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RESUMO

O pescado é uma fonte nutricional de alta qualidade e, por possuir, principalmente,
proteinas de alto valor biolégico e alta quantidade de acidos graxos insaturados, o
consumo do mesmo tem sido fomentado na dieta humana. No entanto, devido a
composicdo quimica e pH préximo da neutralidade, a deterioragcdo desta matriz
ocorre rapidamente resultando na perda da qualidade e na diminuicdo da validade
comercial do produto. Como forma de controlar a r4pida deterioracdo e prolongar a
validade desta matriz, métodos de conservacdo como a embalagem em atmosfera
modificada e a radiagéo ultravioleta de ondas curtas (UV-C) tem sido estudados.
Desta forma, os objetivos gerais do trabalho foram divididos em dois estudos: (1)
Avaliar a utilizacdo de aminas biogénicas e outros parametros fisico-quimicos como
indicadores de qualidade em trutas arco-iris inteiras (Artigo 1). Os resultados
demonstraram que a concentracdo de aminas biogénicas e os valores de pH
aumentaram significativamente durante o periodo de estocagem. Nao foram
observadas diferencas significativas nos valores de bases volateis totais ao longo do
armazenamento. A amonia foi detectada apés o 11° dia de estocagem. Com base
nos resultados, as aminas biogénicas putrescina e cadaverina podem ser utilizadas
como indice de qualidade para trutas arco-iris inteiras. No entanto, as bases voléateis
totais ndo sdo consideradas adequadas para avaliacdo do nivel de frescor desta
matriz. (2) Avaliar a influéncia do tipo de embalagem e composicdo de gases na
eficiéncia da radiacao ultravioleta (UV-C) em filés da referida espécie (Artigo I1). Os
resultados demonstraram que a dose de 0,1001+0,01 J/cm? promoveu reducdo de
1,8 log (UFC.g") de Proteus mirabilis. Diferentes proporcdes dos gases CO; e N,
nao influenciaram os efeitos da radiagdo UV-C nas diferentes doses aplicadas. A
passagem da luz UV reduziu significativamente em todas as embalagens estudadas
(embalagem laminada (EL); embalagem com barreira aos gases (CBG); embalagem
sem barreira aos gases (SBG)), quando comparado ao grupo controle (EL> CBG>
SBG). Com base nos resultados, a radiacdo UV-C pode ser utilizada para reduzir a
carga bacteriana superficial em filés de trutas arco-iris embalados. A utilizacdo de
diferentes propor¢des de gases nao interferiu na acdo dos raios UV-C sob os filés.
As embalagens com e sem barreira aos gases foram consideradas adequadas para
a submisséo a radiagcdo UV-C.

Palavras-chave: peixe dulcicola, indice de qualidade, validade comercial, métodos

de conservacgao, luz UV-C, embalagem



ABSTRACT

Fish is a source of high nutritional quality and due to have mainly proteins of high
biological value and high amount of unsaturated fatty acids, their consumption has
been fostered in the human diet. However, due to their chemical composition and pH
near neutrality, the deterioration of this matrix is quickly lead to loss of quality and
decreased the duration of the product. In order to control the rapid deterioration and
prolong the validity of the matrix, preservation methods such as modified atmosphere
packaging and UV-C radiation has been studied. This study was divided into two
parts: (1) Evaluate the use of biogenic amines and other physicochemical
parameters as indicators of quality in whole rainbow trout (Article 1). The results
showed that the concentration of biogenic amines and the pH values increased
significantly during the storage period. There were no significant differences in the
values of total volatile bases during storage. Ammonia was detected after the 11th
day of storage. Based on the results, biogenic amines putrescine and cadaverine can
be used as a quality index for whole rainbow trout. However, the total volatile bases
are not considered appropriate for assessing the level of freshness of this matrix. (2)
Evaluate the influence of the type of packaging and gas composition on the efficiency
of ultraviolet (UV - C) in this species of fish (Article I). The results demonstrated that
a dose of 0.1001+0.01 J/cm? promoted reduction of 1.8 log (CFU g -1) of Proteus
mirabilis. Different proportions of the gases CO, and N, did not affect the effects of
UV-C radiation in different doses. The passage of UV light showed a significant
reduction in all studied packaging (laminate packaging (LP); packaging with gas
barrier (GB); package without gas barrier (WGB)) compared to control group (LP >
GB > WGB). Based on the results, the UV- C radiation can be used to reduce the
surface bacterial load on packed rainbow trout fillets. The use of different proportions
of gases do not interfere with the effect of UV- C on the fillets. Packages with and
without gas barrier were considered suitable for submission to UV- C.

Keywords: freshwater fish, quality index, commercial validity, conservation methods,
UV- C light, packages.
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1 INTRODUCAO

A carne do pescado € um complexo molecular de elevado valor nutritivo, que
possui alta digestibilidade, rapida absor¢cdo e baixo valor calérico, além de
apresentar alto teor de aminoacidos e acidos graxos essenciais, especialmente da
série dmega 3 e vitaminas que sdo benéficos a saude humana. No entanto, sua
composi¢do quimica, bem como o seu pH préximo a neutralidade, acelera a sua
deterioragéo, pois favorece o desenvolvimento da microbiota natural presente nesta
matriz. A deterioracdo no pescado ocorre como consequéncia da atividade
enzimatica e microbioldgica, resultando na producdo de diversos metabdlitos, que
levam a perda da qualidade do produto e servem como indicadores de qualidade da
matéria-prima.

As bases volateis totais (monometilamina, dimetilamina, trimetilamina e
amoénia) sdo compostos nitrogenados originados a partir da degradacdo de
componentes do pescado (aminoacidos e nucleotideos) durante o processo de
deterioracdo. A determinacdo das bases volateis totais (BVT) constitui-se em um dos
métodos mais amplamente utilizados para avaliagdo da qualidade do pescado
(HUSS, 1995). Em pescado dulcicola a determinacdo de amoénia é considerada
como um bom parametro para avaliacdo do indice de qualidade, uma vez que é o
principal composto pertencente ao grupo de substéncias avaliadas na andlise de
BVT nestas espécies de peixes. Outro parametro também amplamente utilizado para
avaliar o processo de degradacdo do pescado é a determinacdo do potencial
hidrogenionico (pH). Ao longo do processo de deteriora, ocorre a formagéo de
compostos alcalinos, como a amdnia e as aminas biogénicas, que se acumulam na
musculatura aumentando os valores do pH muscular.

O desenvolvimento bacteriano é um dos principais fatores que levam a
deterioracdo do pescado, sendo que a grande maioria desses microrganismos
apresenta atividade proteolitica ou lipolitica contribuindo, portanto, para a
degradacdo dos tecidos e para uma série de transformagbes bioquimicas
indesejaveis, inclusive a producdo de aminas biogénicas, que levam a total
decomposicdo do pescado.

As aminas biogénicas sdo formadas no pescado como consequéncia da
descarboxilacdo de aminoacidos e sua presenca esta relacionada com a existéncia

de bactérias deteriorantes na matriz alimentar. H4 uma variacdo na predominancia
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de aminas biogénicas de acordo com a espécie do pescado, sendo que de uma
forma geral a concentracdo apos a captura € vestigial podendo aumentar ao longo
da estocagem devido a condi¢cdes inadequadas de captura, armazenamento e
processamento da matriz.

O desenvolvimento de métodos analiticos para identificacdo e quantificacdo
das aminas biogénicas é de grande importancia para determinar o frescor do
pescado, além disso pode ser significativamente mais rapida em comparacdo a
métodos microbiologicos tradicionais. As técnicas cromatogréaficas oferecem uma
vantagem uma vez que garantem quantificacfes precisas e permitem a analise
simultanea de diversas aminas biogénicas em pescado e produtos da pesca.

Como forma de controlar o rapido processo de deteriora e de aumentar a
validade comercial do pescado e seus derivados, diversos métodos de conservacao
tem sido amplamente estudados. A embalagem em atmosfera modificada € um
método de conservacdo que tem como principio a substituicdo do ar atmosférico do
interior da embalagem por uma mistura de gases. A acdo dos gases reduz a taxa de
crescimento microbiano, auxilia no controle da atividade enzimatica e oxidacdo das
gorduras, aumentando, com isso, a validade comercial do produto, além de manter
sua qualidade microbioldgica, nutricional e sensorial.

A radiacdo ultravioleta de ondas curtas (UV-C) € um processo nao térmico
utilizado para desinfeccdo de superficies ou de agua. Entretanto, atualmente cresce
0 numero de evidéncias cientificas que utilizam esta tecnologia para
descontaminacéo superficial de alimentos, onde diversos tipos de microrganismos,
inclusive virus e fungos, podem ser inativados. Consiste em um método de
conservacdo de facil implementacdo, de baixo custo, que ndo gera residuos
guimicos ou subprodutos indesejaveis, sendo ambientalmente segura.

Neste contexto, o objetivo do presente estudo foi estabelecer um indice de
qualidade de aminas biogénicas, assim como verificar os parametros fisico-quimicos
mais adequados para determinar o grau de frescor de truta arco-iris resfriada, além
de avaliar a influéncia do tipo de embalagem e composi¢do de gases na eficiéncia

da radiacao ultravioleta (UV-C) nesta espécie de pescado.



13

2 FUNDAMENTACAO TEORICA

2.1 INTRODUCAO E DISTRIBUICAO DA TRUTA ARCO-IRIS (Onchorynchus
mykiss) NO BRASIL E NO MUNDO

A truta arco-iris (Oncorhynchus mykiss) pertencente a ordem Salmoniformes
e a familia Salmonidae, € uma das espécies mais difundidas mundialmente, mais
cultivadas pela aquicultura comercial e mais comercializadas em todo o mundo
(COLOSO, 2003; HERSHBERGER, 1992). Devido a sua grande variacao fenotipica,
diversas nomenclaturas ja foram aplicadas as variedades da truta arco-iris
(LAZZAROTTO; CARAMASCHI, 2009). Esta foi descrita originalmente como Salmo
mykiss, porém atualmente aplica-se o nome Oncorhynchus, que corresponde a
todos os salmdes e trutas encontrados no Oceano Pacifico (SMITH; STEARLEY,
1989).

A espécie é originaria da vertente Pacifica da América do Norte e Nordeste da
Asia, compreendendo os rios e as areas costeiras (LAZZAROTTO; CARAMASCHIO,
2009). Encontra-se largamente difundida em todos os rios de agua fria do mundo,
com excecdo do continente Antartico, uma vez que apresenta excelentes
caracteristicas para pratica da aquicultura e da pesca esportiva (HERSHBERGER,
1992).

A truta arco-iris €, possivelmente, uma das espécies mais antigas
empregadas em cultivo e apresenta hoje uma distribuicdo cosmopolita (WELCOME,
1988; GALL; CRANDELL, 1992). A difuséo artificial da espécie iniciou-se em 1874
pela transferéncia de ovos embrionados do norte da Califérnia, para Nova York
(EUA). Em 1879, foi introduzida na Franca e posteriormente difundida por todos os
paises da Europa, sendo que seu cultivo industrial ocorreu inicialmente na
Dinamarca, na década de 1890 (GALL; CRANDELL, 1992). Os primeiros paises a
introduzirem esta espécie na América do Sul foram a Argentina e o Chile na primeira
década do século XX, sendo posteriormente inseridas na Colémbia, Peru, Equador,
Venezuela e Bolivia (WELCOME, 1988). No Brasil, as primeiras introducdes
ocorreram nos anos de 1913, 1942 e na década de 1950, sendo seu ingresso
justificado pela auséncia de espécies nativas nas regibes acidentadas e
montanhosas do Brasil (LAZZAROTTO; CARAMASCHI, 2009).
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Esta espécie ja foi registrada em Minas Gerais, Sdo Paulo, Rio de Janeiro,
Espirito Santo, Rio Grande do Sul, Santa Catarina e Parana (TAKINO; MAIER;
STEMPNIEWSKI, 1984; TABATA, 1997; BIZERRIL; LIMA, 2001; MAGALHAES et
al., 2002; SOSINSKI, 2004; LAZZAROTTO et al., 2005; LAZZAROTTO et al., 2007).
No Sudeste, esta espécie foi introduzida pelo médico veterinario Dr. Ascéanio de
Faria que recebeu 5.000 ovos embrionados de truta arco-iris provenientes da
Dinamarca e disseminou nas regifes do Planalto da Bocaina e Parque Nacional do
Itatiaia (FARIA, 1953a; SHUBBART, 1953).

O ultimo dado encontrado na literatura relata que a truticultura no Brasil esta
localizada principalmente no Sul e no Sudeste e o cultivo nestas regides totaliza
75% da producédo nacional (AMARAL, 2007).

2.2 CARACTERISTICAS ZOOTECNICAS DA ESPECIE

Espécie dulcicola, a truta arco-iris € encontrada em regibes onde a
temperatura da agua é fria, mesmo no verdo (GALL; CRANDELL, 1992). Na regido
tropical, tem a ocorréncia limitada apenas as zonas de altitude (WELCOME, 1988).
Os limites maximo e minimo de temperatura da agua para garantir a sobrevivéncia
desta espécie sdo 0 e 25° C, todavia, a faixa de temperatura recomendada para
condig¢fes de cultivo intensivo situa-se entre 10 e 20° C. A faixa térmica entre 15°C e
17°C garante as melhores taxas de crescimento e temperaturas proximas a 10°C, os
melhores indices reprodutivos. O conhecimento das variacdes da temperatura do
local proposto para o cultivo ira definir se 0 mesmo permite a exploracédo do ciclo
completo de producdo da truta ou apenas a engorda desses animais (TABATA,
1997).

Como requisito esta espécie requer ambientes com agua em quantidade e
qgualidade, com correnteza moderada a forte e agua bem oxigenada para a
procriacédo, apesar de também ser capaz de viver em lagos de agua fria (KAILOLA et
al.,, 1993). Os tanques-rede sao considerados mais apropriados para nossas
regibes, uma vez que sdo mais adequados para locais de topografia mais
acidentada (TABATA, 1997).

Por possuir elevado valor comercial e caracteristicas zootécnicas e

reprodutivas favoraveis, como boa capacidade de sobrevivéncia e reproducdo em
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ambientes naturais e artificiais como represas, tanques, tanques-rede e etc.
associado ao seu alto grau de domesticacao (facilidade de coleta dos gametas,
amadurecimento de ambos 0s sexos em ambientes artificiais, aceitacdo de alimento
artificial desde o primeiro arracoamento e manejo em relacéo ao controle referente a
sexualidade), considera-se esta espécie uma das mais estudadas e cultivadas em
todo o mundo (TABATA, 1997).

2.3 DETERIORACAO DO PESCADO

A carne do pescado apresenta diversas qualidades bastante apreciadas e
valorizadas pelo mercado consumidor atualmente como o baixo valor calérico, a
elevada digestibilidade e o elevado valor nutritivo, dado pelo alto teor de
aminoacidos, acidos graxos essenciais, especialmente da série émega 3, e
vitaminas (GERMANO; GERMANO; OLIVEIRA, 1998). Contudo, a composicao
quimica (alta atividade de agua, alto teor de lipideos insaturados facilmente
oxidaveis, pH proximo da neutralidade, nutrientes de féacil utilizagdo por
microrganismos, rapida acéo das enzimas autoliticas e alta atividade metabdlica da
microbiota) bem como o rapido desenvolvimento do rigor mortis caracterizam uma
matriz alimentar de elevada perecibilidade (SANCHEZ-CASCADO, 2005).

O processo de deterioracdo inicia-se primeiramente por mudancas autoliticas
que ocorrem devido a acdo de enzimas enddégenas dos musculos ou provenientes
das visceras. A manipulacdo do pescado, desde a sua captura ou despesca até sua
distribuicdo, contribui para que as enzimas contidas nas visceras extravasem e
atinjam os musculos, colaborando para a deterioracdo e producdo de metabdlitos
gue servem como substrato para a multiplicagdo microbiana (GRAM; HUSS,1996;
PEREIRA; TENUTA-FILHO, 2005).

A medida que o tempo avanca, as alteracdes degradativas do pescado vao
progredindo (OETTERER, 1998) e a velocidade das alteragcbes dependem
diretamente de fatores enddgenos (espécie do pescado; composicdo quimica) e
exodgenos (manipulacéo; estocagem) (RODRIGUEZ et al., 2004).

A carne do pescado passa por trés fases a partir do momento que o peixe é
capturado até que se estabeleca a deterioracdo: o pré rigor, o rigor e 0 pos rigor
mortis. Na etapa de pré-rigor, o glicogénio € utilizado como fonte de energia, dando

origem ao acido latico provocando uma diminui¢cdo do pH muscular (peixes de carne
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branca: 6,0 a 6,2; peixes de carne vermelha: 5,6 a 5,8). Em adicdo, ocorre a
formagdo do complexo acto-miosina devido a fusdo das moléculas de actina e
miosina, levando ao estabelecimento do rigor mortis caracterizado pelo
enrijecimento muscular (BARROS, 2003). O rigor mortis do pescado pode durar de 2
a 18 horas, e o pico ocorre na 6° hora pos captura (OETTERER, 2006). Segundo
Connel (1988), até o término da rigidez cadavérica ndo se inicia 0 processo de
deterioracdo microbiana uma vez que o pH encontra-se baixo devido a producéo de
acido latico.

A duracao do rigor mortis € variavel. Diversos fatores como manejo, captura,
higiene e temperatura ambiente podem influenciar na durabilidade do mesmo
(KUBITZA, 2000) . Segundo o mesmo autor, o fim do rigor mortis em peixes abatidos
logo apds a captura e em peixes submetidos a um descanso pré-abate variam de 20
a 65 horas e de 72 a 96 horas. Ademais, peixes submetidos a estresse pré-abate
apresentam rapida fase de rigor mortis, uma vez que ocorre um elevado consumo
das reservas de glicogénio, tornando a carne pouco acida, o que acelera a atuacao
das enzimas autoliticas, a acdo dos microrganismos e, consequentemente, a
deterioracéo da carne.

Segundo Oetterer (2006) na etapa final do rigor mortis, ocorre protedlise,
desnaturacdo e posteriormente degradacdo, levando a formacdo de peptideos e
aminoacidos livres, o desenvolvimento de microrganismos e a producdo de
metabdlitos que propiciam a perda de qualidade do produto e podem servir como
indice de qualidade da matéria-prima (LISTON, 1980; ARASHISAR et al., 2004).

2.3.1 Metabdlitos produzidos durante o processo de deterioracéo

Apés a morte, ocorre a diminuicdo do pH muscular do pescado devido a
producdo de acido latico proveniente da glicolise post mortem. A diminuicdo do pH
esta diretamente ligada a quantidade de glicogénio presente na musculatura do
pescado que geralmente, por esta presente em baixas quantidades, faz com que
esta matriz apresente pH mais elevado quando comparada a carne de mamiferos
(HUSS, 1998). Segundo Barros (2003), é na fase de rigor mortis que, devido ao pH
acido da carne, o pescado se encontra na condicdo de maior frescor, uma vez que a

acidez torna o meio desfavoravel a acao microbiana, além de controlar a acdo das
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enzimas presentes na matriz. Ao chegar na fase de rigor post mortem ocorre a
formacgéo de peptideos e aminoacidos livres provenientes da hidrolise protéica, que
ddo origem a substancias nitrogenadas, fazendo com que o pH aumente
gradativamente (BARROS, 2003).

Segundo Simeonidou et al. (1998) o pH post mortem pode variar de 6,0 a 7,0
dependendo de varios fatores como espécie, estacdo do ano, entre outros. Chytiri et
al. (2004a) observaram que o pH variou de 6,34 e 6,52 em trutas inteiras estocadas
por 18 dias em gelo. Rodriguez et al. (1999) também observaram altos valores de
pH ao estudarem as propriedades sensoriais e 0s indicadores bioquimicos em trutas
arco-iris, observando variacao entre 6,5 e 7,0.

Dentre os metabdlitos nitrogenados produzidos estdo as bases volateis totais
(monometilamina, dimetilamina, trimetilamina e amonia) originadas da degradacao
de aminoé&cidos e nucleotideos durante o processo de deterioragcdo (HUSS, 1995;
GIANNINI, 2003).

A amobnia € a base volatil mais representativa no inicio do processo de
degradacdo. Esta é formada pelos produtos da desaminacdo dos derivados da
adenosina trifosfato (ATP) e posteriormente, pela degradacdo de compostos
nitrogenados, como por exemplo, os aminoacidos, que em conjunto com a
trimetilamina, passam a serem 0s compostos mais significativos (OGAWA; MAIA,
1999). Na fase de pds-rigor a desaminacdo bacteriana de aminoacidos também é
uma via de producdo de amobnia, causando aumento de seus niveis apos a primeira
semana de armazenamento (CONTRERAS-GUZMAN, 1994).

O o6xido de trimetilamina (OTMA) € um composto nitrogenado ndo protéico
tipico de peixes marinhos e invertebrados (HUSS, 1995). Este pode ser reduzido a
trimetilamina (TMA) por trés vias distintas: degradacdo ndo enziméatica, acdo
enzimatica bacteriana ou por decomposicdo enzimatica, gerando em quantidade
correspondente os compostos dimetilamina e formaldeido (CINTRA et al., 1999;
TIMM; JORGENSEN, 2002).

Diferentemente de peixes de agua salgada, os peixes dulcicolas geralmente
apresentam valores minimos de OTMA, precursor da TMA, que é o principal
composto, juntamente com a amonia, formadores das BVT. Desta forma, a
concentracdo de BVT em peixes dulcicolas permanece baixa durante a estocagem
guando comparado a peixes marinhos (ZAITSEV et al.,, 1969; SCHERER et al.,
2006). O Regulamento Técnico de Identidade e Qualidade (RTIQ) de Peixe Fresco
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(BRASIL, 1997) e o RIISPOA (BRASIL, 2008) preconizam que para o pescado ser
proprio para consumo deve apresentar um limite inferior a 30mg N-BVT/ 100g de
carne, excluindo os elasmobranquios. Porém, os peixes de agua doce dificilmente
alcancam este valor limite, mesmo apresentando avancados sinais de deterioracao.
De forma a aproximar o valor limite para realidade da espécie truta arco-iris,
Gimenez et al. (2002) propuseram um limite maximo para estes compostos de 25 mg
N-BVT/100 g.

As aminas biogénicas também sao substancias nitrogenadas formadas
durante o processo de deterioracdo do pescado. Compostos basicos formados pela
descarboxilacdo enzimética dos aminoacidos livres e da transaminac¢do dos aldeidos
e cetonas (SANTOS, 1996; SHALABY, 1996; KIM; MAH; HWANG, 2009),
apresentam baixo peso molecular e ocorrem naturalmente em microrganismos,
plantas e animais (SANTOS, 1996; SHALABY, 1996; FERNANDES, 2001; SAAID et
al., 2009). Sao classificadas como alifaticas, grupo onde estéo incluidas as aminas
putrescina, cadaverina, espermina e espermidina; aromaticas, onde incluem-se a
tiramina e a feniletilamina; e as heterociclicas, onde encontram-se a histamina e a
triptamina (SANTOS, 1996; ONAL, 2007; SAAID et al., 2009). Cada amina biogénica
€ derivada de um aminoacido especifico, sendo a histamina, putrescina, cadaverina,
e tiramina derivadas dos aminoacidos precursores histidina, ornitina, lisina e tirosina,
respectivamente (Sanchez-Cascado, 2005). Na figura 1 encontra-se a
esquematizacdo da via biossintética de cada amina e seus aminoacidos

precursores.
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OCTOPAMINA ~a—u
TIRAMINA —— R.FENILETILAMINA

DOPAMINA =
Tirosina Fenilalanina
—— TRIPTAMINA
HISTAMINA —-=—— Histidina Triptéfano

e —g:

PROTEINA SEROTONINA

Glutamina Lisina
Arginina

/

PUTRESCINA —~e——— AGMATINA ———= CADAVERINA

Omitina

ESPERMIDINA —<=——= ESPERMINA

Figura 1: Sintese de aminas biogénicas derivadas dos aminoacidos

precursores. Fonte: Sanchez-Cascado (2005).

Durante o periodo post mortem ocorre aumento do teor de aminoacidos livres
devido a acao de enzimas proteoliticas que fazem parte do processo autolitico e que
estéo presentes no trato intestinal (FLICK; GRANATA, 2005; SAAID et al., 2009). Em
condicbes normais, as aminas biogénicas estdo ausentes ou encontram-se em
concentracbes minimas (< 10 ppm) em alimentos frescos, sendo rapidamente
metabolizadas no organismo por conjugacdo ou por reagdes de oxidacdo (SMITH,
1981). Contudo, em alimentos como pescado e seus derivados (SHALABY, 1996;
FLICK; GRANATA, 2005; BRINKER; KEER; RAYNER, 2002), podem estar
presentes em concentracoes significativas (> 50 ppm), e séo capazes de induzir uma
intoxicacdo quimica (HALASZ et al., 1994).

Existe uma grande diversidade de microrganismos capazes de produzir
aminas biogénicas, tais como bactérias da familia Enterobacteriacae spp.,
Clostridium spp., Lactobacillus spp., Morganella spp., Proteus morganii, Proteus
spp., Hafnia alvei e Klebsiella spp. (SHALABY, 1996; FLICK; GRANATA, 2005).

Halasz et al. (1994) observaram que as bactérias da familia
Enterobacteriaceae estdo geralmente implicadas na formagéo de cadaverina, assim
como as do género Pseudomonas spp. sdo consideradas responsaveis pela
formacao de putrescina em trutas arco-iris.

Segundo diversos autores a quantidade de aminas biogénicas formadas

depende do numero de microrganismos descarboxilase positivos presentes no
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produto, a disponibilidade de aminoacidos livres, a atividade das enzimas
descarboxilase e a temperatura (SANTOS, 1996; SHALABY, 1996; BRINKER,;
KEER; RAYNER, 2002).

Como forma de averiguar as condi¢Ges higiénico-sanitarias utilizadas durante
a produgdo, processamento e armazenamento dos produtos e a qualidade das
matérias — primas empregadas, utiliza-se a determinacdo de aminas biogénicas
como ferramenta para avaliar o indice de qualidade de determinada matriz
(TAYLOR, 1986; DONHAUSER; WAGNER; GEIGER, 1993; VECIANA-NOGUES;
MARINE-FONT; VIDAL-CAROU, 1997). Podem da mesma forma ser empregadas
como indicador de deterioracdo, uma vez que a agao microbiana pode ser
acompanhada pelo aumento da producéo de descarboxilases (HALASZ et al., 1994).
E relevante ressaltar que as aminas sdo termorresistentes e permanecem no
alimento mesmo apoés o tratamento térmico, 0 que torna o seu uso como indicador
de qualidade, uma vantagem (LIMA; GLORIA, 1999).

Rodriguez et al. (1999) sugerem que a determinacdo das aminas cadaverina
e putrescina servem como satisfatorios indicadores de qualidade para trutas arco-
iris, ressaltando que a putrescina pode ser utilizada como indicador prematuro do
processo de autolise muscular.

Rezaei et al. (2007) estudando a presenca de aminas biogénicas em trutas
arco-iris estocadas por 18 dias, observaram aumento das aminas durante o periodo
de estocagem e sugeriram que o monitoramento dos niveis de putrescina podem

servir como um indice para avaliar o frescor desta espécie de pescado.

2.4 METODOS DE CONSERVACAO EM PESCADO

A embalagem tem como funcdo proteger e conservar os alimentos, uma vez
gue reduzem as alteracdes significativas de sua composicédo ao longo do periodo de
estocagem e os mantém com qualidade até a chegada ao consumidor final. Diversos
tipos de materiais e técnicas de embalagens podem ser utilizados para melhorar a
conservagao da carne do pescado durante o armazenamento. Dentre os tipos de
embalagens, as embalagens laminadas (protegem a carne da acdo da luz e
diminuem reacdes de rancificagdo em produtos com elevado teor de gordura), as
embalagens com barreira aos gases (utilizadas na tecnologia de embalagem em
atmosfera modificada) e as embalagens sem barreira aos gases (utilizadas em
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produtos embalados em aerobiose e que permitem trocas gasosas com O ar
atmosférico) sdo as mais utilizadas pelas industrias. Dentre as técnicas de
embalagens, as mais empregadas sdo a embalagem em atmosfera modificada e a
embalagem a vacuo.

A embalagem em atmosfera modificada (EAM) constitui no acondicionamento
do produto em embalagens hermeticamente fechadas, com composicdo gasosa
diferente do ar atmosférico (MANO, 1997). Segundo Genigeorgis (1985), sdo duas
as categorias de modificacdo da atmosfera mais utilizadas na conservacdo dos
alimentos: a primeira através da alteracdo das técnicas de embalagem e a segunda
através da adicdo de uma mistura de gases no interior de uma embalagem.

A embalagem a vacuo € a forma mais simples do uso da atmosfera
modificada. E definida como o acondicionamento do produto em embalagens
impermedaveis aos gases nas quais o ar atmosférico é removido (PARRY, 1995;
SOCCOL; OETTERER, 2003). A auséncia do ar atmosférico promove o controle do
desenvolvimento de microrganismos, da acdo enzimatica e da oxidacado, principais
mecanismos responsaveis pela deterioracdo dos alimentos (PRENTICE; SAINZ,
2005).

O segundo sistema de modificacdo da atmosfera é através da remocédo do ar
atmosférico e a adicdo de um gas ou de uma mistura de gases com variaveis
combina¢des em uma embalagem que possua em sua composi¢cao barreira aos
gases. Esta tecnologia tem se mostrado eficiente para extensdo da validade
comercial, por manter o frescor e a qualidade do pescado durante o periodo de
estocagem e por facilitar a comercializacdo dos produtos por longas distancias,
assim como manté-los no ponto de venda por um longo periodo de tempo.
(GIMENEZ et al., 2002).

Os gases mais utilizados sdo o oxigénio (O,), o didxido de carbono (CO,) e o
nitrogénio (N2). O O, é 0 gas que geralmente estimula o crescimento de bactérias
aerdbias e inibe o crescimento de bactérias anaerdbias. A presenca de O, em EAM
€ mais importante no armazenamento de carnes vermelhas uma vez que mantém o
pigmento da carne (mioglobina) em sua forma oxigenada (oximioglobina), conferindo
a cor vermelho cereja as carnes vermelhas conservadas desta forma. Porém, este
gas é responsével por diversas reacdes indesejaveis nos alimentos, como oxidacao
e rancificacdo de gorduras, além de facilitar o processo de deterioracdo devido ao

estimulo de crescimento de bactérias aerdbias. O O,, portanto, € geralmente evitado
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em EAM no acondicionamento de varios produtos (CHURCH, 1994; FLOROS;
MATSOS, 2005).

O CO;, é o principal gas responsavel pelo efeito bacteriostatico proveniente da
EAM. Este gas apresenta solubilidade tanto em meio aquoso como lipidico e ao
dissolver-se forma é&cido carbénico, composto responséavel pela reducdo do pH. O
processo de acidificacdo é o principal responsavel pela acdo antimicrobiana
promovida pelo CO,, juntamente com as alteracdes de permeabilidade celular
bacteriana e a inibicdo enzimatica, resultando na reducédo da taxa de crescimento
microbiano e alteragcdo da microbiota, levando a desaceleracdo do processo de
deterioracdo (SARANTOPOULOS; SOLER, 1994; CHURCH; PARSONS, 1995;
FELLOWS, 2006).

O N; € um gas quimicamente inerte e insipido, sendo utilizado como um gas
de enchimento para limitar o colapso da embalagem causado pela absor¢éo do CO,
pelo produto, uma vez que é pouco soluvel em agua e gordura. Além disso, retarda
a rancificacdo oxidativa e a taxa de crescimento de microrganismos aerobios
(CHURCH, 1995; BLAKISTONE, 1999).

A proporgdo de gases utilizada no acondicionamento de pescado varia de
acordo com a porcentagem de lipideo presente na matriz. Pescado com elevado teor
de lipideos, por exemplo, ndo devem ser embalados com gas oxigénio, uma vez que
0 mesmo pode atuar como agente oxidativo induzindo a formacédo de aldeidos,
cetonas e alcoois (SOCCOL, 2002).

2.5 RADIACAO ULTRAVIOLETA DE ONDAS CURTAS (UV-C)

A radiacdo ultravioleta de ondas curtas (UV-C) € um processo nao térmico
que tem sido empregado amplamente na industria de alimentos e hospitais para
sanitizacdo do ar e superficies (ANDERSON et al., 2006; SOMMERS; SITES;
MUSGROVE, 2010). Porém, atualmente ha um grande interesse na utilizacdo desta
tecnologia para conservacdo de alimentos e aumento de sua validade comercial
(SASTRY; DATTA; WOROBO, 2000; BINTSIS; LITOPOULOU-TZANETAKI;
ROBINSON, 2000), uma vez que apresenta diversas vantagens como simplicidade
de implementacao, tecnologia efetiva e de baixo custo e ndo geracdo de residuos

quimicos e radioativos (CHUN et al., 2009).
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A radiacdo UV ocupa extensa faixa de comprimento de onda na regido néo
ionizante do espectro eletromagnético (100-400nm), localizada entre os raios X e a
luz visivel, cuja classificacdo pode ser observada na Tabela 1. Apesar de ocupar
ampla faixa de comprimento de onda, o intervalo considerado de maior efeito
germicida é o de 200-280 nm, sendo o comprimento de onda de 253,7 nm 0 mais
indicado para inativacdo de virus, bactérias, protozoérios, leveduras e algas
(BINTSIS; LITOPOULOU-TZANETAKI; ROBINSON, 2000).

Tabela 1: Caracteristicas da luz UV

Tipo Comprimento de onda  Faixa (hm) Caracteristicas
Alteracdes na pele humana
UV-A Longo 320-400
(bronzeamento)
uUvVv-B Médio 280-320 Queimadura de pele (cancer)
uv-C Curto 200-280 Faixa germicida (microrganismos)
uv-v 100-200 Regido de UV de vacuo

Fonte: Guerrero-Beltran; Barbosa-Canovas (2004)

Seu modo de acado tem sido atribuido as ligagdes cross-linking entre os acidos
nucléicos timina e citosina da mesma fita de DNA microbiano, gerados apos
absorcdo da radiacdo a que foram expostos. Esta ligacdo resulta no bloqueio da
transcricdo e replicacdo do DNA microbiano, levando a reducdo na taxa de
crescimento, inducdo da morte celular e decréscimo da carga bacteriana na
superficie do alimento (MCDONALD et al., 2000; GUERRERO-BELTRAN;
BARBOSA-CANOVAS, 2004).

No entanto, fotoreativacbes podem ocorrer quando as células injuriadas pela
radiacdo UV-C sdo expostas a comprimentos de onda maior que 330 nm (LILTVED;
LANDFALD, 2000). Enzimas denominadas fotoliases sao ativadas e passam a atuar
na divisdo dos dimeros de timina e citosina formados pela a¢édo da radiacdo UV-C,
reparando os danos a nivel de DNA microbiano (STEVENS et al., 1998).

E importante considerar, portanto, a dose de radiacdo a ser aplicada sob o
produto para que haja garantia de um alimento seguro. Estudos demonstram que
para que ocorra a inativagcdo de microrganismos, a exposi¢ao de radiacdo UV deve
ser no minimo de 0,04J/cm? em todas as regifes do produto (SASTRY; DATTA;

WOROBO, 2000). Além disso, fatores como a configuracdo geométrica do reator, a
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energia transmitida, o comprimento de onda, os arranjos fisicos da fonte de UV, a
permeabilidade e topografia do produto, assim como 0S microrganismos presentes
na superficie do alimento influenciam na eficacia desta tecnologia (SASTRY;
DATTA; WOROBO, 2000; WOODLING; MORARU, 2005; CHUN et al.,, 2009;
STOOPS et al., 2013).
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3 DESENVOLVIMENTO

3.1 ARTIGO I: CONCENTRATION OF BIOGENIC AMINES IN RAINBOW TROUT
(Oncorhynchus mykiss) PRESERVED IN ICE AND ITS RELATIONSHIP WITH
PHYSICOCHEMICAL PARAMETERS OF QUALITY. Published in Journal
Aquaculture Research and Development.
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ABSTRACT

Biogenic amines are formed as a result of amino acid decarboxylation and is linked to
food deterioration. Analysis of these metabolites may be of great importance to determine
food quality. The aim of this study was to quantify the biogenic amines (putrescine and
cadaverine), and evaluate the physicochemical parameters (pH, ammonia and total volatile
bases) of rainbow trout meat (Oncorhynchus mykiss). Fifteen samples were packed in ice and
transported in a styrofoam container to the laboratory. Analyses were performed daily until
the 15th day of storage. Biogenic amines concentrations and pH increased significantly
throughout the storage period. No significant differences were observed in total volatile bases
values over the time. Ammonia was detected after the 11th day of storage. Based on these
results, cadaverine and putrescine may be used as a quality index of rainbow trout; however,

total volatile bases may not be adequate parameter for this matrix.

Keywords: physicochemical parameters, biogenic amines, quality index, rainbow trout
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INTRODUCTION

Fish and fishery products have played an important role in the human diet due to their
high nutritional quality [1]; however, the chemical composition, high water activity, easily
oxidized fat content, and pH close to neutral, accelerate its deterioration by promoting the
development of the natural microbiota in this food matrix [2, 3]. The deterioration occurs as a
result of enzymatic and microbial activity, resulting in the production of different metabolites,
which can lead to loss of product quality and can serve as quality indicators of the raw
material [4, 5].

The total volatile bases (monomethylamine, dimethylamine, trimethylamine,
ammonia) are nitrogenous compounds originated from the degradation of some compounds in
fish (amino acids and nucleotides) during the deterioration process [6, 7]. The determination
of total volatile bases (TVB) is one of the most widely used for assessing fish quality [6].

In freshwater fish, ammonia is considered a good indicator for evaluating the quality
index, since it is the main compound of the group of substances evaluated in the analysis of
TVB in these species [8]. Another indicator also widely used to evaluate the degradation
process of fish is the hydrogen potential (pH). During the decaying process, there is the
formation of alkaline compounds such as ammonia and amines, which accumulate in the
muscle, increasing the muscle pH values [9].

Biogenic amines are formed as a result of amino acid decarboxylation, which is linked
to the existence of spoilage bacteria in the food matrix [6, 10, 11]. Studies have reported that
the biogenic amines, especially putrescine and cadaverine, can be considered good parameters
for assessing the quality and the deterioration rate of various food matrices, including fish [3,
11-15]. The development of analytical methods, faster than microbiological ones, for the

identification and quantification of biogenic amines is very important to determine fish
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freshness [3, 6]. Currently, chromatographic techniques offer a great advantage, since they
ensure accurate measurements and allow for the simultaneous analysis of several biogenic
amines in fish and fishery products [16, 17]. Among the chromatographic techniques, high-
performance liquid chromatography (HPLC) is being widely used because of its sensitivity
and reliability [18].

Due to the fact that there is limited scientific evidence demonstrating the effectiveness
of biogenic amines as quality indicators of trout, and considering that rainbow trout
(Oncorhynchus mykiss) is one of the main commercial aquaculture species produced and
marketed worldwide [19], this study was conducted with the purpose of evaluating the use of

biogenic amines and physicochemical parameters for quality assessment.

MATERIALS AND METHODS
a) Sampling

Fifteen fresh rainbow trout (Oncorhynchus mykiss) specimens were obtained from the
Trutas da Serrinha Company located in Itatiaia, a region of the Serra da Mantiqueira, in the
state of Rio de Janeiro, Brazil. The samples were packed in ice (0£1°C) and transported in a
styrofoam container to the laboratory. The filet was obtained in sterile conditions, and all
instruments used for filets dissection were previously sterilized. The samples were analyzed

daily until the 15™ day of storage (see figure 1). All analyses were performed in duplicate.

b) Physicochemical analyses

pH, TVB and ammonia parameters were determined in order to evaluate the state of
fish freshness during storage at 0+1°C. For the analysis of pH and TVB, potentiometric and
microdiffusion methods were used, respectively, as described by Conte-Janior et al. and by

Conway and Byrne [20, 21]. The qualitative determination of ammonia was performed by
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using mercuric iodide, potassium iodide, sodium hydroxide solutions and water (Nessler

reagent).

¢) Biogenic amines quantification

The biogenic amines, putrescine and cadaverine, were assayed by High- Performance
Liquid Chromatography (HPLC). Briefly, 5 mL of perchloric acid (5%) were added to 5 g of
sample and kept 1 hour under refrigeration condition (4+2°C) with periodic stirring.
Subsequently the solution was centrifuged and filtered through Whatman filter paper N° 1,
followed by the addition of 2N sodium hydroxide to reach pH > 6. In the next step, the
homogenized solution was kept in an ice bath for 20 minutes and filtered a second time, with
the subsequent addition of 2N sodium hydroxide to reach pH > 12 [22]. Under these
circumstances the solution was derivatized with the addition of 40 uL of benzoyl chloride,
homogenized for 15s and left to stand at room temperature for 20 min. Thereafter, 1 mL of
diethyl ether was added and the supernatant was removed. The resulting sample was
evaporated in a stream of nitrogen to be finally resuspended with 500 uL of mobile phase
(acetonitrile: H,0O; 42:58; v:v) [23]. 20 uL of sample were injected into HPLC device coupled
with UV detector; the flow rate was set at 1 mL min™. For the separation of the amine, a
Teknokroma column, TR-016057 N26243 Tracer Extrasil ODS2 (15 x 0.46 cm, id. 5um) and

a Supelco precolumn, Ascentis C18 (2 x 0.40 cm, id. 5um) were used.

d) Statistical analysis

The one-way ANOVA was performed to identify differences between biogenic amines
(putrescine and cadaverine) and physicochemical parameters (TVB and pH) over the 15-day
period of storage. When a significant F was found, additional post hoc tests with Bonferroni

adjustment were performed. For the interpretation of result all the data obtained (from day 1
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to day 15) were divided into three periods: Time 1 (T1) — analysis of the first five days of
storage; Time 2 (T2) — analysis of the subsequent five days; Time 3 (T3) — analysis of the last
five days of storage. Based on previous studies [11, 14, 24], no significant changes should
occur in the biogenic amines concentrations and pH values at Time 1.

Statistical significance was set at the 0.05 level of confidence. All analyses were
performed using a commercially available statistical package (GraphPad Prism version 5.00

for Windows, GraphPad Software, San Diego, Calif., USA).

RESULTS AND DISCUSSION

Recent studies do not report the use of quality physicochemical analyses that are
considered simple and fast, and they have also not associated these analyses with biogenic
amine concentrations to evaluate the quality of rainbow trout (Oncorhynchus mykiss).
Therefore, the present study was designed to investigate the potential use of biogenic amines
and physicochemical parameters — such as TVB, ammonia and pH — as a quality index for this
species of fish. Overall, the major finding of the study was that the concentrations of the
biogenic amine, putrescine and cadaverine, increased significantly — together with a
significant increase in pH — over the 15-day storage period and the presence of ammonia was
observed only after the 11" day of storage. No significant difference was observed in TVB
values during the 15 days of storage.

Changes in TVB and pH values over the period of the storage are shown in Table 1.
There was no significant difference in TVB values throughout the 15 days of storage. A
significant increase in pH was observed in T3 as compared to T1. The presence of ammonia

was observed only after the 11" day of storage.
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The changes in cadaverine and putrescine concentrations over the days of storage are
presented in Figures 2 and 3, respectively. There was a significant increase in putrescine (T1:
100.17 + 13.28 mg/kg; T2: 136.53 £+ 13.28 mg/kg; T3: 165.62 + 7.27 mg/kg) and cadaverine
(T1: 56.49 = 0 mg/kg; T2: 59.22 + 4.97 mg/kg; T3: 419.75 * 295.44 mg/kg) over the storage
period.

According to EC Decision 95/149, there is no maximum limit for TVB; however, the
limit was fixed to 25 mg N/100g in rainbow trout as proposed by Gimenez et al. (2002) [25,
26]. Although the present values at the end of storage period were below the limit suggested
by Gimenez et al., the fish was in an evident state of sensorial deterioration, which had gone
undetected by TVB analysis [26].

The compounds that form TVB are present in varying concentrations in muscle
according to the kind of fish [7]. Unlike marine fish, freshwater fish generally have negligible
values of trimethylamine oxide. Low levels of trimethylamine and the presence of ammonia
are the main compounds that form part of TVB. Due to the low trimethylamine formation, the
TVB concentration in freshwater fish species remains low during storage [8, 27]. In addition,
Morishita et al. reported that factors such as age, location and method of cultivation may
influence the non-protein nitrogen compound content in the fish muscle, which may influence
the TVB levels [28].

In the present study the TVB determination was not considered a good parameter for
evaluating the quality index, since the values observed in this analysis did not even change at
the end of storage period (Table 1) when the fish reached a state of deterioration (Figures 2
and 3). Other studies have confirmed the present results, demonstrating that TVB is not a
good parameter for evaluating the quality index of freshwater fish [24, 27]. Therefore, TVB

may be considered an uncertain and unreliable decay index for freshwater fish.
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Regarding ammonia, there was a correlation with the state of sensorial deterioration,
since it was detected after the 11™ day of storage in the samples. Ammonia is the main
compound belonging to this set of volatile bases in freshwater fish species. This analysis is
therefore considered satisfactory for evaluating the process of protein degradation; hence it
may be used to determine the quality index on these fish species [8].

The pH values increased continuously over the storage period, reaching higher values
in T3 (6.77£0.13). This increase was due to the production of basic compounds formed during
the autolytic changes [6]. According to Rodriguez et al. the accumulation of alkaline
metabolites, such as amines, promotes an increase in muscle pH, indicating a deterioration
process [9].

When analyzing the results of biogenic amines, the putrescine and cadaverine
concentrations increased significantly throughout the storage period. The behavior of these
amines in trout flesh was also observed by other researchers [11, 15]. Studying the
biochemical changes in rainbow trout stored for 12 days, Rodriguez et al. observed an
increase of putrescine while cadaverine was detected only after 9 days of storage [11]. The
authors suggest that the presence of cadaverine may serve as an indicator of muscle change,
which is caused by increased activity of microorganisms. Furthermore, putrescine may be an
indicator of premature muscle autolytic degradation, since it is formed during the first days of
storage.

According Dawood et al. the rapid formation of putrescine in fish is due to high
enzymatic activity (due to the microflora contaminant) that promotes both the decarboxylation
of glutamic acid and arginine and the synthesis of ornithine, which results in putrescine
formation [12]. The authors suggest that putrescine and cadaverine may be reliable indicators
of fish spoilage. Likewise, Rezaei et al. studying the presence of biogenic amines in rainbow

trout stored for 18 days, observed an increase of amines during the storage period and
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suggested that monitoring the putrescine levels may serve as an index to evaluate the
freshness of rainbow trout [15].

According to Gram and Dalgaard and Halasz et al. the increase and the formation of
these amines is related to the bacterial load present in meat [3, 29]. Halasz et al. observed that
the bacteria of the family Enterobacteriaceae are usually implicated in the formation of
cadaverine [29]. On the other hand, bacteria of the genus Pseudomonas spp. are responsible
for the formation of putrescine.

Other previous studies [4, 15, 30-32] have demonstrated that the formation of biogenic
amines depends on several factors that may alter the concentration of these amines in the food
matrix. These factors include: aquaculture conditions, food, fish species, body composition,
storage and processing conditions, autolytic interactions, availability of free amino acids, and
the presence of decarboxylase-active microorganisms.

Based on the results of the present study, it appears that the biogenic amines,
putrescine and cadaverine, may be considered suitable indicators of the degradation process of
rainbow trout meat. Furthermore, the presence of ammonia and changes in pH may be
regarded as quality parameters to evaluate this species. Finally, the total volatile bases (TVB)

were not useful in assessing the deterioration level of the fish studied.
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Legends to figures:
Figure 1. Experimental design of the study.

Figure 2. Cadaverine concentrations (mg/kg) over the period of storage. T1 = analysis of the
first five days of storage; T2 = analysis of the subsequent five days; T3 = analysis of the last

five days of storage. " significantly different from T1 and T2.

Figure 3. Putrescine concentrations (mg/kg) over the period of storage. T1 = analysis of the
first five days of storage; T2 = analysis of the subsequent five days; T3 = analysis of the last

five days of storage. * significantly different from T1 and T2. " significantly different from T1.
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Figure 1: Experimental design of the study
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Figure 2: Cadaverine concentrations (mg/kg) over the period of storage. T1 =
analysis of the first five days of storage; T2 = analysis of the subsequent five
days; T3 = analysis of the last five days of storage. # significantly different
from T1 and T2.
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Figure 3: Putrescine concentrations (mg/kg) over the period of storage. T1 =
analysis of the first five days of storage; T2 = analysis of the subsequent five
days; T3 = analysis of the last five days of storage. # significantly different
from T1 and T2. * significantly different from T1.
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Table 1. Mean & standard deviation values for total
volatile basis (TVB) and hydrogen potential (pH) over

the period of storage.

T1 T2 T3

TVB
9.30+0.58 9.07£1.19 9.07£0.0
(mg N/1009)

pH 6.47+0.19 6.73+0.09 6.77+0.13*

T1 = analysis of the first five days of storage; T2 =
analysis of the subsequent five days; T3 = analysis of
the last five days of storage. * Significantly different

from T1 (only pH; P < 0.05).
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3.2 ARTIGO II: INFLUENCE OF PACKAGED AND GAS COMPOSITION IN UV-C
RADIATION EFFECTIVENESS IN RAINBOW TROUT (Oncorhynchus mykiss). Sent
to Journal of Stored Products Research.
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ABSTRACT

The present study evaluated the effectiveness of short-wave ultraviolet (UV-C)
radiation on rainbow trout fillets inoculated with Proteus mirabilis. In addition, the influence
of the type of package (laminate packaging — LP; packaging with gas barrier — GB; package
without gas barrier — WGB) and gas composition on the efficiency of UV-C radiation for the
conservation of this species of fish was also investigated. Two pounds of rainbow trout were
inoculated, packaged under aerobic conditions, under different ratios of CO, and N, gases and
subjected to UV-C radiation. Microbiological analyses were performed. The results show that
a 0.1001+0.01 J/cm? dose of UV-C promoted reduction of 1.8 log (CFU.g™) of Proteus
mirabilis. Different ratios of CO, and N, gas did not alter the effects of UV-C radiation at
different UV-C doses. The passage of UV-C radiation was significantly reduced in all
packaging (LP > GB > WGB) when compared to a control. The results suggest that UV-C
radiation improves the surface quality of packaged rainbow trout fillets. The use of gases
(modified atmosphere technology) did not interfere with the action of UV-C rays on the
fillets. Packaging with and without the gas barrier are suitable for submission to UV-C

radiation.

Keywords: fresh water fish, UV-C radiation, packaged, modified atmosphere, Proteus

mirabilis.
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1.Introduction

Rainbow trout is one of the major fish species cultivated and marketed by commercial
aquaculture, mainly due to the advantageous husbandry characteristics, its nutritional
properties and its wide acceptance as meat by the market (Conor, 2000; Coloso et al. 2003,
Sidhu, 2003). However, the quality of fresh trout is still a major concern for the food industry
and consumers due to high perishability. Mainly due to chemical composition and
microorganism activity, spoilage of fish occurs rapidly resulting in a loss of quality and
shorter commercial shelf life (Gram L and Huss H, 1996; Gram L and Dalgaard, 2002;
Rodrigues et al., 2012; Rodrigues et al., 2013).

Several methods of preservation have been studied to control the rapid deterioration of
fish meat. Ultraviolet radiation is a non-thermal technology used in food processing to
inactivate pathogenic and spoilage microorganisms present on food surfaces (Chun et al.,
2010; Haughton et al., 2011). UV-C radiation (wavelength 253.7 nm) is used to obtain a
germicidal effect and has been approved by the FDA for use on food product surfaces (Bintsis
et al., 2000; US Food and Drug Administration, 2007). This technology has some technical
advantages: it is an effective and relatively inexpensive process that is easy to implement, and
that does not generate chemical and radioactive residues (Chun et al., 2009).

Besides UV-C radiation, conservation methods that act over a long time period, such
as modified atmosphere packaging technology, have been studied for their ability to extend
the commercial shelf life of products by preserving freshness and quality (Gimenez et al.,
2002; Monteiro et al., 2013). The combination of UV-C radiation and modified atmosphere
may be a strategy to effectively reduce the microbial load and therefore enhance the shelf life
of products. However, there are no studies that evaluate the influence of gas ratios on the
efficiency of UV-C radiation on the product surface. Therefore, it may be that the presence of

these gases may hinder the effectiveness of UV-C radiation, but such a relationship would
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need closer examination. In addition, the choice of packaging also may be relevant when
these two techniques are combined, thus certain packaging may impair the penetration of UV-
C radiation and thereby reduce the effectiveness of this preservation method.

The application of UV-C radiation may have a special importance in pre-packaged
products. Since packaging is the last step in food production without further safety treatments,
UV-C radiation could be important to eliminate possible contamination by instruments or
personnel and to decrease the risk of possible microorganism activity (Chun et al., 2009).
However, specific studies for each microorganism and food matrix are required to evaluate
the efficiency of UV-C radiation since their sensitivity may vary (Sastry et al., 2000).

Although many studies have evaluated the application of UV-C in pathogenic
microorganisms (Chun et al., 2010; Haughton et al., 2011; Keklik et al., 2010; Sommers et al.,
2010; Unluturk et al., 2008), there is a lack of information about the effectiveness of this
method in Proteus sp. and in fish meat. This microorganism may either be part of the natural
microbiote of fish, or its presence may be caused by contamination during food processing
(Ruiz-Capillas and Jiménez- Colmenero, 2010). Moreover, these microorganisms have the
capacity to produce decarboxylase enzymes and are strong producers of biogenic amines in
fish, therefore constituting a danger to public health (Houicher et al., 2013).

Due to the fact that there is limited scientific evidence about the efficiency of UV-C
on products that are already packaged, this study aims to evaluate the UV-C radiation
effectiveness in rainbow trout fillets inoculated with Proteus mirabilis, packaged under
aerobic conditions and different proportions of gases (CO, and Ny). Furthermore, analyses of
packaging materials that allows the best response when applying UV-C radiation was also

addressed.
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We hypothesized that UV-C radiation will inactivate microorganisms present on food
surfaces. In addition, the presence of gases and packaging will impair the effectiveness of

UV-C radiation in fillet already packaged.

2. Material and Methods

2.1 UV-C equipment

A stainless steel barrel-shaped chamber was constructed to perform the experiments.
Twelve UV-C lamps, six of 30W and six of 55W (OSRAM™ HNS, OFR, Munich,
Germany), were distributed in interspersed positions inside the chamber. Nylon netting was
used to position the samples in the geometrical center of the chamber. The intensities applied
were 0.713 mW/cm? (30W lamps), 1.065 mW/cm? (55W lamps) and 1.668 mW/cm? (30 and
55W lamps), determined by UV radiometer (MRUR-203™, [nstrutherm, Sdo Paulo, Brazil).
In order to determine the higher irradiance inside the chamber, different locations throughout

the nylon net were tested by UV radiometer.

2.2 Packaging material

In order to evaluate the packaging that allows superior penetration of UV-C radiation,
three types of low-density polyethylene commercial packaging were tested while empty with
three doses (0.0428+0.00, 0.0639+0.00 and 0.1001+0.01 J/cm?): (1) Laminate packaging— LP
(20 cm x 30cm); (2) Packaging with gas barrier— GB (20cm x 35cm); (3) Packaging without
gas barrie— WGB (19cm x 30cm). A radiometer was located inside the empty package and
the irradiation was measured for 60 s. The measurements were performed in triplicate.
Furthermore, these intensities were measured without the presence of packaging, constituting

control values.
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2.3 Preparation of inoculums

One serotype of Proteus mirabilis (INCQS 00265) was used in this study. This
serotype was obtained from Oswaldo Cruz Foundation (Rio de Janeiro, Brazil). The
inoculations were performed according to Sant’ana et al. (2012). In brief, the culture was
grown in Falcon tubes containing 30 mL of BHI at 37°C for 24h, and the process was
repeated twice. This initial step was used to obtain bacterial cultures in the stationary phase of
growth at a concentration of 8 log CFU/mL. After the final incubation, cultures were
centrifuged at 1000 g for 15 min at 4°C. Cell pellets were washed three times with sterile
phosphate buffered saline (PBS, pH 6.0). The bacterial concentration was determined by
measuring the optical density at 600nm (OD600) by UV spectrophotometer (Smartspec Plus,

BioRad, Hercules, CA, USA).

2.4 Fish meat samples and inoculation

Two kilograms of eviscerated rainbow trout were obtained from the Trutas da Serrinha
Company located in Itatiaia, Rio de Janeiro, Brazil. The samples were packed in ice (0+1°C)
and transported in a Styrofoam box to the laboratory. In order to obtain fillet samples of 8 x 8
cm, the trout was filleted under sterile conditions.

Sixteen samples were aseptically packaged in packaging with gas barrier and
conditioned at 4°C until inoculation, which did not exceed two hours. Each package was
opened, and one milliliter of inoculum solution with OD600 (corresponding to approximately
7.0 x 10® cells) was inoculated onto the surface of each trout filet. After that, samples were

packaged using different proportions of gases and submitted to UV radiation.
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2.5 Different gas ratio and UV radiation

Sixteen treatments were performed using either separate or combined conservation
methods (Figure 1). Nine treatments were performed by combining three doses of UV
radiation (0.0428+0.00, 0.0639+0.00 and 0.1001+0.01 J/cm?) with three different proportions
of gases (30%, 50% and 70% of carbon dioxide; the remaining volume was completed by
nitrogen gas and vacuum was performed prior to the addition of modified atmosphere gases
(TECMAQ, Vacuum sealer, AP 450). Three treatments involved UV radiation alone (at three
treatment levels with doses of 0.0428+0.00, 0.0639+0.00 and 0.1001+0.01 J/cm?) and three
involved gas ratios alone (at 30%, 50% and 70% of carbon dioxide). One study observed an
extended shelf life of freshwater fish by using combinations of 40-60% CO, (Boziaris, et al.
2014) in order to inhibit deteriorating compounds and bacterial growth. However, others
studies indicate that lower (30%) and higher (70%) concentrations of this gas can have the
positive effect of the inhibiting bacterial growth (Bouletis et al., 2013; Provincial et al. 2013;
Yew et al. 2013). Based on the results of the above mentioned studies, we chose to use low
(30%), medium (50%) and high (70%) concentration of CO, gas for the present study. The
control sample (positive control) was inoculated and packaged without UV radiation or
modified atmosphere.

UV exposure was administered for 60 s in all treatments. Each sample was placed in a
central area (10 x 40 cm?) of the unit and irradiated simultaneously on both surfaces. After
packaging at different gas proportions and after administering UV radiation doses,
bacteriological tests were performed.

The UV-C doses 0.0428+0.00, 0.0639+0.00 and 0.1001+0.01 J/cm? were used because
the UV equipment used in this study did not support the inclusion of higher power lamps. The

exposure time of 60 s was chosen based on previous results by Ozer and Demirci (2006), who
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found that E. coli and Listeria monocytogenes were reduced by 1 log when applying UV-C

radiation.

2.6 Bacteriological analysis

A swab method was performed on the surface of fillets with the aid of a sterilized
mold by autoclaving (2 x 5 cm). The swabs were placed in tubes containing saline and 6-fold
serial dilutions. An amount of 1 mL was removed from each dilution and cultured by the pour
plate technique in triplicate on Salmonella-Shigella agar. The plates were incubated at 37°C
for 48 h. One additional fillet was tested for the initial presence of Proteus species (negative
control). Culture forming units were counted and expressed as log CFU.g™" (Isohanni and

Lyhs, 2009).

2.7 Statistical analysis

Two-way analysis of variance (ANOVA) with repeated measures on two factors (4 x
3; packaging material x UV-C doses) was used to identify differences in absorption of UV-C
doses radiation for different types of packaging. A two-way ANOVA with repeated measures
on two factors (4 x 4; UV-C doses x proportion of gases) was utilized to identify differences
in the reduction of bacterial load of Proteus mirabilis when submitted to doses of UV-C
radiation with or without the use of different proportions of gases. When a significant F was
found, additional post-hoc tests with Bonferroni adjustment were performed. Statistical
significance was set at the 0.05 level of confidence. All analyses were performed using the
commercially available statistical package XLSTAT version 2013.2.03 (Addinsoft, Paris,

France).
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3. Results

The results of the evaluation of different packaging and different UV-C intensities are
shown in Table 1.

All packages allowed the penetration of at least some UV-C radiation with exception
of the laminate packaging that did not allow the passage of UV-C radiation regardless of
intensity. Packages with and without gas barrier differed only significantly when the highest
UV-C dose (0.1001+0.01 J/cm?) was applied. Overall, the packaging without gas barrier
allowed higher passage of UV-C radiation.

The results of log reduction of Proteus mirabilis on rainbow trout fillets with UV-C
radiation at different doses and gas ratios are shown in Table 2. Results were statistically
different only when the highest dose (0.1001+0.01 J/cm?) of UV-C was applied under aerobic

conditions, resulting in a reduction of 1.8 log (CFU/qg) of Proteus mirabilis.

4. Discussion

All packaging, when subjected to different UV-C doses (0.0428+0.00, 0.0639+0.00
and 0.1001+0.01 J/cm?), resulted in statistical differences compared to no packaging, which
demonstrates that packaging materials may hinder the passage of UV —C radiation (Table 1).

The use of laminated packages was previously suggested as a strategy to reduce the
production of free radicals derived from oxidation of unsaturated fatty acids and by exposure
to sun radiation, among other factors (Zuta et al., 2007). However, our results suggest that
laminated packaging blocks the passage of ultraviolet rays by 100%, even at the highest UV-
C dose (0.1001+0.01 J/cm?). This phenomenon may be due to reflectance from the lamination
of the packaging, where the incident radiation is equal to reflected radiation, hindering or

even preventing the passage of UV-C rays (Ringus and Moraru, 2013; Warriner et al., 2000;
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Woodling and Moraru, 2005). Therefore, this packaging is not recommended for products to
be subjected to the process of UV-C radiation.

Our results indicate that packaging without gas barrier allows a higher passage of UV-
C compared to packaging with gas barrier, when exposed to a radiation dose of 0.1001+0.01
Jlcm?®. However, it can only be used for products packed under aerobic conditions since it
does not have barriers to prevent gas exchange with the environment and therefore cannot be
used for vacuum packing foods or modified atmosphere packaging. Thus, gas barrier
packaging is recommended for conditioned products undergoing ultraviolet radiation and
modified atmosphere packaging, allowing the passage of UV-C rays and preventing gas
exchange with the environment (Robertson, 2013).

Radiation of 0.1001+0.01 J/cm? affected bacterial growth on inoculated trout fillets,
resulting in a reduction of 1.8 log (CFU.g™) of Proteus mirabilis. Different ratios of CO, and
N, gas did not alter the effect of UV-C radiation at different doses, indicating that the use of
different gas proportions does not interfere with the exposure of the product to UV-C rays.

The mode of action of UV-C has been attributed to cross-linking between the nucleic
acid thymine and cytosine of DNA in microorganisms caused by absorption of UV-C
radiation. This bond results in the blocking of DNA transcription and replication, inhibiting
cell growth, leading to cell death and decreasing the bacterial load on the food surface
(Guerrero-Beltran and Barbosa-Canovas, 2004; McDonald et al., 2000).

There are few studies that examine UV-C radiation effectiveness against Proteus
mirabilis and on fish meat. However, our results are in agreement with previous studies that
showed a reduction of other bacterial groups and food matrices. UV-C exposure of up to
0.192 J/cm? for 32 seconds reduced E.coli, S. enteritidis and Enterobacteriaceae on chicken
skin by 0.77, 1.01 and 0.30 log CFU/g, respectively, and on skinless chicken fillet by 0.98,

1.34 and 1.29 log CFU/g for the same microorganisms, respectively (Haughton et al., 2011).
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Chun et al. (2010) reported an initial population reduction of S. typhimurium by 1.19 log
CFU/g in chicken breast submitted to 0.05 J/cm?. Unluturk et al. (2010) observed a reduction
of 1.403 log CFU/g in the pathogenic E. coli strain 0157:H7 in liquid egg white when exposed
to UV-C radiation of 1.57 J/cm? for 20 min.

As noted, the reduction of bacterial load varies depending on the microorganism and
on the food matrix. Characteristics of the food matrix and the UV-C source, such as food
surface topography and composition, microorganism locality and the power and wavelength
of the UV-C lamp, can interfere with the efficiency of UV-C radiation to reduce superficial
bacterial load (Chun et al., 2009; Sastry et al., 2000; Stoops et al., 2013; Woodling and
Moraru, 2005). Furthermore, food
matrices with a greater load of gram-negative bacteria respond better to
UV-C radiation since these microorganisms have only one layer or several
thin layers of the outer membrane leading to a lower resistance to UV-C
radiation than gram-positive bacteria (Blatchley et al., 2001; Unluturk et
al., 2010).

Based on the results of the present study, UV-C radiation improves the surface quality
of packaged rainbow trout fillets. Furthermore, the use of different gas proportions in
modified atmosphere technology did not interfere with the action of UV-C rays on the fillets.

Finally, packaging with and without gas barrier are suitable for submission to UV-C radiation.
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Figure legend:

Figure 1. UV-C radiation doses (0.0428, 0.0639 and 0.1001 J/cm?) and different gas
proportions (30%, 50% and 70% of carbon dioxide) used to perform sixteen treatments.
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GAS RATIO GAS RATIO
(%CO,) (%CO,)
0% 0%
0 30%
30% 0.0639 o°
NI* 50% Jlem? 50%
70% 70%
0% 0%
30% 30%
0.0428 0 0.1001 0
0428 50% lem? 50%
70% 70%

*NI: nonirradiated

Figure 1. UV-C radiation doses (0.0428, 0.0639 and 0.1001 J/cm?) and different gas

proportions (30%, 50% and 70% of carbon dioxide) used to perform sixteen treatments.
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Table 1. Residual UV-C doses (J/cm2) for different packaging (GB, WGB and LP).

UV-C Doses Packages
(Jlem?) uP GB WGB LP
0.0428 0.0428+0.00%" 0.0316+0.00°* 0.0306+0.01"* 0.000+0.00°°
0.0639 0.0639+0.00%® 0.0435+0.01°8 0.0454+0.00°® 0.000+0.00°P
0.1001 0.1001+0.01% 0.0692+0.01°¢ 0.0781+0.00°¢ 0.000+0.00°P

Values are means £SD. UP: unpackaged; GB: gas barrier packaging; WGB: without gas

barrier packaging; LP: laminate packaging. Different lowercase letters indicate significant

differences (P <0.05) for values within a row. Means with different capital letters show

significant differences (P <0.05) between values within a column.

Table 2. Results of log reduction of Proteus mirabilis on rainbow trout fillets with different

UV-C light doses and gas ratios.

Gas Ratio (%CO,)

UV-C doses (J/cm?)

0 0.0428 0.0639 0.1001
0 0.16+0.40*" 0.65+0.47*" 0.90+0.70°" 1.80+0.11°"
30 0.86+0.76*" 1.100.72** 1.60+0.70** 1.37+0.58**
50 1.30+1.22*4 1.09+0.53** 1.13+0.47%4 1.31+0.67**
70 1.28+0.25** 1.18+0.38** 1.28+0.42%* 1.58+0.72**

Values are means £SD. Different lowercase letters indicate significant differences (P <0.05)

for values within a row. Different capital letters indicate significant differences (P <0.05)

between values within a column.
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HIGHLIGHTS

We evaluated the effectiveness of UV-C on trout fillets inoculated with Proteus
sp.

We assessed the influence of package and gas composition on the efficiency
of UV-C

UV-C radiation improves the surface quality of packaged rainbow trout fillet
The use of gases did not interfere with the action of UV rays on the fillets
Packaging with and without gas barrier are suitable for submission to UV
radiation
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4 CONSIDERACOES FINAIS

Baseado nos resultados do presente estudo conclui-se que as aminas
biogénicas putrescina e cadaverina podem servir como adequados indicadores de
qualidade e frescor de trutas arco-iris inteiras. Além disso, a putrescina pode ser
utilizada como indicador precoce de degradacdo muscular uma vez que é formada
nos primeiros dias de estocagem, enquanto a cadaverina um indicador tardio de
deterioracdo nesta espécie. A determinacdo de amoénia e avaliacdo do pH também
foram considerados adequados para indicar o estado de frescor do pescado.

A tecnologia de radiacdo UV-C foi considerada eficiente na redugcédo da carga
bacteriana de Proteus mirabilis em filés de truta arco-iris embalados e, portanto, sua
utilizacdo € eficaz na descontaminacdo superficial desta matriz alimentar. A
utilizacao de diferentes propor¢cdes de gases usualmente utilizadas na tecnologia de
embalagem em atmosfera modificada nao influenciou na acéo e eficiéncia da luz
UV-C sob o produto. As embalagens sem e com barreira aos gases apresentaram
boa resposta a acdo da radiacdo UV-C e foram consideradas apropriadas para

utilizagcéo desta tecnologia.
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Introduction

Fish and fishery products have played an important role in the
human diet due to their high nutritional quality [1]; however, the
chemical composition, high water activity, easily oxidized fat content,
and pH close to neutral, accelerate its deterioration by promoting the
development of the natural microbiola in this food matrix [2,3]. The
deterioration occurs as a result of enzymatic and microbial activity,
resulting in the production of different metabolites, which can lead to
loss of product quality and can serve as quality indicators of the raw
material [4,5].

The total volatile haiec (mnnnmclhylamme. dlmethylamme.
trimet ,' ia) are nitr 8 C ori
from the degradation of some compounds in ﬁsh (amino aC\ds and
nucleotides) during the deterioration process [6,7]. The determination
of total volatile bases (TVB) is one of the most widely used for assessing
fish quality [6].

In freshwater fish, ammonia is considered a good indicator for
evaluating the quality index, since it is the main compound of the group
of sub es evaluated in the analysis of TVB in these species [8].
Another indicator also widely used to evaluate the degradation process
of fish is the hydrogen potential (pH). During the decaying process,

they ensure accurate measurements and allow for the simultaneous
analysis of several biogenic amines in fish and fishery products [16,17].
Among the chromatographic techniques, high-performance liquid
chromatography (HPLC) is being widely used because of its sensitivity
and reliability [18].

Due to the fact that there is limited scientific evidence
demonstrating the effectiveness of biogenic amines as quality indicators
of trout, and considering that rainbow trout (Oncorhynchus mykiss)
is one of the main commercial aquaculture species produced and

marketed worldwide [19], this study was conducted with the purpose of

evaluating the use of biogenic amines and physicochemical parameters
for quality assessment.

Materials and Methods
Sampling

Fifleen fresh rainbow trout (Oncorhynchus mykiss) specimens were
obtained from the Trutas da Serrinha Company located in Itatiaia, a
region of the Serra da Mantiqueira, in the state of Rio de Janeiro, Brazil.
The samples were packed in ice (0% 1°C) and transported in a styrofoam
container to the laboratory. The filet was obtained in sterile conditions,
and all instruments used for filets dissection were previously sterilized.

*C author: Dr. Carlos Adam Conte Junior, Laboratory of

there is the formation of alkaline compounds such as ia and
amines, which accumulate in the muscle, increasing the muscle pH
values [9].

Biogenicaminesare formedasaresultofaminoacid decarboxylation,
which is linked to the existence of spoilage bacteria in the food matrix
[6,10,11]. Studies have reported that the biogenic amines, especially
putrescine and cadaverine, can be considered good parameters for
assessing the quality and the deterioration rate of various food matrices,
including fish [3,11-15]. The development of analytical methods, faster
than microbiological ones, for the identification and quantification of
biogenic amines is very important to determine fish fresh [3,6].
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Ihe samples were analyzed daily until the 15% day of storage (Figure 1).
All analyses were performed in duplicate.

Physicochemical analyses

pH, TVB and ammonia parameters were determined in order to
evaluate the state of fish freshness during storage at 0 + 1°C. For the
analysis of pH and TVB, potentiometric and microdiffusion methods
were used, respectively Conte-Junior et al. and Conway and Byrne
[20,21]. The qualitative determination of ammonia was performed by
using mercuric iodide, potassium iodide, sodium hydroxide solutions
and water (Nessler reagent).

Biogenic amines quantification

The biogenic amines, putrescine and cadaverine, were assayed by
High- Performance Liquid Chromatography (HPLC). Briefly, 5 mL of
perchloric acid (5%) were added to 5 g of sample and kept 1 hour under
refrigeration condition (4 + 2°C) with periodic stirring. Subsequently
the solution was centrifuged and filtered through Whatman filter paper
No 1, followed by the addition of 2N sodium hydroxide to reach pH>6.
In the next step, the homogenized solution was kept in an ice bath for 20
minutes and filtered a sccond time, with the subscquent addition of 2N
sodium hydroxide to reach pH>12 [22]. Under these circumstances the
solution was derivatized with the addition of 40 uL of benzoyl chloride,
homogenized for 15 s and left to stand at room temperature for 20 min.
Thereafter, 1 mL of diethyl ether was added and the supernatant was
removed. The resulting sample was evaporated in a stream of nitrogen
to be finally resuspended with 500 uL of mobile phase (acetonitrile:
H,0; 42: 58; v: v) [23]. 20 pL of sample were injected into HPLC device
coupled with UV detector; the flow rate was set at 1 mL min'". For the
separation of the amine, a Teknokroma column, TR-016057 N26243
Tracer Extrasil ODS2 (15x0.46 cm, id. 5 yum) and a Supelco precolumn,
Ascentis C18 (2x0.40 cm, id. 5 pm) were used.

Statistical analysis

The one-way ANOVA was performed to identify differences between
biogenic amines (putrescine and cadaverine) and physicochemical
parameters (TVB and pH) over the 15-day period of storage. When
a significant F was found, additional post hoc tests with Bonferroni
adjustment were performed. For the interpretation of result all the data
obtained (from day 1 to day 15) were divided into three periods: Time
1 (T1)~analysis of the first five days of storage; Time 2 (T2)-analysis of
the subsequent five days; Time 3 (T3)-analysis of the last five days of
storage. Based on previous studies [11,14,24], no significant changes
should occur in the biogenic amines concentrations and pH values at
Time 1.

Statistical significance was set at the 0.05 level of confidence. All
analyses were performed using a commercially available statistical
package (GraphPad Prism version 5.00 for Windows, GraphPad
Software, San Diego, California, USA).

—thana il o2, wwmm@

Figure 1: Experimental design of the study.
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Results and Discussion

Recent studies do not report the use of quality physicochemical
analyses that are considered simple and fast, and they have also
not associated these analyses with biogenic amine concentrations
to evaluate the quality of rainbow trout (Oncorhynchus mykiss).
Therefore, the present study was designed to investigate the potential
use of biogenic amines and physicochemical parameters-such as TVB,
ammonia and pH-as a quality index for this species of fish. Overall, the
major {inding of (he study was that the concentrations of the biogenic
amine, pulrescine and cadaverine, increased significantly-together
with a significant increase in pH-over the 15-day storage period and
the presence of ammonia was observed only after the 11th day of
storage. No significant difference was observed in TVB values during
the 15 days of storage.

Changes in TVB and pH values over the period of the storage are
shown in table 1. There was no significant difference in TVB values
throughout the 15 days of storage. A significant increase in pH was
observed in T3 as compared to T1. The presence of ammonia was
observed only after the 11™ day of storage.

The changes in cadaverine and putrescine concentrations over the
days of storage are presented in figures 2 and 3, respectively. There was a

800+ #

600+

200+

Cadaverine (mg/kg)

o]
™ T2 T3

T1=analysis of the first five days of storage; T2=analysis of the subsequent
five days; T3=analysis of the last five days of storage.
#Significantly different from T1 and T2.

Figure 2: Cadaverine concentrations (mg/kg) over the period of storage.
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Putrescine (mg/kg)

W
o
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it

T T2 T3

T1=analysis of the first five days of storage; T2=analysis of the subsequent
five days; T3=analysis of the last five days of storage.

#Significantly different from T1 and T2.

*Significantly different from T1

Figure 3: Putrescine concentrations (mg/kg) over the period of storage.
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significant increase in putrescine (11: 100.17 + 13.28 mg/kg; T2: 136.53
+ 13.28 mg/kg; T3: 165.62 + 7.27 mg/kg) and cadaverine (T1: 56.49 +
0 mg/kg; T2: 59.22 + 4.97 mg/kg; T3: 419.75 + 295.44 mg/kg) over the
storage period.

According to EC Decision 95/149, there is no maximum limit for
TVB; however, the limit was fixed to 25 mg N/100g in rainbow trout
Gimenez et al. [25,26]. Although the present values at the end of storage
period were below the limit suggested by Gimenez et al. the fish was in
an evident state of sensorial deterioration, which had gone undetected
by TVB analysis [26].

The compounds that form TVB are present in varying
concentrations in muscle according to the kind of fish [7]. Unlike
marine fish, freshwater fish generally have negligible values of
trimethylamine oxide. Low levels of trimethylamine and the presence
of ammonia are the main compounds that form part of TVB. Due to the
low trimethylamine formation, the TVB concentration in freshwater
fish species remains low during storage [8,27]. In addition, Morishita et
al. reported that factors such as age, location and method of cultivation
may influence the non-protein nitrogen compound content in the fish
muscle, which may influence the TVB levels [28].

In the present study the TVB determination was not considered
a good parameter for evaluating the quality index, since the values
observed in this analysis did not even change at the end of storage period
(Table 1) when the fish reached a state of deterioration (Figures 2 and
3). Other studies have confirmed the present results, demonstrating
that TVB is not a good parameter for evaluating the quality index of
freshwater fish [24,27]. Therefore, TVB may be considered an uncertain
and unreliable decay index for freshwater fish.

Regarding ammonia, there was a correlation with the state of
sensorial deterioration, since it was detected after the 11" day of
storage in the samples. Ammonia is the main compound belonging
to this set of volatile bases in freshwater fish species. This analysis is
therefore considered satisfactory for evaluating the process of protein
degradation; hence it may be used to determine the quality index on
these fish species [8].

The pH values increased continuously over the storage period,
reaching higher values in T3 (6.77 + 0.13). This increase was due to
the production of basic compounds formed during the autolytic
changes [6]. According to Rodriguez et al. the accumulation of alkaline
metabolites, such as amines, promotes an increase in muscle pH,
indicating a deterioration process [9].

When analyzing the results of biogenic amines, the putrescine
and cadaverine concentrations increased significantly throughout
the storage period. The behavior of these amines in trout flesh was
also observed by other researchers [11,15]. Studying the biochemical
changes in rainbow trout stored for 12 days, Rodriguez et al. observed
an increase of putrescine while cadaverine was detected only after 9
days of storage [11]. The authors suggest that the presence of cadaverine

m T2 3
VB 930£058 907 £1.19 9.07+00
(mg N/100g)
pH 6.47£0.19 6734009 677013

T1=analysis of the first five days of storage; T2=analysis of the subsequent five
days; T3=analysis of the last five days of storage.

*Significantly different from T1 (only pH; P<0.05).

Table 1: Mean and standard deviation values for total volatile basis (TVB) and
hydrogen potential (pH) over the period of storage.
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may serve as an indicator of muscle change, which is caused by
increased activity of microorganisms. Furthermore, putrescine may
be an indicator of premature muscle autolytic degradation, since it is
formed during the first days of storage.

According Dawood et al. the rapid formation of putrescine in fish is
duc to high enzymatic activity (duc to the microflora contaminant) that
promotes both the decarboxylation of glutamic acid and arginine and
the synthesis of ornithine, which results in putrescine formation [12].
The authors suggest that putrescine and cadaverine may be reliable
indicators of fish spoilage. Likewise, Rezaei et al. studying the presence
of biogenic amines in rainbow trout stored for 18 days, observed an
increase of amines during the storage period and suggested that
monitoring the putrescine levels may serve as an index to evaluate the
freshness of rainbow trout [15].

According to Gram and Dalgaard and Haldsz et al. the increase
and the formation of these amines is related to the bacterial load
present in meat [3,29]. Haldsz et al. observed that the bacteria of the
family Enterobacteriaceae are usually implicated in the formation of
cadaverine [29]. On the other hand, bacteria of the genus Pseudomonas
spp. are responsible for the formation of putrescine.

Other previous studies [4,15,30-32] have demonstrated that the
formation of biogenic amines depends on several factors that may alter
the concentration of these amines in the food matrix. These factors
include: aquaculture conditions, food, fish species, body composition,
storage and processing conditions, autolytic interactions, availability
of free amino acids, and the presence of decarboxylase-active
microorganisms.

Based on the results of the present study, it appears that the
biogenic amines, putrescine and cadaverine, may be considered
suitable indicators of the degradation process of rainbow trout meat.
Furthermore, the presence of ammonia and changes in pH may be
regarded as quality parameters to evaluate this species. Finally, the total
volatile bases (TVB) were not useful in assessing the deterioration level
of the fish studied.
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