of lipid
oxidation have been related to the onset of cancer and therefore have called the attention of
the scientific community. On the other hand, [33] stated that a product with values below 3.0
of malondialdehyde/kg should be considered in good condition.

No difference (p<0.05) was observed among TBARS values (mg MDA/kg) during
storage, except for T1 (control) which showed higher TBARS on the 60" day in comparasion
to first day of storage. This fact may be attributed to presence of substances such as ketones,
amino acids, oxidized proteins, carbohydrates, pyridines, esters, sugars. These compounds as
well as malonaldehyde, can react with thiobarbituric acid (TBA) directly influencing the
TBARS result, allowing to suggest that the TBARS significant increase only in the control

samples, may have been caused by the presence of starch and not necessarily by degradation



47

of the lipid fraction [34]. Nevertheless, although has been observed an increase of TBARS in
T1 the values of the analyzed samples were within the limits indicated in literature.

Figure 1 shows the values of biogenic mines obtained by HPLC. The tyramine
concentration found in the different treatments was not considered high in PO, with the lowest
value in T5 (3.47 mg/kg) and the highest value in T1 (14.32 mg/kg). At the end of the 60-day
storage (P1) tyramine concentration significantly (p<0.05) increased only in T1 and T2, where
T2 reached the highest value (363.41 mg/kg). Tyramine is an important amine from the
toxicological point of view because the detoxification mechanisms in humans may not be
sufficient in case of high intake by allergic persons or patients that make use of drugs such as
antidepressants and Parkinson disease symptom controllers [35]. The toxicity of tyramine and
histamine are associated with the presence of alcohol and acetaldehyde, which can increase
their toxic potential because they help to promote the transport of the biogenic amines to the
intestinal wall [36]. According to [37] the toxic concentration of tyramine in healthy humans
Is 125 mg/kg, while in immunocompromised persons this value falls to 6 mg/Kg. Studies
showed that in addition to its toxicity, tyramine promotes the adherence of pathogens such as
Escherichia coli 0157:h7 on the gastric mucosa [38].

Histamine is considered the most important amine in fish [39] and the most toxic of
the amines detected in food [40], but its toxic effects depend on concentration, the presence of
other amines and the susceptibility of the individual, besides its health condition [41]. In the
present study, the meatballs in treatments T1, T3 and T5 presented histamine levels of 106.15,
121.74 and 293.45 mg/kg, respectively, exceeding the maximum limit of 50 mg/kg
established by the [42]. However, the samples of treatments T2 (23.24 mg/kg) and T4 (14.38
mg/kg) presented levels below the recommended limit and only the meatballs in treatment T5
exceeded the histamine limit established by the European Community [43]. Besides, T5 was
the only treatment that presented a significant histamine content increase (p<0.05) after 60
days of storage (P1) when compared to the contents in PO. There are no official limits for
other biogenic amines, but the concentration of amines such as tyramine should be observed
when associated with histamine, putrescine and cadaverine to evaluate the overall presence of
biogenic amines in the food matrices the intake of which can lead to alterations of the
organism [36].

Although the count of heterotrophic aerobic mesophilic bacteria have been constant
during the study may have occurred decreased counts of specific bacterial groups and the
development of other genres. Accordingly, bacteria that produce decarboxylases enzymes

may have been favored by selective pressure, including lactic acid bacteria Tetragenococcus
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muriatics [44-45-46] and Citrobacter spp beyond that was isolated in Rainbow Trout [47] and
fish derivatives frozen[48-49]. Although there is no increase in the total bacterial load, the
predominant bacterial groups of positive decarboxylase could explain the increase of
histamine and tyramine during the storage.

Putrescine presented high values independent from treatment, with T5 showing the
highest concentration (263, 27 mg/kg). When the samples were analyzed in P1, only T3
presented a significant increase (p<0.05). Arginine and proline are amino acids precursors of
putrescine and are present in concentrations of 8 and 5.3% respectively in soy protein, a fact
that can be associated with the significant increase of this biogenic amine in treatments with
added soy protein [50].

On the other hand, cadaverine was the biogenic amine which kept the smallest levels
both in PO and P1. Cadaverine is mostly produced by spoilage bacteria that grow at high
temperatures [51]. No significant difference was observed in any treatment after 60-day
storage at -25+2°C as well as on the mesophilic bacterial load was observed when PO and P1
were compared (Figure 1). This behavior partially explains the absence of alteration of
cadaverine levels. Despite the low levels found in the present study, cadaverine and
putrescine are associated to the increase of histamine intestinal absorption, enhancing the
toxicity of this amine, in addition to increasing the action of tyramine [52-53]. These amines
can also act as nitrosamine precursors originating carcinogenic compounds [26].

Spermine was found in low concentrations in all the treatments. The levels of this
amine presented reduction in all treatments. The behavior of spermidine was similar, with its
highest value in T5 (141.69 mg/kg) in PO and presenting significant reduction after the 60-day
storage period (P1). According to [54], due to their endogenous origin, the limits of spermine
and spermidine tend to decrease or remain the same, during storage, and for this reason these
amines are generally not associated with health hazardous effects when evaluated separately
[55], and are usually associated to allergic processes [3].

According to [41] the presence of biogenic amines in food is doubly important, first
because the intake of products with high concentration of biogenic amines may cause
significant toxicological and physiological effects to human health and second, because they
may be used as quality indicators in certain foods. These authors also mention that the food
industry is interested in reducing their levels in fish, because in addition to being linked to
health and quality standards, they cause consumer rejection. They also state that biogenic
amines can be used as quality control indices, because they vary during food preparation and



49

storage, starting with low concentrations in the fresh product and increasing during storage
associated to bacterial growth.

When the biogenic amine overall concentration was analyzed it was observed that
the T3 samples after 60 days of storage and T5, independent of the storage time, presented the
highest values. Soy protein addition in those treatments (T3 and T5) seems to have influenced
the presence of these amines. According to [56], the amines present in higher concentration
in soybeans are putrescine, cadaverine, agmatine, spermine and spermidine, because arginine,
lysine, proline and tyrosine amino acids which are the precursors of the above mentioned
biogenic amines are present in the composition of the soy protein.

In addition, in T5 there was replacement of 25% sodium chloride by potassium
chloride. According to [57] some ingredients and additives have been used to increase the
technological properties and / or sensory attributes during production or in the final product,
however in some cases they can also act as inhibitors of bacterial growth, which is one of the
conditions to form biogenic amines. The author also mentions that ingredients such as salt
(NaCl) reduce the bacterial growth that interferes in the endogenous and exogenous
proteolytic enzyme activity, inhibiting the formation of free amino acids and consequently
reducing the formation of biogenic amines. In this manner, it seems that the replacement of
25% sodium chloride by potassium chloride may have influenced the overall amine values in
T5.

Conclusions

The addition of transglutaminase (MTG), textured soy protein (TSP) and partial
replacement of sodium chloride by potassium chloride in the product caused no significant
changes during the period of storage in most parameters evaluated, only in some biogenic
amines.

The biogenic amines proved to be a promising quality indicator in the studied
products, mainly in those treatments with soy protein addition, and should be carefully
evaluated in products prepared with fish waste and salt substitutes, because despite its health
appeal, the technological effect of this ingredient may be compromised.

The present study suggests that the combined use of these ingredients associated to
frozen storage can be applied as alternative for elaboration of new semi-prepared products
manufactured from trout wastes leading advantages in the fish industry.
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Table 1: Base formulation of the meatballs trout

Ingredients T1 T2 T3 T4 T5
Fillets 915 94.5 915 90.5 90.5
Sugar 0.2 0.2 0.2 0.2 0.2
Ascorbic acid 0.2 0.2 0.2 0.2 0.2
Salt 15 15 15 15 1.125
Garlic 1.0 1.0 1.0 1.0 1.0
Soy Protein 4.0 4.0 4.0
Onion 1.0 1.0 1.0 1.0 1.0
Transglutaminase 1.0 1.0 1.0
Chive 0.6 0.6 0.6 0.6 0.6
Starch 4.0
Potassium chloride 0.375

*Refers to the ingredients in 100 g of the final product.
**T1 (starch addition), T2 (MTG addition), T3 (soy protein addition), T4 (soy protein and MTG addition) and
T5 (soy protein addition, MTG addition and partial replacement of salt).
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Table 2: Count of aerobic mesophilic heterotrophic bacteria (UFC/g) of meatballs trout

Days of storage T1 T2 T3 T4 T5
PO 2.2x10%2 2.5x10%? 2.5x10%? 5.3x10%*? 2.2x10%?
P1 3.5x102° 1.4x103® 2.7x1032 1.4x10*? 4.6x103

*UFC/g = colony forming units per gram of sample.

** T1 (starch addition), T2 (MTG addition), T3 (soy protein addition), T4 (soy protein and MTG addition) and
T5 (soy protein addition, MTG addition and partial replacement of salt).

***P0=day 1, P1= after 60 days of storage.

Different letters in the same column indicate significant differences (P < 0.05).
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Table 3: Results of TBARS (mg MDA/kg) and pH analyzes of samples in different treatments of
meatballs trout

Parameters T1 T2 T3 T4 T5

TBARS (P0) 0.27% +0.01 0.12%+0.04 0.12%+0.01 0.12%+0.01 0.25%+0.08
TBARS (P1) 0.60°+0.08 0.23%+0.04 0.17%+0.03 0.17%+0.04 0.10%+0.02
pH (PO) 6.10°%+0.04 6.10%+0.02 6.00%+0.04 6.10%+0.01 6.00%+0.02
pH (P1) 6.17%+0.01 6.15%+0.01 6.08%+0.03 6.17%+0.04 6.19%+0.01

*T1 (starch addition), T2 (MTG addition), T3 (soy protein addition), T4 (soy protein and MTG addition) and T5
(soy protein addition, MTG addition and partial replacement of salt).

**TBARS (thiobarbituric acid reactive substances)

***p0= day 1, P1= after 60 days of storage.

Different letters in the same collum indicate significant differences (P < 0.05).
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Figure 1: Amines in meatballs trout immediately after preparation (P0) and after 60 days of storage (P1).

*T1 (starch addition), T2 (MTG addition), T3 (soy protein addition), T4 (soy protein and MTG addition) and T5
(soy protein addition, MTG addition and partial replacement Values of Biogenic of salt).

**Different letters in the same graph indicate significant differences (P< 0.05)
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4 CONSIDERACOES FINAIS

A producdo de novos produtos, utilizando residuos oriundos do
beneficiamento, pode ser uma alternativa viavel, pois utiliza material de baixo custo
ou baixo valor comercial, que seriam descartados, possibilitando assim a obtencéo
de lucro para a industria. Além de evitar as perdas econdmicas para as industrias,
diminui a poluicdo do ambiente, e possibilita uma alternativa de lucro, pois agrega
valor aos residuos e atende a busca dos consumidores por produtos sustentaveis,
de baixo custo, facil preparo e de elevado valor nutritivo.

A enzima transglutaminase e a proteina de soja mostraram-se capazes de
manter as caracteristicas fisico-quimicas do produto, sem influenciar na qualidade
microbioldgica durante os 60 dias de estocagem em congelamento. Estes ligantes
apresentaram ainda a capacidade de melhorar atributos que contribuiram
positivamente para a aceitacdo global, sendo a concentracdo de 0,5% de
transglutaminase e 4% de proteina de soja suficientes para obtencdo das
alméndegas de Truta Arco-iris apresentando elevada aceitabilidade. O cloreto de
potassio (KCI) pode ser utilizado como substituto parcial do cloreto de sodio (NacCl),
reduzindo os riscos a saude quando associados ao elevado consumo de sédio.
Baseado nos resultados obtidos, o produto elaborado demonstra-se como potencial

alternativa para as industrias de pescado.



60

5 REFERENCIAS BIBLIOGRAFICAS

ABBAS, K.A.;, MOHAMED, A.; JAMILAH, B.; EBRAHIMIAN, M. A review on
correlations between fish freshness and pH during cold storage. American Journal of
Biochemistry and Biotechnology, v. 4, n. 4, p. 416-421, 2008

ABNT. ASSOCIAC;AO BRASILEIRA DE NORMAS TECNICAS.NBR 14141: escalas
utilizadas em analise sensorial de alimentos e bebidas. Rio de Janeiro, 1998.

ALINO, M.; GRAU, R.; TOLDRA, F.; BARAT, J.M. Physicochemical changes in dry-
cured hams salted with potassium, calcium and magnesium chloride as a partial
replacement for sodium chloride. Meat Science, v.86, p.331-336, 2010.

AMARAL, G. F. Andlise do segmento de trutas: Abordagens de cadeia produtiva e
turismo rural. Rio de Janeiro. 118p, 2007.

AMANCIO, A. L. L.; SILVA, J. H. V.; LIMA, C. B.; ARAUJO, J. A.; COELHO, M. S;;
OLIVEIRA, E. R. A.; LIMA, M. R.; SILVA, N. V.; RODRIGUES, M.L. Valor nutricional
da silagem de pescado e utilizacdo na alimentacdo animal. Tropical Journal of
fisheries and Aquatic Sciences. v. 10, n.1,2010.

AOAC Analysis. Official Methods of Analysis of AOAC International. Gaithersburg,
Maryland, 2005.

BARRETO, A. C. S.; POLLONIO, M. A. R. Aplicacao de fibras como substituto de
gordura em mortadela e influéncia sobre as propriedades sensoriais. Higiene
Alimentar, v. 23, p.181-188, 2009.

BARTOLOMEU, D. A. F. S. Desenvolvimento e avaliacdo da aceitacdo de embutido
defumado “tipo mortadela” elaborado com CMS de tilapia do Nilo (Oreochromis
niloticus) e fibra de trigo. Curitiba, 2011. 122 f. Dissertacdo (Mestrado em Tecnologia
de Alimentos) — Setor de Tecnologia, Universidade Federal do Parana, Curitiba,
2011.

BERGARA-ALMEIDA, S.; SILVA, A. P. Hedonic scale with reference: performance in
obtaining predictive models. Food Quality and Preference, v. 13, n. 1, p. 57-64, 2002.

BOUCAS A. S.; BURATTO, A. L., SILVA, L. M. Sistema ABC na Gestao dos Custos
Ambientais: a importancia de sua utilizagdo na Gestdo Ambiental. Sociedade,
contabilidade e gestao, v. 4, n.2, 2009.

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Portaria n°185 de 13
de maio de 1997. Aprova Regulamento Técnico de Identidade e Qualidade de Peixe
Fresco. Brasilia: Ministério da Agricultura, Pecuaria e Abastecimento, 1997.

BRASIL. Boletim Estatistico da Pesca e Aquicultura. Ministério da Pesca e
Aquicultura. 101p. 2009.



61

BUNKOVA, L.; BUNKA, F.; KLCOVSKA, P.; MRKVICKA, V.; DOLEZAOLVA, M.;
KRACMAR. Formation of biogenic amines by Gram-negative bacteria isolated from
poultry skin. Food Chemistry [online], v. 121, p. 203-206, 2010.

CARVALHO, H.H.; JONG, E.V.; BELLO, R.M.; SOUZA, R.B; TERRA, M.F.
Alimentos: métodos fisicos e quimicos de analise. Ed. Da UFRGS, Porto Alegre, RS,
180p. 2002.

CAVITT, L. C.; MEULLENET, J. F. C.; XIONG, R.; OWENS, C. M. The relationship of
razor blade shear, Allo-Kramer shear, Warner-Bratzler shear and sensory tests to
changes in tenderness of broiler breast fillets. Journal of Muscle Foods, v. 16, p. 223-
242, 2005.

CHAMBERS, E.; BAKER, W. M. Sensory Testing Methods. ASTM Manual, v. 26, p.
38-53, 1996.

CHAN, S. H; MOSSA, B. W.; FARMER, L. J.GORDON, A.; CUSKELLY, G. J.
Comparison of consumer perception and acceptability for steaks cooked to different
endpoints: Validation of photographic approach. Food Chemistry, v. 136, n. 3-4, p.
1597-1602, 2013.

CHAVES, J. B. P.; SPROESSER, R. L. Caderno Didatico 66: Pratica de Laboratério
de Andlise Sensorial de Alimentos e Bebidas. Vicosa: UFV, 81p. 2002.

CHITARRA, M. I. F.; CHITARRA, A. B. Pés-colheita de frutas e hortalicas: fisiologia e
manuseio. Lavras: ESAL/FAEPE, 785 p, 2005.

COISSON, J. D.; CERUTTU, C.; TRAVAGLIA, F.; ARLORIO, M.; Production of
biogenic amines in “Salamini italiani alla cacciatora PDO”. Meat Science, v. 67, p.
343-349, 2004.

CORREIA, T. R. Avaliacdo sensorial e quimica de linguicas tipo frescal. Boletim
Ceppa, v.19, n.2, p.183-192, 2001

CREPALDI D. V.; FARIA, P. M. C.; TEIXEIRA, E. A.; RIBEIRO, L. P.; COSTA, A. A.
P.; MELO, D. C.; CINTRA, A. P. R.; PRADO, S. A.; COSTA, F. A. A.; DRUMOND,
M. L.; LOPES, V. E.; MORAES, V. E. A situacdo da Aquacultura e da pesca no Brasil
e no mundo. Revista Brasileira de Reproducdo Animal, v.30, n.3/4, p.81-85, 2006.

CUNHA, M. A. Métodos de deteccdo de microrganisnos indicadores. Saude &
Ambiente em Revista, v.1, n.1, p.09-13, 2006.

CUNHA, F. L.; CONTE JUNIOR, C. A.; LAZARO DE LA TORRE, C. A.; SANTOS,
L.R.; MARSICO, E. T.; MANO, S. B. Determinacio de aminas biogénicas em
diferentes tipos de queijos por cromatografia liquida de alta eficiéncia. Revista do
Instituto Adolfo Lutz, v. 71, p. 69-75, 2012.

DE CATERINA, R. n—3 Fatty Acids in Cardiovascular Disease. New England Journal
of Medicine, v. 364, p. 2439-2450, 2011.



62

E. F. S. A. European Food Safety Authority. The European Union summary report on
trends and sources of zoonoses, zoonotic agents and food-borne outbreaks in 2009.
EFSa Journal, 9, 2090, 2011.

FAO. Fishery Statistical Databases, 2010.

FERREIRA, V. L. P.; ALMEIDA, T. C. A.; PETTINELLI, M. L. C. V.; SILVA, M. A. A.
P.: CHAVES, J. B. P.; BARBOSA, E. M. M. Analise sensorial: testes discriminativos e
afetivos. shCTA, 127p, 2000.

FRANCO, B.D.G. M.; LANDGRAF, M. Microbiologia dos alimentos. S&do Paulo:
Aheneu, 2003.

FURLAN, E. F. Valoracdo da qualidade do camarédo sete-barbas (Xiphopenaeus
kroyeri) desembarcado no litoral de Sdo Paulo, Brasil. Bol. Inst. Pesca, vol. 37, n.3,
p. 317-326, 2011.

GACULA, M.; RUTENBECK, S.; POLLACK, L; RESURRECCION, A. V.
MOSKOWITZ, H. R. The Just-About-Right intensity scale: functional analyses and
relation to hedonics. Journal of sensory studies, v. 22, n. 2, p. 194-211, 2007.

GERRARD, J. Protein-protein crosslinking in food: methods, consequences,
applications. Trend in Food Science & Technology, v.13, p. 391-399, 2002.

GLORIA, M. B. A.; Bioactive Amines. In: HUI, Y. H. Handbook of Food Science
Technology and Engineering volume 1. Boca Raton: Taylor & Francis Group, p.13-
38, 2006

HUSS, H. H. Garantia da qualidade dos produtos da pesca. Organizacdo das
Nacdes Unidas para a Alimentacéo e a Agricultura. FAO: Roma, 1997. 160p.

INNOCENTE, N.; BIASUTTI, M.; PADOVESE, M.; MORET, S. Determination of
biogenic amines in cheese using HPLC technique and direct derivatization of acid
extract. Food Chemistry, v. 101, n. 3, p. 1285-1289, 2007.

INSTITUTO ADOLFO LUTZ. Normas Analiticas do Instituto Adolfo Lutz. Métodos
fisico-quimicos para analises de alimentos. 42 ed., 1020 p., 2008.

KOUTSOUMANIS, K.; TASSOU, C.; NYCHAS, G-J.E. Biogenic Amines in Food. In:
JUNEJA, V. K.; SOFOS, J. N. Pathogens and Toxins in Food: Challenges and
Interventions. Washington DC: ASM Press, p. 248-274, 2010.

LAND, D. G.; SHEPHERD, R. Scaling and ranking methods. In: PIGGOTT, J. R.
Sensory analysis of foods. New York: Elsevier Applied Science, p. 155-170, 1988.

LAZARO, C. A.; CONTE JUNIOR, C. A.; CUNHA, F. L.; MARSICO, E. T.; MANO,
S.B.; FRANCO, R. M. Validation of an HPLC methodology for the identification and
guantification of biogenic amines in chicken meat. Food Analytical Methods. v. 6, p.1-
9, 2013.



63

LORENZEN, P. Effects of varying time/ temperature — conditions of pre-heating and
enzymatic cross-linking on techno-functional properties of reconstuted dairy
ingredients. Food Research International, v.40, n.6, p. 700-708, 2007.

McBRIDE, R. L. Stimulus range influences intensity and hedonic ratings of flavour.
Appetite, v. 6, n. 2, p. 125-131, 1985.

MACEDO, J.A.B. As IndUstrias Farmacéuticas e o Sistema de Gestdo Ambiental
(SGA). Revista Farmacos & Medicamentos, p. 46 — 50, 2000.

MACARI, S. M. Desenvolvimento de formulacdo de embutido cozido a base de
Tildpia do Nilo (Oreochromis niloticus). Curitiba, 2007. Dissertacdo (Mestrado em
Tecnologia de Alimentos), Universidade Federal do Parana, 2007.

MACHADO, T.M.; TABATA, Y.A.; RIGOLINO, M.G. Manejo reprodutivo da truta arco-
iris. Textos Técnicos Instituto de Pesca. 2007

MANSONA, J.E., BASSUKA, S.S., LEEA, I.M., COOKA, N.R, ALBERTA, M.A. The
Vitamin D and Omega-3 TriaL (VITAL): Rationale and design of a large randomized
controlled trial of vitamin D and marine omega-3 fatty acid supplements for the
primary prevention of cancer and cardiovascular disease. Contemporary Clinical
Trials, v. 33, p. 159-171, 2012.

MAZZER, C.; CAVALCANTI, O. A. Introducdo a gestdo ambiental de residuos.
Infarma, v.16, n.11-12, 2004

MEULLENET, J. F.; XIONG, R.; FINDLAY, C. Multivariate and probabilistic analyses
of sensory science problems. Oxford: Blackwell Publishing, 256 p. 2007.

MILLER, G. L. Modified DNS method for reducing sugars. Analytical Chemistry, v.
31, n. 3, p. 426-428, 1959.

MORAES, F. P. Alimentos funcionais e nutracéuticos: definicbes, legislacdo e
beneficios a saude. Revista Eletronica de Farmacia, v. 3, n. 2, 2007.

NASCIMENTO, R. D.; CAMPAGNOL, P. C. B.; MONTEIRO, E. S.; POLLONIO, M. A.
R. Substituicdo de cloreto de sodio por cloreto de potassio: influéncia sobre as
caracteristicas fisico-quimicas e sensoriais de salsichas. Alimentos e Nutricdo
Araraquara, v. 18, n.3, p. 297-302, 2008.

OGAWA, M.; DINIZ, F.M. Tecnologia do pescado na regiao nordeste. In. OGAWA,
M. e MAIA, E.L. Manual da pesca, v.1, p.398-410, 1999.

ONAL, A. A review: current analytical methods for the determination of biogenic
amines in foods. Food Chemistry, v. 103, p. 1475-1486, 2007.

OSAWA, C. C.; DE FELICIO, P. E.; GONCALVES, L. A. G. Teste de TBA aplicado a
carnes e derivados: métodos tradicionais, modificados e alternativos. Quimica Nova,
v. 28, n. 4, p. 655, 2005.



64

OZOGUL, F.; TAYLOR, K. D. A.; QUANTICK, P.; OZOGUL, Y. Biogenic amines
formation in Atlantic herring (Clupea harengus) stored under modified atmosphere
packaging using a rapid HPLC method. International Journal of Food Science and
Technology, v. 37, p. 515-522, 2002.

PACHECO, M. T. B.; DIAS, N. F.; BALDINI, V. L. S.; TANIKAWA, C.; SGARBIERI, V.
C. Functional properties of whey protein hydrolysates from milk whey proteins
concentrate. Ciéncia e Tecnologia de Alimentos, v. 25, n. 2, p. 333-338, 2005.

PEIXOTO, M. R. S.; SOUSA, C. L.; MOTA, E. D. S. Utilizacao de Pescada
(Macrodom ancylodon) de baixo valor comercial na obtencdo de surimi para
elaboracdo de moldado sabor camar&o. Boletim do Centro de Pesquisa de
Processamento de Alimentos, v. 18, n. 2, 2005.

PEREIRA, M. P.; TELLES, E. O.; DIAS, R. A.; BALIAN, S. C. Descricao do sistema
agroindustrial brasileiro de pescado. Informagdes Econdmicas, v. 40, n. 3, p. 54-61,
2010.

PESSATTI, M. L. Aproveitamento dos subprodutos do pescado. Meta 11. Relatério
final de acdes prioritarias ao desenvolvimento da pesca e aquicultura no Sul do
Brasil. Convénio Ministério da Agricultura, Pecuaria e Abastecimento (MAPA),
Universidade do Vale do Itajai: MA/SARC, n. 003/2000, 2001.

PRIM, M. B. S. Andlise do desperdicio de partes vegetais ndo consumiveis. 2003.
112 p. Dissertacdo (Mestrado em Engenharia de Producéo) - Programa de POs-
Graduacdo em Engenharia de Producédo, Universidade Federal de Santa Catarina,
Floriandpolis. 2003.

RAUSCHER-GABERING, E.; GROSSGUR, R.; BAUER, F.; PAULSEN, P.
Assessment of alimentary histamine exposure of consumers in Austria and
development of tolerable levels in typical foods. Food Control [online], v. 20, 423—
429, 2009.

RIGUEIRA, J. C. S.; Influéncia da contagem de células somaticas no perfil e teores
de aminas bioativas e na qualidade de leite cru e de queijo mussarela [online].2010.
147 f. Tese (Doutorado em Ciéncia de Alimentos) — Universidade Federal de Minas
Gerais, Belo Horizonte, Minas Gerais, 2010.

SEBBEN, C.L. Rendimento e Avaliacdo sensorial de hambulrgueres de carpa
(Cynoscion striatus) com diferentes condicbes de processamento e armazenagem
sob congelamento. Boletim Ceppa, Curitiba v.18, n.1, p.1-12, 2000.

SILVA, A. Estudo do processo de producdo de empanados de peixe. Dissertacao
Mestrado em Engenharia de Alimentos — Universidade Regional Integrada do Alto
Uruguai e das Missdes — URI. 81 f. Erechim, 2006.

SILVA, F. A.; BORGES, M. F. M.; FERREIRA, M. A. Methods for the evaluation of
the degree of lipid oxidation and the antioxidant activity. Quimica Nova, v. 22, n. 1, p.
94-103,1999.



65

SILVA S. R.; FERNANDES, E. C. S. Aproveitamento da corvina (argyrosomus
regius) para elaboracao do fishburger. Cadernos de Pesquisa, v. 17, n. 3, 2010.

SILVA V. L. M;; LA TORRE, C. A. L; MARSICO, E. T.; MANO, S.B.; CONTE
JUNIOR, C. A. Aminas biogénicas como indicadores de qualidade de salames e
produtos carneos fermentados. Enciclopédia biosfera, v.9, n.16, p. 70, 2013.

SILVA, H. S.; MACIEL, C. S. Gerenciamento dos residuos solidos nas centrais de
abastecimento. In: ASSOCIACAO BRASILEIRA DAS CENTRAIS DE
ABASTECIMENTO - ABRACEN. Manual operacional das Ceasas do Brasil. Belo
Horizonte: AD2 Editora, p. 159-165, 2011.

SOARES, D.; MIGUEL, D.; BORGES, D. Elaboragédo de Queijo Minas Frescal com
substituicdo parcial e total de cloreto de sodio (NaCl) por cloreto de potassio (KCI).
Cadernos de Pés-Graduacédo da FAZU, 2, 2012.

SOBRAL, M.C.M. Gerenciamento dos Riscos Ambientais em Industria de Ceramica
Esmaltada. In: XI Simpésio Luso Brasileiro de Engenharia Sanitdria e Ambiental,
Natal, 2004. Anais - Natal — RN: ABES, p. 137, 2004.

SPILLERE, L.; BEAUMORD, A. C. Formulacdo de uma hipotese global de situacdo
de impacto para o parque industrial pesqueiro instalado em Itajai e Navegantes —
SC. Engenharia Sanitaria Ambiental, vol.11 n. 4, 2006

STEVANATO, F.B.; SOUZA, N. E.; MATSUSHITA, M.; VISENTAINER, J.V.
Aproveitamento de residuos, valor nutricional e avaliagdo da degradacdo de
pescado. Pubvet, v. 1, n. 7, 171p, 2007.

STONE, H. S.; SIDEL J. L. Sensory Evaluation Practices. San Diego: Academic
Press. 308p., 1993

STORI, F. T.; BONILHA, L. E. C.; PESSATTI, M. L. Proposta de aproveitamento dos
residuos das industrias de beneficiamento de pescado de Santa Catarina com base
num sistema gerencial de bolsa de residuos. In: GARCIA, B. G. (Ed.).
Responsabilidade Social das empresas: uma contribuicdo das Universidades. Sao
Paulo: Editora Peirépolis, p. 373-406, 2003.

TABATA, Y.A., PORTZ, L. Truticultura em clima tropical. In: Tépicos Especiais em
Piscicultura de Agua Doce Tropical Intensiva. Eds: Cyrino, J.E.P. et. al. Sociedade
Brasileira de Aquicultura e Biologia Aquatica, Sdo Paulo: TecArt. Cap. 11, p.307-341,
2004.

TRUONG, V. D.; CLARE, D.; CATIGNANI, G .Cross-linking and rheological changes
of whey proteins treated with microbial transglutaminase. Journal of Agriculture and
Food Chemistry. v.52, p. 1170-1176, 2004.

VEIT, J. C.; DE FREITAS, J. M. A.; DOS REIS, E. S.; MALUF, M. L. F.; FEIDEN, A
BOSCOLO, W. R. Caracterizagdo centesimal e microbiolégica de nuggets de
mandi-pintado (Pimelodus britskii). Seminario Ciéncias Agrarias, Londrina, v. 32, n.
3, p.1041-1048, 2011.



66

VIDAL, J. M. A.; RODRIGUES, M. D. C. P.; ZAPATA, J. F. F.; VIEIRA, J. M. M.
Concentrado protéico de residuos da filetagem de tilapia-do-nilo (Oreochromis
niloticus): caracterizacdo fisico-quimica e aceitacdo sensorial. Revista Ciéncia
Agrondmica, v. 42, n. 1, p. 92-99, 2011.

VIDAL-CAROU M. C.; LATORRE-MORATALLA M. L.; BOVER-CID S. Biogenic
Amines. In Handbook of Processed Meats and Poultry Analysis, Taylor & Francis,
20009.

VINCI, G.; ANTONELLI, M.L. Biogenic amines: quality index of freshness in red and
white meat. Food Control, v. 13, n. 8, p. 519-524, 2002.

VOGEL, C. C.; PAZUCH, C. M.; SARMENTO, C.; BACK, L.; SECCO, T. H.
Desenvolvimento de salsicha com teor de sédio reduzido (sal light). RECEN-Revista
Ciéncias Exatas e Naturais, v. 13, n. 3, p. 305-316, 2011.

YOUDIM M. B.H.; WEINSTOCK M. Therapeutic Applications of Selective and Non-
Selective Inhibitors of Monoamine Oxidase A and B that do not Cause Significant
Tyramine Potentiation. NeuroToxicology, v. 25, p. 243-250, 2004.

ZOCCHE, F, PARANHOS, J.K.; BERSOT, L.S.; ROSA, S.T.M.; BARCELLOS, V.C,;
RAYMUNDO, N.K. Qualidade microbiolégica e fisico-quimica do leite pasteurizado

produzido na regido oeste do parana. Archives of Veterinary Science v.7, n.2, p.59-
67, 2002.

6 Apéndices

6.1 Aceite do artigo 1:



6.2 Publicacéo do artigo 2

International F ood Research J

Tel: 603-89468419 // Fax: 603-89423552

Email: ifrj@upm.edu.my // Website: http:/ /vvv.ifri.upm.edu.my

UPMIFSTAISRI3/558
23 January 2014

Dear Karoline Ribeiro Palmeira,

MANUSCRIPT IFRJ-2013-658

Your Manuscript enfted “Use of transglutaminase, soybean waste
and salt replacement in the elaboration of trout
(Oncorhynchus mykiss) meatball” has been accepted for publication
in the International Food Research Joumal. We thank you for your
contribution to the International Food Research Joumal and encourage you to
submit other articles to the Journal

Please fill and sign the attached forms and refum to me to enable us to
process your manuscript for publication

Thankyou

Yours sincerely,

- :6\’\ 1(_): -

—

Professor Dr. Son Radu

Editor

Intemational Food Research Joumal
Emal. ifri@upm edu.my

67



Food and Mutrition Sci=nces,. 2044, 5, 571-530 ..:, Schentific
Putllished Online March 2014 in SofRes. thg:Otww, Scirpoo rpffournalifng 't'-'u':. Rewarch
htt| cx doiore 40,4226/ fne. 2014 36067

Quality of Semi-Prepared Products from
Rainbow Trout Waste (Onchorynchus mykiss)
by Using Different Technological Strategics

Karoline Ribeiro Palmeira?’, Eliane Teixeira Marsico?, Lais Dorol, Mdsar Lemaos?,
Clandia Emilia Teixeira?, Vania Margaret Flosi Paschoalin?,
Maria Lucia Guerra Monteire?, Carlos Adam Conte Janior!

3|:Iep=rtmer.t of Foad Technology, Fluminense Federal University, Rio d= laneiro, Brazil

'I:ll.-partmer.t of Biochemistry, Chemistry Institute, Federal University of Riode Janeira,

Ria de laneiro, Brazil

Email: .k.Ealmiraﬁgluhumm, elianee@vm.uff.br, lsh.doro@gmail.com, lemosmosar@hotmail.com
iz =i Sim.ufr ialuri = = .

Received 3 January 2014; revised 3 February 2014; aocepted 10 February 2014

Copyright @ 2014 by avthors and Scientific Reszarch Publishing Inc.
This wark is licensed under the Creative Commans Attribution Intemational Licenss (CC BY).

ONon

Abstract

The consomption of freshwater fish and fish products has gradually grown worldwide over the
last decades, generating a proportional waste increase, The objective of the present study was to
assess the chemical and bacteriological quality of restructured fish produoct. meatball-type, pre-
pared with rainbow trout (Onchorynchus mykiss) waste added of 1% transglutaminase (MTG), 4%
textured soy protein (T5F) and replacing part of the sodium chloride with potassium chloride
[75%,25%) as described below: T1—starch addition (contrel); T2—MTG addition (1%); T3I—sov
protein addition (4%); T4—soy protein addition ($%) and MTG additon (1%); T5—soy protein
addition (4%), MTG addition (1%]) and partial replacement of salt (75% NaCl/25% KCI). Total
aerobic mesophilic bacteria (TAME], 2-thiobarbituric acid reactive substances (TBARS), pH de-
termination and guantification of biogenic amines were performed on the day after manufactur-
ing (P0) and after 60 days of storage (P1) at—-25°C £ 2°C. The results showed that there was na sig-
nificant difference [p < 0.05) of microbiological quality, TBARS and pH after storage. T4 presented
the lowest total biogenic amine content (256.84 mg/kg) whereas T3 and TS had the highest value
(791.36 and 707.19 mg/kg, respectively) in this parameter. Putrescine was the biogenic amine
that presented the highest concentration (504.00 mg/ke) in T3 and cadaverine that presented the
smallest concentration (0.36 mg/kg) in T4. The use of technological strategies for developing new
products with non-commercial fillets kept the most standards, having changes only in some bio-
EENiC amines.

How to cfe this paper: Palmeire, K.R., of ai. [2044] Cuality of Semi-Frepared Products from Rainbow Trout Wasts {Gn-
chowymohius mykiss) by Using Different Technalogical Straterics. Food and Notnition Scences, 5, 374-320.
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1. Introduction

Frazhwatar fishez, such as raimbow trout, are ameng the foods conzidered of hizh nutritional value, excellent
spurce of protein: with high notritional value and digsstibility around 90%, besides calcium, onzatorated fasty
acids (healthier) and vitamin B complex [1]. The average annual production of trout mcreased 183 in the Jast 10
vears [1]. This growth was pesstble dee to the increase in production scale and indvstrialization Dnitiatives that
favored trout marketing by large supermarkst chams reaching markets in several metropelitan regions [3].

The fish industry, aiming at minimizing economic los:e: and environmental impact, has taken advantaze of
the lezs noble parts of cerain food mamices to elaborzte new products with added value [4]. The high production
costs foster the study apd the development of new teckmologies having in mimd the wze of all the animal parts to
mirimize wasts 2nd economic lozses, and thus magimizieg the companias” profit Thiz proces: meclode: the im-
plemeniation of meat restnacturing method on wimmings and low comemercial value cuts to mprove the appear-
ance and texture of the new product, mereasing its marketing value [3] [6].

Reestructuring processes are technologically very important because the products obtzained have hish commnser-
cial vahe, low production cost, and are easy fo use and marksting comvenient. The use of transglutamimaze
(MT) in the industrial preparation of these products has been widely :fudied, because it: bmdmg action deas
oot depend on the wze of sodmm chieride or phosphates, zenerating healthier products becanss of lowsr levels of
sodiums zalis [7]. Sov protein is an excellznt source of esseniial aming acids, and has high digestibility, in addi-
tion some studies show that it consumption, & ralzfed to the reduction of non-mfectow: chromic dissasss such
25 rardipvasculer diseases, some types of cancer and osteoporesis [2]. However, doe to hizh manipalation dor-
g the preparation of this product, the raw restructored moest be kept frozen [2] [10]. Although scholars are con-
ducting reszarch focusing on the development of new prodocts, thers is no work reparted m the literatore that
adiresze: the addition of MTG and oy protein as:ocisted with partial replacement of :odinm chloride in fish
products.

Mumerous bacteriological and physicochemical methods have been developed for gualtty assesament of f:h
and fish products, bat the most used are TEAE, TVE, TMA, hypomenthine, and pH determinations and micro-
biologic malysis [117], 23 well az the quantification of biogenic amine: which, besides being of fundamental im-
sporiance for bumar health, are taken into consideration as guality 2:seszment criteria [12].

The ohjective of the present stady was to evaluzte the storage effect on the bacteriological and chemical qual-
ity of meatballs prepared with Fambow Trout (Orcorsmcius sykes) waste according to 3 different treatments
nuzing fransslutaminazs (MTE), textored oy protein and partial replacement of sodium chloride by potasinm
chloride and stored Frozen at —13°C = 2°C for §0 dayz.

2 Materials and Methods
2.1, Preparation of Rainbow Trout Meathalls

The minbow trouts {Oreoriynckus mykiss) were captured in tanks, and after removing the bead were eviscer-
ated and frozen. The restroctured product wa: prepared with fillsss of pon-commercial size trouts which are
treated as wasie and were acquired 2t Mogita Trout Farm, MG, Brazil. The bazs formulation was fillsts, suzar,
salt, garlic, onion, parsley and 2scorbic 2cid Five differsnt treatments were made, with differsnt contents of
starch, soy protein and BTG, besides the partial replacement of sedium chlorids by potassiom chieride (Table
1. Btarch was uzed when 20y protem and MTG were not used The frozen raw material was minced in 2 meat
grinder nsing 3.0 mm disk and the ingredients and (defrydrated) seasonings were 2dded m a techrically impor-
tant zequence (zalt or MaCLEC] mixtare, starch or TSP and ‘o7 BTG, 2eazoning:, sugar and finally azcorkic acid)
ani mized uptll forming 3 homoegerous mass (Table 1) The fish meathalls were manually shaped, weighing
apprommately 30 g zach, packed in expanded polysfyrene tray: and stored at approgimately -23°C = 2°C. The

®
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Table . Base formalation of the maathalls trows (2/100g).

Ingredient: T b vl i T4 T3
Fillses oL ETE a1 X 803
S 02 02 0z 02 B2

Ascookic 2cid 01 01 0z 02 12

Bal 1 1 13 13 L1
Gaclic 10 10 10 10 1o

Ser Brotain - - 40 &0 &0

Cnia 10 10 10 1o 1o

Tramsghteminss - 10 - 10 ]
Chire 0§ 0é T 16 16
Starch 40 - - - -

Pitassi chlorids - - - - 0378

P agmbiczh in 103 g of ik Enal groduct Tl {vi=och edditiom), T2 (MTF addition), T2 {soy proicin eddiiox], T4 faoy pootcin snd
MT G addition] end T3 {soy pooizin sddigon, MTS addition md pershl eoplacerent of aelt)

bacterinlogical ad chemical quality 2ssessments were performed in duplicate on the 1% and §0% days of storage.
Samples were randomly collecied Tom each treatment from the fozen meathalls, stored at—-23°C £ 2°C.

2.2, Bacteriological Analysis

Mediafor the count of tofal asrebic mesophilic bacteria (TARME) was Plate Count Agar (PCA) and the plate:
ware inverted to incobation at 33°C £ 1°C durmz 48 heurs [13].

2.3, Chemical Quality

The thinbarbitoric acid reactive substances [TBARS) wers determined by distilling the mizmure of HiZL and the
sample added with diztilled water, TEA was 2dded o 23 mL of distilled and after immersion in a water bath and
subsequent cooling, the reading was performed by the specmophotometry (338 mm) described by [14] amd
adagted by [15]. The pH was determined in bomogenized miziures of meatball: and distilled water (1:10) [14],
using 2 digital potentiometer (DIGIRIED DM 1T). Eiogenic amines were guantified by High Performance Lig-
uid Chromatography (HPLZ) accordmg to method described by [17]. The biogenic amines idemtified and guan-
tified were: tyTamine, puirescine, cadaverine, spermidine, histamine and :permine.

2.4, Statistical Analysis

Ome-way ANOVA followed by the Tukey Test was performed to compare average of each parameter evaheated
for each treateient between days of storzge. Data were amalyzed using GraphPad Prism 3 program® {GraphPad
Software, San Diego, California, USA) 2t 2 93% confidence level.

3. Results and Discussion
3.1. Bacteriological Results

There are no limits of TAME in fizh indicated by the brazilian legisletion. However, the International Commiz-
sion on Microbiolozical Specifications for Foods [12] recommends that the mumber of viable mezophilic bacte-
ria does not egceed 10° CFUNE, becanse this count is considersd critical in relation to the degree of product
frechmess. All the reatments presemted counts below this limit and showed significant difference only in T1 after
&0 day= of storage, indicating that the meatballs were prepared mder adequate sanitary condidions and that the
starage mamiined a comrolled bacterizl count [n the prazent study, all the values found m all the treatments
were below 10° CFU/z, 23 shown in Takble 2. In 2gresment with our findings [17] reported counts vahues rang-

(=)
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ing hetewaen in a period of 80 days storage at -13" in Rainbow Troat Eebab. [20] obsarved values below 10°
CFUg m fizh bargers prepared with mechanically deboned meat (MDM) of Mils tilapia by wing several bindars
and stored frozen, Through the bacteriological results, this swdy suggests the feasibility of wang the rainbow
trout in the preparation of meathalls

3.2, Chemical Quality Results

Table 3 :ummarizes the pH result: of the 5 reatments which varied between 4.0 and 519 durmg the &0-day
starzge, but no significant difference (p < 0.03) was observed.

According to our results [21], observed a pH value of §.33 in fish burger preparsd with croaker waste, [17]
stadied Cararhas fish barger and found 2 mean pH vahie of 6.3 in fish burgers preparsd with different =alt con-
tents, pH variation is related to storage conditions and the proceduras to which the fish is :ubmitted immediately
after its caphare, thus, this olated value [= not an exact criterion of meat freshness or guality, but muest be mier-
preted in conjunction with other parameters [23] [24].

Am increase in the pH value in food matrices may sugzest loss of quality, indicating acoumuolation of basic
metaholites such a3 ammonia apd :ome organic bases produced by microbial and endogenous enzyme action:
[24]-[26] mentions the use of cold a: a food pressrvation methed. because it slows the action of spoilage agent:
and decreasss the chemical reactions. According o [27], the pH value for fresh fish meat i3 6.0 - 6.3, which c2n
mcrease during storage becauss of acoumlation of metabolite: such 23 amines, indicating a spodlage process.

All the trextments showed TEARS values (mg MDAkZ) below the limit: indicated ir literanoe 23 :ensory
perceptible (berween 5 and & mg MDA [28]. The value: found in the first day and after §0-day storage, in-
dependent of treatment, snggest that the combination of the antiewidant (ascerbic acid) action and storage at
=25'C £ 1T contribated to minimize the oxidation of the product Another relevant factor iz the average lipid
content of thiz species of 4.83% described by [10], which classifies this species, according fo [30] a5 lean fish
(=5%), with consequent low percent degradation of the lipid moleculs. According to [31] Feezing drastically
reduces the lipid exidation process, because it reduces the rate of enzyme activity. This fact was alzo pomnted aut
by [31] on therr study on hamburgers prepared with mechanically deboned meat (WMD), stored raw and frozen
[=20°C). Besides, thezs authors noted that the treatmert with ascorbic acid reduced the lipid oxidation rate.

The limit: acknowledged by the :cientific literature for TEARS were uzed, obssrving that values above 1 - 2
mz of malondialdshyde kg fish are associated o rancid faste and =mell [31]. Moreowver, [32] repart that TEARS
walues zhave 139 of malondialdshyde'’ks sample can cause harm fo consumer’s health, since malonic dialde-
bryde and other products of lipid oxidation have been relatzd to the orzet of cancer and therefors have called the
attention of the scientific community. On the other hand, [33] stated that a product with values below 3.0 of
malondialdehydekz should be considered in good condition.

Table 2. Count of asenbic mascphilic hetermerophic becteria (UFC. g ) of moashalks tromt.

Diayz of ztnrage il ) e T4 T3
W 12w 100 2510 15410 1300 12810
Pl 15 0P L4 10m 1741 e 464 10

"UFE 5 " = ealony farmizg unity por pram of namgle. "Ti (atzech edditine], T2 (MTG Ld.rll:n‘l, T3 {0y proisin od Ene), '.I'J-I:m];::lu:und.H'l'C
eddidns) w=d T:-l’l: protein sdditen, MTG additim r.nd.pl:hr] r::lr.n:n-u-cfull.'l - d.l 1L,FL= .I.ﬂl:lfl:ld.r.'.l.ﬂrﬂscls: Differeat Iotiery in
the 1 enberrm inelie sie gignifiesnt differemeny (F < QU05)

Table 3. Rarulis of TEARS (reg MDA ks) 22d pH analymes of saneplos in diffscant trestmants of maasballs troat

Paramersry Tl T2 T3 T4 s

TEARE (P0) 027+001 L1004 L1201 0124001 025008

TEARE P1) Q60+ 0,08 (e INCS L1™£0.03 0174004 010+002
EEL(FD AT 610 £ 002 G004 61 E001 G000
EEIPL) E17£001 6132001 G0E 2003 617004 6102001

-".I'i {wemreh additien), T2 {MTE addition), T3 {20y probcn addition), II:np:m:r::n-.-"TlJ:d_hn'lndT} {vory protein addition, MTE sdditen
end ;ln:l. T_'u:::nl:iu]- Mrw echinrmic eeid remctive rebrtzeesy) Hl- e 1,5 = :Fl-rlfild.r.'.lcf:l.n:u_;: Different Iotteny tn the

azmz Ens fedicete significent i Sormes | Fed 105%
®
¥
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HNo difference (P < 0.03) was oheerved among TEARS valoes (meg MDA kg) during storage, except for T1
(vomtral) which showed higher TEARS on the 60™ day in comparasion to first day of storage. This fact may be
attriouted to presence of substances such as ketones, amine acids, ojidized protems, carbolydrates, pyridines,
esters, sugars. These compounds as well as malonaldehyde, can react with thiobarbituric 2cid (TEA) directly m-
fluencing the TEARS result, allowing to suggest that the TEARS sipnificant increase anly o the comrol sam-
ples, may have besn canzed by the presence of sfarch and not necessarily by degradation of the lipid fraction
[34]. Mevertheless, althonsh has been ohaerved an increase of TEARS m T1 the valoes of the analyzed samplez
were within the limits indicated m literaturs,

Figure 1 shows the valoes of bipgenic mines obtzined by HPLC. The fyramine concentration found m the
different reatmerts was not considered high m PO, with the lowest value in T3 (347 mgkg) and the highest
value m T1 (14.32 mg/kg). At the end of the §0-day storaze (P1) fyramine concentration significantly (B < 0.05)
mereased only in T1 and T2, where T2 reached the highest value (363 41 mz'ks) Tyramine is an importamt
aming fom the toxicological poimt of view becauss the detoxification mechanizme in mans may not be suffi-
cient in case of high intzke by allergic persons or patients that make use of drug: such as aptidepressants and
Parkinzon disease symptom controllers [33). The tomicity of tyramine and histamine are associated with the
presence of alcobol and acetaldebryde, which can merease their toxic potential because they help to promote the
tranzport of the biogenic amines to the intestinal wall [36]. According to [37] the togic concentration of fyramine
m bealthy humans i 125 mgks, while m mrnmoecompromised persons this valoe falls to § mgEg. Studies
showed that m addition to its togicity, tyramine promotes the adherence of pathopens such as Excherichia cali
0135707 on the gastric mucosa [18]

Histamine is considered the most mportant amine m fish [39] and the most toxic of the amine: detected m
food [40], but s togic effacts depend on concentration, the presence of other amines and the susceptibility of
the irdividual, besides it: health condition [41]. In the present smody, the meathalls in trexments T1, T and T3
presented hizstamine levels of 106.13, 121.74 and 293 43 mgkg, respectively, epceedng the maximum limit of
30 me'ke established by the [42] However, the samples of treatments T2 (23.24 mgkg) and T4 (14.38 mg'ke)
presented levels below the recommended limit and only the meatballs in meatment T3 exceeded the histamine
limit aztablished by the Eqropean Compuanity [43]. Besides, T3 was the only treatment that presented a signifi-
cant histamime content increaze (P < 0.05) after 60 days of storage (P1) whee compared to the comtents in B,
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Figure 1. Values of biogemic anings iz meattalls frout imesediataly aftor proparatios (PO) and after 60 davs of stor-
aga (P11 T (starch addition], T2 (MT addition), T3 {sov pootsiz addition), T4 fsoy protuin and MTG additios)
and T3 (sovy proteiz addisen, MTG addition amd pastial replaceesemt of salt). Differant lettars in the sams graph i=-
dicate significant differsaces (P - 0.03).
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There are no official Limits for other biogenic amines, but the concentration of amines such as tyramine should
be observed when aszociated with hizstamine, putrescine and cadaverine to evaluzte the overall prezsnce of bio-
genic amines in the food mairices the intake of which can lead to alterations of the arganism [36].

Althouzh the count of heteromophic aerokic mesephilic bacteria have been constant during the study may have
ocomred decreased counts of specific bacterial groups and the development of other genres. Accordingly, bacte-
ria that produce decarbogylaze: enzymes may bave besn favored by selective pressure, including lactic acid
bacteria Tetragenococous muriatics [44]-[46] and Citrebacter spp bevond that was iselated in Rainbow Trout
[47] and fish derivatives frozen [45] [45]. Although there iz no merease in the total bacterial load, the predominant
bacterial eroups of positive decarbogylaze could explam the increase of histamine and fyramine durmg the storagz.

Puirescine pressmied hizh values mdependent from treatment, with T3 showing the highest conceniration
(26327 mg'kg). When the :amples were anatyzed in P1, cnby T3 presented a significant increazs (F < 0.03). Ar-
ginme 2nd proline are amine acids precursors of putrescine and are present in concentrations of 8 and 5.3% re-
spectively in soy protein, a fact that can be associzted with the significant increase of thi: biogenic amine m
treatments with added sov protein [30].

{0n the other hand, cadaverine was the biogenic amine which kept the smallest levels both im P and B1. Cada-
verine iz mosthy produoced by spoilage bacteria that grow at hizh temperatores [51]. o sigeificant difference
was phserved m amy freatment after §0-day storage at -23°C = 2°C 2= well 22 on the mesophilic bacterial load
was obzerved when P and P1 were compared (Figure 1) This behavior partially explaims the abzence of altera-
tion of cadaverine levels. Dazpite the low Levels found in the present study, cadaverine and puire:cine are asso-
cigted to the increase of histamine intestinal absorption, enhancing the toxicify of this amine, in addition to m-
creazing the action of fyramme [32] [33] These amines can aleo act 2: niirosamine precursor: ornEnating car-
cinogenic compounds [16].

Spermime was found in low concentrations in all the mreatment: The levels of thiz amine prazsnted reduction
m all treatments. The behavior of spermidine was similar, with itz hizhest value in T3 (14162 mg/ke) in PO and
presenting sigrificant reduction after the §0-day storaze period (P1). According to [34], due to their endogenons
origin, the limits of spermine and spermidine tend fo decrese or remaim the same, during storage, and for this
rezzan these amines are generally not 2:socizted with bealth hazardows effacts when evaluated separately [53],
and ars wznally 2:socizted to allergic processss [3]

Arcording to [41] the pressnce of biogenic amines in food iz doubly important, first because the mtake of
products with high concentration of biogenic ammes may canze sigeificant toxicological and physiological ef-
fects to buman health and s=cond, becanzs they may be used 2= guality indicators m certain foods. These muthors
alz0 mention that the food industry = mierested in redocmg ther levels m fizh, berause i additton to being
linked to health and quality standards, they causs consumer rejection. They al:o state that biogenic amines can
be used 23 guality coatrol indices, because they vary during food preparation and storage, starimg with low con-
cenmations in the frazh product and increzzing during storage associated to bacterial growih.

When the bogenic amine overzll concentration was amalyzed it was observed that the T3 samples after &)
dayz of storage and T3, mdependent of the storage time, presented the hishest values. Soy protein addition m
those treatments (T3 and T3) seems fo have influenced the prasence of thess amines. According to [54), the
amines present in higher concentration in soybeans are putrescme, cadavering, agmatine, spermine and sper-
midine, because arginine, lysine, proline and fyrozine amine acids which are the precursars of the above men-
tioned biogenic amines are pressnt in the composition of the soy protem.

In 2dditon, in T3 there was replacement of 23% sodium chloride by potzzsium chloride. According to [37]
spme ingredients and additives have b=en usad to incease the teckmological properiie: and'or sensory atfribobes
during production or in the final product, however in soms cazes they can also act as inkibitors of bacterial
growth, which is one of the conditions to form blogenic amines. The author also mentions that ingredients such
25 =2t (WaCl) reduce the bacterial growth that interferes i the endogencus and exogenous proteolytic enzyme
acimvity, mhibiting the formation of fee amine acid: and conseguently reducing the formation of biogemic
amines. [n thiz manner, it seems that the replacement of 25% sodinm chloride by potassium chlonds may have
mfluenced the overall amine values in T3,

4, Conclusions

The 2ddition of ranszhitaminase (MTE), tepnred soy protein (TSF) and partial replacement of sodivm chleride
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by potassiom chloride in the product cawzed no significant changs: during the period of storage in most parame-
ters evafuzted, only in some biogenic amines.

The biogenic amine: proved to be a promising quality indicater m the stodied products, mainly m those
treatments with soy proteir addition, and should be carefally evaluated i products prepared with fizh waste and
salt substitotes, because despite its health appeal, the technological effect of thiz meredient may be compro-
misad.

The present study sugzests that the combined uze of these ingredisnts associzted to frozen storage cam be ap-
plied a3 altsreative for elaboration of new semi-prepared products manofachuored fFom wout wastes leading ad-
vantages in the fish industry
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List of Abbreviations

CFU = coleny forming umits

£ = Famne

HCl = hydrochlaric 2cid

HPLC = High Performance Liguid Chromatozraphky
ECl= potaszinm chloride

Eg=kilozam

MDA = malondialdehyde

MDM = mechamically deboned meat

MT & = transgluiaminase

Hall=sodium chioride

BCA = Plate Count Azar

TAME = Total aerobic mesophilic bacteria
TEARS = 2-thiobarkihuric acid reactive substances
TBA = trimethylamine

T5P = texfured 2oy protein

TVE = tofal volatile bazs:
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