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O objetivo deste trabalho foi avaliar o efeito da adicdo da carnosina (4,5 g/kg) no controle da
formagédo de N-nitrosaminas em produtos cérneos curados, comparado com o eritorbato de sédio (0,5
g/kg) e com a combinag¢é@o de ambos. Primeiramente foi desenvolvido e validado um método analitico
alternativo baseado na anélise por cromatografia gasosa acoplada a espectrometria de massas com
ionizagdo quimica (modo positivo) utilizando metanol como reagente para medir quantidades trago de
nove N-nitrosaminas volateis em diferentes tipos de produtos carneos curados. Em seguida, a
quantificacdo de N-nitrosaminas foi conduzida em dois sistemas modelo desenvolvidos neste estudo:
o primeiro foi realizado em solugdo tampédo com um pH 5,6 (pH médio da carne suina); o segundo foi
conduzido em matriz carnea e algumas propriedades tecnolégicas dos produtos também foram
avaliadas. A adicdo isolada de carnosina ou combinada com o eritorbato de s6dio promoveu um
aumento de cerca de 0,2 unidades os valores de pH das amostras carneas, enquanto a adicdo do
eritorbato de sodio sozinho ndo apresentou nenhuma diferenca em relacdo ao controle (sem adicao
de antioxidantes). Nos tratamentos onde a carnosina foi adicionada, maiores valores de retencéo de
agua durante o cozimento indicam com clareza o efeito do pH nestes resultados, bem como uma
reducdo nos valores da cor objetiva (pardmetros L* e b*) pode estar relacionada ao aumento da
retencdo de Agua e, consequentemente, dos pigmentos que sdo hidrossollveis. A atividade
antioxidante também foi avaliada e indicou que capacidade antioxidante do eritorbato de sédio (77,78-
78,75%) foi maior que a da carnosina (0,00-53,60%). No sistema modelo em solu¢do de pH 5,6,
ambos os antioxidantes foram eficientes na inibicao da formac&o de N-nitrosaminas, porém, quando o
processamento térmico foi aplicado, o eritorbato promoveu um efeito de inibicao superior, atribuido a
sua maior capacidade em reduzir N,O; e NO" & NO na presenca de oxigénio. Ao contrario, em
amostras de carnes curadas cozidas armazenadas por um periodo de sete dias a uma temperatura
de 4 °C na presenca de oxigénio, o eritorbato de sodio promoveu um aumento na concentracdo de N-
nitrosaminas. Este resultado pode ser atribuido ao fato de o eritorbato promover uma formacéo inicial
maior de NO e ao mesmo tempo, dispor de uma menor concentracdo durante o periodo de
armazenamento devido a sua utilizagcdo nas reacdes de reducdo da metamioglobina. Portanto, a
diferenca entre os resultados obtidos nos diferentes modelos experimentais pode ser explicada pela
presenca da mioglobina no sistema modelo conduzido em matriz carnea. A adicdo da carnosina
sozinha ou combinada com o eritorbato foi responsavel pela redu¢cdo da concentracdo de N-
nitrosaminas para os niveis iniciais representados pelo controle, indicando que o dipeptideo natural
estudado teve a capacidade de proteger o excesso de formacdo destes compostos cancerigenos,
causado pelo eritorbato.

Palavras-chave: N-nitrosaminas. carnosina, eritorbato de sodio, produtos carneos curados.
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The objective of this study was to evaluate the effect of the addition of carnosine (4.5 g/kg) on
the control of N-nitrosamines formation in cured meat products, compared with sodium erythorbate
(0.5 g/kg) and the combination of both. First an alternative analytical method for measuring trace
amounts of nine volatile N-nitrosamines in different types of cured meat products by gas
chromatography-chemical ionisation/mass spectrometry (GC-CI/MS) in positive-ion mode using
methanol as reagent was successfully developed and validated. Then, N-nitrosamines quantification
was conducted in two model systems developed in this study: the first was performed in buffer solution
at pH 5.6 (meat pH); the second was carried out in meat matrix and some technological properties
were evaluated in the products. Carnosine added alone or in combination with sodium erythorbate
promoted an increase of about 0.2 units of pH values in meat samples, while adding sodium
erythorbate alone showed no differences compared to control (without addition of antioxidants). Higher
values of water retention during cooking in treatments where carnosine was added, clearly indicate the
effect of pH on these results, as well as a reduction in L* and b* color values might be related to an
increase on the water retention and hence the water-soluble pigments retention. Antioxidant activities
of carnosine and sodium erythorbate were evaluated and the results indicated that antioxidant
capacity of sodium erythorbate (77.78 to 78.75%) was superior to that of carnosine (0.00-53.60%). In
the curing solution both erythorbate and carnosine had a positive effect on the inhibition of NAs
formation and the superior inhibiting effect of erythorbate was explained by its higher ability to reduce
N,O; and NO™ to NO in the presence of oxygen, contributing to its superior effect when heat process
was applied. On the contrary, in meat samples stored in the presence of oxygen, sodium erythorbate
contributed to an increase in NAs concentration with respect to the control that is likely attributable to
its higher initial NO formation and its consumption for metmyoglobin reducing reactions during storage
time. Added carnosine brought this increased NAs formation by erythorbate to the level found in the
control. The difference in NAs formation between the two models can be explained by the presence of
myoglobin in the meat system making a demand on available erythorbate. The combined information
from the two systems indicates that carnosine offers an added protection for NAs inhibition in condition
of excess formation.

Keywords: N-nitrosamines. carnosine, sodium erythorbate, cured meat products.
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INTRODUCAO

A cura de carnes com os ingredientes apropriados permite um melhor
aproveitamento desta fonte de proteinas através da producdo de uma variedade de
produtos carneos com sabores distintos, mais seguros e que podem ser
armazenados por um periodo de tempo maior. Sais de nitrito e nitrato de sodio e
potassio sdo adicionados com cloreto de s6dio como conservantes nas misturas de
cura em produtos carneos e tém como finalidade principal inibir o crescimento de
microrganismos patogénicos, como o Clostridium botulinum, conferir aspectos
sensoriais caracteristicos (como sabor e aroma mais agradaveis e coloracdo
vermelha ou résea atraente) as carnes curadas, além de retardar a oxidacao lipidica
(TOLDRA, 2010; PEGG; SHAIDI, 2000).

Apesar destas vantagens de cura, Vvarios estudos questionam 0S riscos
toxicolégicos que o consumo destes produtos representam para a saude humana
devido ao fato de a reacdo de aminas secundarias com espécies nitrogenadas tais
como NO" e N,Os (formadas a partir do nitrito residual) conduzir a formacéo de N-
nitrosaminas, substancias que apresentam potencial genotoxicidade (OOSTINDJER
et al. 2014; BRYAN; VAN GRINSVEN, 2013; PUSSA, 2013; ANDREE et al., 2010).
Nos Estados Unidos, a concentracdo maxima permitida € de 10 pg/kg de N-
nitrosaminas volateis em produtos curados (USDA, 2011), enquanto no Canada, o
nivel MAaximo para N-nitrosodimetilamina, N-nitrosodietilamina, N-
nitrosodipropilamina, N-nitrosodibutiamine, N-nitrosopiperidina e N-nitrosomorfolina é
de 10 pg/kg e 15 ug/kg para N-nitrosopirrolidina em produtos carneos curados
(RATH; REYES, 2011). Apesar do desenvolvimento de muitas pesquisas que
busquem alternativas para o problema do nitrito nos alimentos, ainda néo foi
encontrada nenhuma substancia capaz de substituir totalmente este agente de
conservagao.

O acido ascorbico (ou seus sais ascorbato, isoascorbato ou eritorbato) age
simultaneamente com os sais de cura na formacgédo e manutencao da cor especifica
dos produtos curados, devido a sua capacidade de reagir com nitrito e com o acido
nitroso para formar compostos nitrogenados capazes de nitrosar a metamioglobina
(SKIBSTED, 2011). Alem disso, a acido ascorbico desenvolve um importante papel

como inibidor da oxidac&o lipidica e seu emprego em produtos carneos curados
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também pode contribuir no controle da formacdo de N-nitrosaminas (SKIBSTED,
2011; TANNENBAUM; WISHNOK; LEAF, 1991).

A carnosina é um dipeptideo natural composto de B-alanina e L-histidina
encontrado no musculo esquelético de diferentes espécies animais como porco,
bovino, peru, dentre outros. Este composto natural tem sido relacionado a iniUmeras
acOes fisiolégicas positivas incluindo sua importante protecdo antioxidante. As
propriedades bioquimicas deste dipeptidio conduzem aos seus numerosos papeis
fisiolégicos positivos, tais como a prevencdo da diabetes, osteoporose,
neurodegeneracdo, perda de visdo, audicdo e funcdo imunoldgica (BOLDYREV;
ALDINI; DERAVE, 2013; QUINN; BOLDYREVT; FORTNAZUYLCL, 1992).

A maior parte dos estudos que avaliam o efeito do aumento da concentracao
de carnosina em carnes estdo relacionadas com a sua capacidade protetora contra
a oxidacéo lipidica ou contra a formacao de metamioglobina (ALIANI et al., 2013;
DAS; ANJANEYULU; BISWAS, 2006; LEE; HENDRICKS; CORNFORTH, 1999).
Porém, ndo existem relatos cientificos disponiveis demonstrando o efeito da
carnosina na formacéo de N-nitrosaminas. Algumas rotas para reacoes fisiologicas
envolvendo NO foram sugeridas mas seus mecanismos ainda nao foram claramente
compreendidos e ainda ha muito a ser revelado (BOLDYREV; ALDINI; DERAVE,
2013; HIPKISS, 2009). Portanto, a idéia de investigar o efeito de um dipeptideo
natural e ndo-toxico, conhecido pela sua atividade antioxidante e suas inumeras
outras funcBes benéficas para a saude, no controle da formacdo de compostos
cancerigenos nos alimentos parece ser um desafio muito promissor e pode ser muito

atil do ponto de vista tecnologico e de saude publica.



1 OBJETIVOS

1.1 Objetivo geral

O objetivo geral deste trabalho foi avaliar o efeito do dipeptideo natural

carnosina no controle da formacdo de N-nitrosaminas em sistemas modelo

representando produtos carneos curados, comparando com um antioxidante

normalmente utilizado na industria de carnes (eritorbato de sodio) e com o efeito

sinergético da combinagédo de ambos.

1.2 Objetivos especificos

Desenvolver e validar um método analitico alternativo simples, acessivel e
reprodutivel para a andlise quantitativa de quantidades traco de N-
nitrosaminas em diferentes tipos de produtos carneos curados;

Avaliar o efeito do periodo de armazenamento (sete dias) na formacéo de N-
nitrosaminas em diferentes produtos carneos curados armazenados a baixas
temperaturas apoés a abertura da embalagem (sem vacuo);

Estudar o efeito da carnosina no controle da reacdo quimica de formacao de
N-nitrosaminas em sistema modelo, comparando a um antioxidante
normalmente utilizado na industria de carnes (eritorbato de sédio) e ao efeito
sinergético da combinag¢édo de ambos;

Avaliar o efeito da matriz carnea na performance da carnosina, do eritorbato
de sbdio e da combinagcdo de ambos na inibicdo da reacdo quimica de
formacado de N-nitrosaminas apos sete dias de armazenamento

Comparar a atividade antioxidante da carnosina e do eritorbato de sodio na
presenca e auséncia de cloreto de sodio;

Avaliar o efeito da carnosina, do eritorbato de sédio e da combinagcdo de

ambos nas propriedades tecnoldgicas dos produtos carneos curados cozidos.



2 REVISAO BIBLIOGRAFICA

2.1 A cura em produtos carneos

Devido ao seu pH favoravel, alto valor nutricional e & sua grande quantidade
de &gua disponivel, a carne torna-se um excelente substrato para o desenvolvimento
de microrganismos deteriorantes e até mesmo de microrganismos capazes de
causar danos a saude do consumidor. O processamento de carnes consiste na
transformacdo das mesmas em produtos carneos e visa aumentar a sua vida util,
desenvolver diferentes produtos e sabores e obter um maior aproveitamento da
matéria-prima. O emprego dos aditivos, do calor e do frio, bem como do uso de boas
praticas de fabricacdo possibilitam a obtencdo de produtos carneos saudaveis e
seguros (TERRA, 2005).

O emprego do sal na preservacdo de carnes remonta épocas primitivas e
representa uma das primeiras tentativas satisfatérias na conservagao dos alimentos.
A salga e a defumacdo da carne sdo praticas antigas, realizadas em tempos de
Homero (850 a.C.), onde os produtos carneos eram processados com o objetivo de
conserva-los para o consumo em periodos posteriores (SEN; BADDOO, 1997).
Porém, apenas no século 19 foi descoberto que o nitrato presente como
contaminante no sal apresenta um papel significante na inibicdo do desenvolvimento
de microrganismos (SKIBSTED, 2011; ORDONEZ, 2005). A cura tem um papel
fundamental na inibicdo do desenvolvimento de microrganismos patogénicos, como
0 Clostridium botulinum, além de retardar a oxidacdo lipidica e conferir a cor
caracteristica as carnes curadas (DUARTE, 2010; JUDGE et al., 1989). Outras
contribui¢des do nitrito incluem a producao de flavor, melhoria na textura, prevencéo
do aroma e prevencao da formagdo de warmed-over-flavor (FARIA et al., 2001;
BRANEN et al., 1990).

Para incorporar a mistura de cura nos produtos carneos, sdo utilizadas
diferentes técnicas, como a cura a seco e cura em salmoura. Qualquer que seja 0
método empregado, a exigéncia basica constitui uma boa distribuicdo dos
ingredientes de cura por todo o produto, pois uma distribuicdo inadequada ou
irregular ocasionara o desenvolvimento de uma cura pobre, com possibilidade de

deterioracdo nas areas nao atingidas pela mistura de cura (PRICE; SCHWEIGERT,



18

1994). Além disso, a temperatura da sala de cura também € muito importante para
manter a seguranga dos produtos. Temperaturas que variam entre 2 °C e 4 °C
retardam o crescimento de quase todas as bactérias até que se complete a
penetracdo do sal, porém, permite a0 mesmo tempo, 0 crescimento das bactérias
redutoras de nitratos a nitritos, que sao essenciais quando a cura se faz com sais de
nitrato (MOHLER, 1982).

Os ingredientes classicos da cura sao cloreto de sodio (NaCl), nitratos (NO3’)
e/ou nitritos (NO;) e acUcar (sacarose ou glicose). Os nitratos e nitritos sdo
geralmente adicionados na forma de sais de potassio e de sodio e suas
concentracdes utilizadas variam de 100 a 200 mg/kg, enquanto o cloreto de sodio é
geralmente adicionado em concentracdes de 2 g/kg ou mais (TOLDRA, 2010). Além
destes, alguns produtos podem conter agentes coadjuvantes, tais como fosfatos,
ascorbato ou eritorbato de sédio, sorbato de potassio, glutamato monossadico,
proteinas vegetais hidrolisadas, lactases e temperos (JAY, 2005).

Nitrito (NO2") pode ser formado por reducdo bacteriana ou enzimatica do
nitrato (NO3), e por este motivo, 0 nitrato € normalmente utilizado em produtos
carneos especificos que necessitam de mais tempo para serem produzidos
(presunto, por exemplo), enquanto o nitrito € adicionado em produtos curados que
tem uma preparacao mais rapida (TERRA, 2005). O acido nitroso (HNO,) formado a
partir de nitrito nas condicfes de pH levemente acidas da carne (pH 5,6) constitui
uma reacédo de equilibrio com seu anidrido (N.O3) que por sua vez, também constitui
uma reacdo de equilibrio com os 6xidos NO e NO,. O acido nitroso protonado
(H2NO,") formado em condi¢bes mais acidas constitui um equilibrio com o ion NO*
mas o0s fons metélicos (M*) presentes (como o Fe®*") também podem contribuir para
a formacado do ion. Em concentragBes elevadas de sal, o composto NOCI| também
pode ser formado (SCHEEREN et al., 2015; SKIBSTED, 2011; TOLDRA, 2010;
TERRA, 2005; PEGG; SHAIDI 2000) (reacbes 1 a 7):

2NO3 — 2NO;" + O, (Reacédo 1)
NO, + H" <> HNO, (Reagio 2)

2 HNO;, <> N,O3 + H,0 (Reacao 3)
N2O3 < NO + NO, (Reacéo 4)

HNO, + H" — H,NO," «» NO™ + H,0 (Reagdo 5)
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NO + M" — NO* + M (Reacéo 6)
HNO, + H* + CI" — NOCI + H,0O (Reacéo 7)

O nitrato, por si s6, ndo pode atuar diretamente na inibicdo do crescimento
bacteriano e no desenvolvimento de pigmentos caracteristicos de produtos carneos
curados. As reagOes de cura que ocorrem na carne devem-se aos nitritos e,
principalmente, ao oxido nitrico (NO) formado a partir dele e estdo estritamente
ligadas ao pH e as condi¢cGes redutoras do meio, donde justifica-se a necessidade
de acido ascorbico e seus sais (CgHsOs), bem como de certos acucares e
antioxidantes (TOLDRA, 2010; TERRA, 2005; PEGG; SHAIDI, 2000).

Além disso, a formacdo de compostos intermediarios a partir do acido
ascorbico adicionado aos produtos e, principalmente, a formacéo de S-nitrosotioisos
a partir de grupamentos tidis presentes na carne (como a glutationa e os sitios de
cisteina em algumas proteinas), desempenham um papel importante no
armazenamento e transferéncia do NO e de outros agentes nitrosantes na carne
(SKIBSTED, 2011; PEGG; SHAIDI, 2000). Por esta razédo, o nitrito residual constitui
uma fonte “escondida” de espécies nitrosantes armazenadas no sistema e, portanto,
as reacdes de nitrosacdo podem continuar ocorrendo durante o periodo de
armazenamento do produto, mesmo quando o ascorbato ja tiver sido esgotado.

A concentracdo de nitrito necessaria para ocorréncia dos diversos nos
produtos carneos varia entre 30 e 50 mg/kg para o desenvolvimento de cor, entre 20
e 40 mg/kg para desenvolvimento de aroma, entre 80 e 150 mg/kg para o efeito
conservante e entre niveis de 20 e 50 mg/kg para o efeito antioxidante (TERRA et
al., 2006; LUCKE, 2000; MULLER, 1991).

2.1.1 A cor da carne e o papel do nitrito na alteragéo da cor de produtos curados

A cor é o atributo mais importante da qualidade da carne no momento da
compra porque € a primeira impressdao que o0s consumidores tém de qualquer
produto de carne e, muitas vezes € a base para a selecdo ou rejeicdo do produto
(HOOD; RIORDAN, 1973). A cor da carne fresca € governada em grande medida,
pela concentracdo e natureza quimica das suas hemoproteinas, especialmente de
mioglobina (Mb), e pela temperatura/pH do musculo pds-abate. Quanto maior for o

nivel de mioglobina, mais intensa sera a cor da carne (LEDWARD, 1992).
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A cor vermelha brilhante de carne fresca, devido a oximioglobina (MbO,),
resulta da grande afinidade da mioglobina pelo oxigénio (O,), e é esta cor que o
consumidor associa com a carne fresca. A mioglobina reage rapidamente e
reversivelmente com O, e, consequentemente, a superficie da carne moida fica com
uma cor vermelha brilhante dentro minuntos apds a exposi¢cédo ao ar. No entanto, a
estabilidade da oximioglobina depende de um fornecimento continuo de O, porque
as enzimas envolvidas no metabolismo oxidativo utilizam rapidamente o O,
disponivel (HEDRICK et al., 1994). Com o tempo, a pequena camada de
oximioglobina presente na superficie da carne propaga para baixo, mas a
profundidade que o O, se difunde depende de varios fatores, tais como a atividade
de enzimas que utilizam o oxigénio, a temperatura, o pH, e a pressao externa de O..
Em outras palavras, a medida que o ar se difunde para o interior, um gradiente de O,
e de cor sdo estabelecidas em toda a carne (LEDWARD, 1992).

Em contraste, o tecido interior da carne é vermelho-purpura. Esta € a cor da
mioglobina (algumas vezes chamada desoximioglobina) que persiste enquanto
substancias redutoras geradas no interior das células por atividade enzimatica estao
disponiveis. Quando estas substancias sdo esgotadas, o ferro heme é oxidado ao
estado férrico (Fe**) e forma-se a metamioglobina (metMb), um pigmento marrom,
que é caracteristico da cor da carne deixada em repouso durante um periodo
prolongado de tempo. Na carne fresca existe um ciclo dinamico de tal modo que, na
presenca de O,, 0s trés pigmentos (oximioglobina, mioglobina e metamioglobina)
estdo constantemente interconvertidos; todas as formas estdo em equilibrio um com
o0 outro. Quando a metamioglobina € desnaturada por processamento térmico, a
carne permanece com uma cor marrom, mas este pigmento desnaturado pode ser
oxidado pela agdo bacteriana ou oxidacdo fotoquimica e formar substancias
derivadas da porfirina com colaragdes amarelo, verde ou incolor (PEGG; SHAHIDI,
2000).

Quando os sais de cura sédo adicionados na carne, a reacdo da mioglobina
pode ocorrer diretamente com o nitrito gerando metamioglobina (reagdo 8) o que
promove a mudanca da cor da carne fresca para marrom, e também com o 6xido
nitrico dando origem a um complexo estavel de cor vermelha chamado
nitrosilmioglobina (NOMD) (reacgéo 9) (SKIBSTED, 2011):
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Mb + NO; + H,O — metMb + NO + 20H" (Reacéo 8)
Mb + NO — NOMb (Reacéo 9)

O ascorbato ou eritorbato de sédio normalmente adicionado nos produtos
curados tem um papel coadjuvante nas reacdes de cor devido a sua capacidade de
conservar a mioglobina na forma reduzida (Reacao 10) e contribuir para a formacéao
de nitrosilmioglobina (PEGG; SHAHIDI, 2000).

2 metMb + CgHgOg — 2 Mb + CgHgOp (Reacao 10)

Além disso, acredita-se que 3-nitrosoascorbato (uma das substancias
intermediarias formadas a partir do ascorbato) € capaz de liberar NO- (radical) e
HNO no sistema. Célculos termodinamicos mostram que o 6xido nitrico ndo pode
reduzir a metamioglobina ou nitrosilmetamioglobina (NOmetMb), mas que HNO
pode. HNO é a forma reduzida do O6xido nitrico que, apesar de ndo ter sido
considerada como um intermediario reativo na cura de carnes devido ao seu tempo
de vida curto, pode ser o principal agente nitrosante da metamioglobina, operando

através de uma nitrosacao redutiva (reacao 11) (SKIBSTED, 2011).

metMb + HNO <« NOMb + H* (Reacdo 11)

Apos o tratamento térmico, a parte globina da nitrosilmioglobina € desnatura e
se separa do ferro, gerando o nitrosilmiocromo ou simplesmente hemocromo que € o
pigmento que confere a cor rGsea caracteristica das carnes curadas cozidas. Caso a
mioglobina esteja na forma oxidada (metamioglobina) a aplicacdo do tratamento
térmico e a desnaturacdo da proteina vai gerar um pigmento marrom
(metamioglobina desnaturada) indesejavel nos produtos curados (PEGG; SHAHIDI,
2000).

Em carnes curadas ndo € o nitrito, mas sim 0s pigmentos musculares que
determinam a cor. O nitrito apenas fixa a cor por meio da estabilizacdo da
mioglobina através de uma ligacdo quimica reversivel, do mesmo modo que o
pigmento do musculo é estabilizado pela molécula de oxigénio no sistema bioldgico
do animal vivo ou no sistema de carne post-mortem (DRYDER; BIRDSALL, 1980). A
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estabilidade da cor de um produto curado esta diretamente relacionada com a
manutenc¢ao e concentracéo de nitrosohemocromo no produto final que, por sua vez,
e fortemente dependente da disponibilidade de mioglobina na matéria-prima, que
normalmente é o reagente limitante nas reacdes de cura (FARIA et al., 2001). Uma
cor fraca pode ser um indicio de baixa quantidade de nitrito empregada na cura e do
baixo nivel de nitrito residual. Nos produtos com essa alteragdo a cor interior € rosa
palida e também tende a perder a cor quando exposta ao oxigénio. Além disso, a
descoloracdo também pode ser promovida por fatores como a luz e as reacdes de
oxidacéo da gordura (ROCA, 2001).

As possiveis transformacfes da mioglobina e os pigmentos que podem ser

formados a partir dela estdo sendo mostrados na Figura 1.

Mioglobina Oxigenagao (Oy) Oximioglobina
(vermelho-purpura) (vermelho-brilhante)

Desoxigenagao

NO Reducao| |Oxidacio
Mioglobina nitrosa Oxidagao Metamioglobina
(vermelho) _ _ (marrom)
Reducao + NO
Calor Calor
Hemocromo Oxidagao Metamioglobina
(rosa) Redugao + NO desnaturada

(marrom)

Figura 1 - Formacao de diferentes pigmentos da carne a partir da mioglobina. Fonte:
Terra (2005).

2.1.2 Acao do nitrito como antioxidante

As reacOes de oxidacao de lipidios e proteinas sao responsaveis por graves
prejuizos na industria alimentar devido a formacdo de radicais livres capazes de
reagir com constituintes essenciais do alimento, ocasionando o decréscimo do seu
valor nutricional, além da formac&o de compostos toxicos para o0 organismo humano,
tornando-o impréprio para o consumo (YUNES, 2010; BRUM, 2009; PADILHA, 2007;
SOUZA, 2006; KAHL; HILDEBRANDT, 1986). A oxidagéo lipidica é uma das reagdes
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deteriorativas mais conhecidas dos produtos carneos e € responsavel uma pela
modificacdo de caracteristicas organolépticas, causando alteracfes na coloracdo da
carne e producéo de odores e flavors ofensivos, o que limita a vida de prateleira e a
estabilidade comercial destes alimentos (TERRA et al., 2008). Pode ocorrer durante
0 processamento, armazenamento, distribuigcdo e o preparo dos mesmos.

Os produtos curados tem caracteristicas Unicas de flavours e, em contraste
com a carne fresca, ndo desenvolvem rancidez nem WOF (warmed-over-flavour,
termo utilizado para aromas e sabores oxidados) mesmo depois da aplicacdo do
tratamento térmico. Além disso, a capacidade de manter os pigmentos da
mioglobina em um estado de oxidag&o reduzido garantindo a estabilizagéo da cor, e
a capacidade de atrasar a oxidacao lipidica durante o periodo de armazenamento de
carnes curadas evidencia a estabilidade oxidativa destes produtos (SKIBSTED,
2011; PEGG; SHAHIDI, 2000).

Existem varias hipoteses que explicam os mecanismos do nitrito como inibidor
das reacdes de oxidacdo. Uma delas é a de que o nitrito age diretamente como
antioxidante nos produtos carneos curados, especialmente em valores de pH mais
baixos (reagéo 12), atuando como quelante do ferro (Fe®*) e como estabilizante de
lipidios insaturados (SKIBSTED, 2011).

NO,; + H,O + e — NO + 20H" (Reacao 12)

No entanto, o 6xido nitrico (NO) também parece ser aceito como uma das
especies que neutralizam radicais livres intermediarios nas reagdes de oxidagdo em
produtos curados. Acredita-se que o NO pode combinar com radicais peroxila
(ROOQO¢) (reagao 13) para formar produtos nao-radicais, contribuindo para a quebra
do efeito em cadeia caracteristico das reacdes de oxidagcdo. O NO também pode
reagir rapidamente com outros radicais livres incluindo radicais alquila hidroxila
(HOe) (reacédo 14), anion superoxido (Oe;) (reacdo 15), alquila (Re) e alcoxi (RO-¢)
(SKIBSTED, 2011).

NO + ROO* - ROONO — RONO, (Reacao 13)
NO + HO» — HNO, — H" + NO,’ (Reacdo 14)
NO + O+, - ONOO™ — NO3 (Reacao 15)
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Compostos nitrosilados ferro-porfirinicos também podem reagir com o0s
radicais livres formados nos estagios iniciais das reac¢des oxidativas. Desta maneira,
acredita-se que o0 conjunto dos varios mecanismos envolvendo as diferentes
espécies nitrogenada antioxidantes, e ndo apenas um, Sa0 responsaveis pela
estabilidade oxidativa de produtos curados e podem agir em diferentes fases das
reagdes de oxidagao:

(1) Formacdo de um complexo estavel entre pigmentos heme e nitrito, e assim
previne a libercdo do ferro da molécula de porfirina;

(2) Estabilizacdo dos lipidios insaturados dentro das membranas dos tecidos
musculares contra a oxidacao;

(3) Acao do nitrito como um metal quelante, sequestrando metais traco na carne,
bem como alguns ions de ferro ndo-heme liberados dos pigmentos heme
desnaturados;

(4) Interacdo com biomoléculas presentes na carne e formagdo de compostos
nitroso e nitrosil, os quais possuem propriedades antioxidativas, atuando

como sequestradores de radicais livres.

2.2 Riscos toxicologicos do nitrito e a formagéo de N-nitrosaminas

Apesar das inlUmeras vantagens de cura, ha controvérsias em relacdo a
seguranca dos produtos carneos curados. InUmeras pesquisas questionam a
seguranca dos nitratos e nitritos, que sdo amplamente empregados em alimentos. O
uso destes aditivos preocupa a comunidade cientifica mundial em funcdo dos riscos
toxicolégicos a saude humana, que estdo inteiramente ligados a presenca de
excessiva quantidade de nitratos e nitritos ingerida, a elevada frequéncia de
consumo e a susceptibilidade do organismo (DUARTE, 2010). O nitrito residual
presente nos alimentos e in vivo pode reagir com aminas (principalmente as
secundarias), formando N-nitrosaminas, algumas das quais apresentam potencial
atividade cancerigena e podem aumentar o risco de cancer colo-retal e de estbmago
(OOSTINDJER et al., 2014; BRYAN; VAN GRINSVEN, 2013; PUSSA, 2013;
ANDREE et al., 2010; SANTARELLI et al., 2008; REINIK et al., 2005). Aminas
primarias ndo sao consideradas precursoras de N-nitrosaminas pois sao

imediatamente degradadas a alcool e a nitrogénio. As aminas terciarias ndo sao
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consideradas precursoras para a formacao de N-nitrosaminas em carnes curadas. O
nitrito novamente ndo € a principal espécie nitrosante, mas sim as espécies
nitrogenadas formadas a partir dele tais como NO*, N,O; e NOCI (TOLDRA, 2010;
PEGG; SHAHIDI, 2000). A representacao da reacao de formacdo de N-nitrosaminas

a partir das precursoras € apresentada na Figura 2:

Aminas primarias

He 0=N<_
NO*/N,0, + N-R N —R + H*/HNO, —> R-OH + N,
H” H” i )

l

Aminas secundarias

R R
R R” —

Aminas terciarias
R\
NO™/N,0; + N—R ——> Nio hd rea¢do
R/
Figura 2 - Formacdo de N-nitrosaminas a partir de diferentes estruturas de aminas
precursoras. Fonte: Pegg; Shahidi (2000); Honikel (2008).

De acordo com uma nota de imprensa publicada pela Organizacdo Mundial
da Saude (OMS) em 2015, a carne vermelha foi classificada como “possivelmente
cancerigena para humanos” e carnes processadas foram classificadas como
“cancerigenas para humanos”. Esta publicacdo preocupou consumidores de carnes
do mundo todo devido a confusdo causada pela publicacdo, onde foi relatado que
um consumo diario de uma porcao de 50 gramas de carne processada aumenta
18% o risco de desenvolver cancer colo-retal (WHO, 2015). N-nitrosodietilamina
parece ser a N-nitrosamina encontrada em produtos carneos curados que apresenta
0 maior potencial cancerigeno, seguida de N-nitrosodimetilamina, N-nitrosopirrolidina
e N-nitrosopiperidina (SCHEEREN et al., 2015; HERRMANN et al., 2014).

A quimica de nitrosacdo na formacédo de N-nitrosaminas € muito complicada e
depende da temperatura, do pH, e a presenca e a basicidade de aminas
secundarias. Em temperaturas elevadas, ocorre a liberacdo do ferro (Fe?") da

mioglobina e na presenca de nitrito este ferro é oxidado (Fe®") (reacéo 16) e pode
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reagir com o Oxido nitrico (NO) gerando o ion NO* (reacdo 6) (FAUSTMAN et al.,
2010; TOLDRA, 2010; HONIKEL, 2008):

NO, + Fe®* + H" — Fe® + NO + OH" (Reaction 16)

A dependéncia do pH estd relacionado com a formacdo de agentes
nitrosantes. Quanto mais baixo o pH, mais a formacéo de agentes nitrosantes como
H,NO,"/NO*, N,Os; e NOCI é estimulada enquanto a concentracdo de amina
precursora nao-protonadas diminui. Portanto aminas levemente basicas, como
morfolina (pKa = 8,7) sdo nitrosadas mais rapidamente do que as aminas fortemente
basicas, como dimetilamina (pKa = 10,7) (ANDREE et al., 2010). A Tabela 1 traz os
valores de pKa de diferentes aminas secundarias formadoras de N-nitrosaminas

volateis ja encontradas nos produdos curados.

Tabela 1 - Valores de pKa de diferentes aminas secundarias formadoras de N-
nitrosaminas.

Amina precursora pKa N-nitrosamina formada
Dimetilamina 10.6 N-nitrosodimetilamina
Metiletilamina 10.5 N-nitrosometiletilamina

Dietilamina 10.6 N-nitrosodietilamina
Pirrolidina 11.4 N-nitrosopirrolidina
Hydroxipirrolidina 14.85 N-nitroso-3-hydroxipirrolidina
Dipropilamina 10.77 N-nitroso-dipropilamina
Morfolina 8.5 N-nitrosomorfolina
Piperidina 104 N-nitrosopiperidina
Dibutilamina 10.75 N-nitrosodibutilamina
Difenilamina <0 N-nitrosodifenilamina
Dibenzilamina 9.12 N-nitrosodibenzilamina
Tiazolidina 8.60 N-nitrosotiazolidina

Fonte: Chemicalize, 2015.
Em carnes frescas, ha uma quantidade muito pequena de aminas precursoras

presentes. A maior parte das aminas encontradas em carnes derivam da creatina e
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creatinina ou de aminoacidos como prolina e hidroxiprolina e sédo formadas durante a
maturacdo e fermentagdo dos produtos carneos. Tendo em vista os diferentes
processamentos empregados nha industria de carnes, a ocorréncia e concentracao
de N-nitrosaminas encontradas pode variar significativamente nos mais diversos
produtos carneos. Isto ocorre devido a diferenca de aminas precursoras geradas
durante os diversos processamentos. As N-nitrosaminas volateis mais com
comumente encontradas nos produtos carneos sdo N-nitrosodimetilamina, N-
nitrosopiperidina, N-nitrosopirrolidina (TRICKER, 1997). N-nitrosodimetilamina é o
composto cancerigeno mais frequentemente detectado em produtos carneos e é
formado a partir da dimetilamina gerada por decomposicdo de lecitina, sarcosina,
creatina e creatinina. A formacéo de N-nitrosopiperidina requer piperidina, que pode
resultar da hidrélise alcalina da piperina. Acredita-se que a pirrolidina (formadora da
N-nitrosopirrolidina) pode ser formada a partir da descarboxilacdo da prolina em
temperaturas elevadas (frituras) e também a partir de aminas biogénicas como

putrescina, spermina ou spermidina (ANDRE et al., 2010).

2.3 Monitoramento e regulacdo da formacao de N-nitrosaminas nos produtos

carneos

Levando-se em consideracdo a ampla utilizacdo dos aditivos de cura na
producado de alimentos carneos processados e o alto consumo destes produtos, é de
fundamental importancia que se tenha um controle destas substancias no que se
refere a quantidade adicionada nos alimentos. Visando controlar o nivel do nitrito em
produtos carneos, o Ministério da Saude (BRASIL, 1998), na Portaria n°® 1.004,
estabeleceu, um limite de 150 mg/kg de nitrito em produtos carneos excetuando o
charque. No Canada, o nivel maximo de nitrito permitido na maior parte dos
produtos € de 200 mg/kg (como sais de sodio ou potassio), com excecao do bacon
gue pode conter até 150 mg/kg deste aditivo (SEM; BADDOO, 1997). Nos Estados
Unidos, o Departamento de Agricultura (USDA) regulamenta que o uso de nitrito,
nitrato ou a combinagcao dos dois nédo deve ultrapassar 200 mg/kg no produto final,
mas em alguns produtos este valor é diferenciado (PEARSON; GILLETT, 1996). Em
produtos estéreis enlatados, o valor maximo permitido de nitrito residual € 50 mg/kg
(PRICE; SCHWEIGERT, 1994). Na Uniao Européia, uma adicdo de 150 mg/kg de
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nitrito € permitida em todos os produtos cérneos, além de 150 mg/kg de nitrato em
produtos carneos ndo cozidos (TOLDRA, 2010).

S&0 poucos os paises onde existe uma regulamentacéo especifica para o teor
de N-nitrosaminas nos alimentos. Nos Estados Unidos, um valor maximo de 10
Hg/kg de N-nitrosaminas é permitido em produtos carneos curados (USDA 2011). A
agéncia de Inspecdo de Alimentos no Canada estabelece niveis méximos de 10
pMog/kg para N-nitrosodimetilamina (NDMA), N-nitrosodietilamina (NDEA), N-
nitrosodipropilamina (NDPA), N-nitrosodibutilamina (NDBA), N-nitrosopiperidina
(NPIP) e N-nitrosomorfolina e de 15 pg/kg para N-nitrosopirrolidina (NPIR) em
carnes curadas (CANADA, 2003). Nos paises em desenvolvimento e, em particular,
na América Latina, além de ndo existir um monitoramento de compostos N-nitrosos
em alimentos, ndo existe uma legislacdo definida para esses, com excecao do Chile
que permite um limite de 30 pg/kg de NDMA em produtos carneos (RATH; REYES,
2011).

A regulamentacdo destes compostos tem focado principalmente na
determinacdo de N-nitrosaminas volateis provavelmente devido aos seus efeitos
cancerigenos conhecidos. Uma menor atencdo a analise de N-nitrosaminas nao-
volateis também pode ser atribuida as dificuldades relacionadas aos métodos de
extracdo e técnicas de separacdo inerentes a estes compostos (PEGG; SHAIDI,
2000). Os primeiros procedimentos de extracdo de N-nitrosaminas em produtos
carneos (incluindo o método oficial) empregam destilacdo em meio alcalino e
combinacdo com extracdo liquido-liquido utilizando solventes organicos
(normalmente diclorometano), seguido de concentracdo do extrato e limpeza da
amostra. Estes procedimentos podem ser extremamente longos e consumir grandes
guantidades de solvente organico. Além disso, como estes compostos nitrosos
cancerigenos sao normalmente encontrados em quantidades traco nos alimentos,
faz-se necessario 0 uso de equipamentos especificos com detectores altamente
sensiveis para estes compostos (SCHEEREN et al.,, 2015). A extracdo de N-
nitrosaminas em alimentos através de métodos mais simples e rapidos e que gerem
um menor volume de solventes organicos, além do desenvolvimento de métodos
analiticos mais sensiveis, precisos e confiaveis para a determinacao de quantidades
traco de N-nitrosaminas é de grande importancia e utilidade no monitoramento do
nivel destes compostos cancerigenos formados nos alimentos, porém ainda é um

grande desafio.
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2.4 Controle da formagao de N-nitrosaminas em produtos curados

2.4.1 O papel do ascorbato na redugao das N-nitrosaminas

Nas ultimas décadas, o acido ascorbico (ou seus sais ascorbato, isoascorbato
ou eritorbato) tem sido usado simultaneamente com os sais de cura devido ao seu
papel coadjuvante na formagdo e manutencdo da cor especifica dos produtos
curados e a sua importante capacidade antioxidante através de varios mecanismos,
incluindo captura de radicais livres, quelacdo de metais de transicdo e capacidade
redutora. Além disso, este antioxidante contribui para reduzir a producdo da toxina
botulinica em a¢&o conjunta com o sal (SKIBSTED, 2011; TOLDRA, 2010).

Mais recentemente, o emprego do acido ascoérbico em produtos carneos
curados também vem sendo associado ao controle da formacao de N-nitrosaminas e
embora todos os mecanismos ainda n&o tenham sido totalmente elucidados,
algumas sequencias de reacdes ja sdo conhecidas (SKIBSTED, 2011; TOLDRA,
2010; TANNENBAUM; WISHNOK; LEAF, 1991). Ascorbato ou eritorbato oxida na
presenca de &cido nitroso e gera Oxido nitrico (reagéo 17):

CeHgOg + 2HNO, — CegHgOg + 2NO + 2H,0 (Reagéo 17)

A cinética desta reacao esta ligada ao pH do meio, sendo que com o aumento
do pH a reatividade do &cido ascoérbico/ascorbato aumenta, enquanto a reatividade
do acido nitroso/nitrito aumenta com o decréscimo do pH (Figura 3). Em condi¢cbes
mais acidas, a rota da reacdo pode ser através das espécies H,NO,"/NO*. Nas
condi¢cdes de pH da matriz carnea, a reacdo entre a forma anidra do &cido nitroso
(N2O3) e ascorbato monohidrogenado prevalece. O acido nitroso reage mais rapido
com ascorbato do que com aminas secundarias, 0 que auxilia na prevencdo de

compostos N-nitrosos carcinogénicos (SKIBSTED, 2011).
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Figura 3 - Reacédo do ascorbato com acido nitroso. Fonte: Skibsted, 2011.

A reacédo da forma anidra do acido nitroso com o ascorbato monohidrogenado

promove a formacao de varios intermediarios que também podem agir como agentes
nitrosantes (reacao 18 e Figura 4).

CeH;06 + N2O3 — intermediarios da reacao (Reacéo 18)
O O
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Figura 4 - Intermediarios formados na reacdo entre o nitrito e acido ascorbico em
carnes curadas. Fonte: Skibsted, 2011.
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Desta maneira, a capacidade do ascorbado em reduzir a formacdo de N-
nitrosaminas pode ser atribuido & sua capacidade de reagir com HNO,, N,O3z e NO,
reduzindo a concentracdo destas espécies nitrosantes que sao responsaveis pela
formacdo capazes dos compostos cancerigenos em questdo (SKIBSTED, 2011,
TANNENBAUM; WISHNOK; LEAF, 1991).

2.4.2 Alternativas naturais para o problema do nitrito em produtos carneos

O mercado de alimentos mais naturais vem crescendo mundialmente, ja que
0os consumidores estdo cada vez mais interessados em alimentos menos
processados, que ndo contenham conservantes quimicos ou contenham uma
quantidade reduzida destes (SEBRANEK; BACUS, 2007; SINDELAR, 2006). Como
resposta ao mercado, cada vez mais pesquisas tem sido desenvolvidas visando
encontrar alternativas para reduzir ou eliminar a adicdo do nitrito através da sua
substituicdo por compostos naturais capazes de agir em pelo menos uma das suas
funcdes tecnoldgicas, mantendo a qualidade e a seguranca dos produtos. Um
exemplo sdo os compostos antimicrobianos de ocorréncia natural presentes em
especiarias, ervas ou 6leos essenciais, incluindo terpenos, cumarinas, e flavondides
(KIM; MARSHAL; WEI, 1995) ou obtidos naturalmente a partir de micrébios (como a
nisina) ou por fontes animais (como polipeptideos) (GAYSINSKY; WEISS, 2007).
Devido a baixa eficacia destes compostos em comparacao ao nitrito, a combinacgéo
a de agentes antimicrobianos naturais pode ser necessaria (NTZIMANI,
GIATRAKOU; SAVVAIDIS, 2010; SOFOS, 2008).

A substituicdo dos sais de nitrito por extratos vegetais naturais que
contenham uma alta concentracdo de nitrato também tem sido investigada. O
emprego do extrato de aipo, cenoura, beterraba e espinafre como substitutos do
nitrito em produtos carneos curados ja foi estudo (WEISS et al., 2010; SEBRANEK;
BACUS, 2007; SINDELAR, 2006; FISCHER et al., 2005). Esta alternativa é
empregada como uma forma de producéo orgéanica de carnes curadas (SEBRANEK;
BACUS, 2007) e produz alimentos que exibem algumas propriedades tipicas (cor,
aparéncia e estabilidade durante o periodo de armazenamento) dos produtos
curados com sais de nitrito e nitrato. O efeito tecnoldégico destes extratos naturais é

atribuido a converséo do nitrato com nitrito através do uso de bactérias redutoras, ja



32

que o nivel de nitrito geralmente é baixo nestes ingredientes. Todavia, muitas vezes
estes extratos naturais podem conter concentragdes de nitrato maiores que o nivel
permitido pela legislacdo para a formulacdo dos produtos carneos curados. Além
disso, a extracdo adicional de residuos e contaminantes provenientes dos vegetais
nao pode ser desconsiderada, aumentando as chances de uma contaminagao
indesejada  nos produtos (OLMEDILLA-ALONSO; JIMENEZ-COLMENERO;
SANCHEZ-MUNIZ, 2013; ANDREE et al., 2010; WEISS et al., 2010; HONIKEL,
2008).

Uma alternativa interessante e que tem sido cada vez mais estudada como
forma de reduc@o da utilizagdo dos sais de nitrito em alimentos é através do
emprego de antioxidantes naturais. Em contraste com os antioxidantes sintéticos, a
guantidade de antioxidantes naturais nao € rigorosamente regulamentada na maioria
dos paises, 0 que contribuiu para o aumento do emprego destes compostos nas
indUstrias de alimentos. Temperos e especiarias como alecrim (Rosmarinus
officinalis L.), orégano (Origanum vulgare L.), ou salvia (Salvia officinalis L.) contém
substancias ativas na inibicdo da oxidacdo, como compostos fendlicos, derivados do
acido hidroxicinamico, flavondides e triterpenos. Além disso, substancias como a-
tocoferol (vitamina E), acido ascérbico (vitamina C), licopeno e luteina tém
demonstrado um efeito ndo apenas na reducdo da oxidacgao lipidica, mas também
contém efeitos benéficos para a saude (GRANADO-LORENCIO et al., 2010;
HERNANDEZ-HERNANDEZ et al., 2009; RYAN et al., 2009; BOON et al., 2008;
OBERDIECK, 2004; FERNANDEZ-LOPEZ et al., 2003; SANCHEZ-ESCALANTE et
al., 2003).

Todavia, apesar do desenvolvimento de muitas pesquisas que busquem
alternativas para solucionar o problema do nitrito nos alimentos, ainda néo foi
encontrada nenhuma substancia capaz de substituir totalmente este agente de
conservacgao. Os diferentes efeitos que a adicdo de nitrito tem sobre o metabolismo
dos microrganismos patogénicos € a principal razdo pela qual o composto € téao
eficaz e uma pequena concentracdo é suficiente para causar uma inibicdo de largo
espectro nos agentes patogénicos nos alimentos. Somado a isso, seu efeito no
desenvolvimento da cor e flavor especificos de carnes curadas e agdo antioxidante
dificultam ainda mais a sua substituicAo na preservacdo de produtos carneos
(OLMEDILLA-ALONSO; JIMENEZ-COLMENERO; SANCHEZ-MUNIZ, 2013;
ANDREE et al., 2010; WEISS et al., 2010; DAVIDSON; SOFOS; BRANEN, 2004).
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2.4.2.1 Carnosina

Enquanto antioxidantes ndo intrinsecos da carne tem sido adicionados na
elaboracdo de produtos curados, a capacidade antioxidante de peptideos intrinsecos
também tem sido investigada. A carnosina é um dipeptideo natural, ndo-téxico,
composto de B-alanina e L-histidina (Figura 5) encontrado no musculo esquelético
de diferentes espécies animais como porco, bovino, peru, dentre outros. Masculos
anaerobicos tém concentracbes mais elevadas do carnosina comparado aos
musculos aerdbicos. Descoberto em 1900 como um composto nitrogenado nao
proteico em carnes, este composto natural tem sido relacionado a inUmeras acdes
fisiolégicas positivas (Figura 5), principalmente por sua importante protecéo
antioxidante, atribuida a sua capacidade de quelacdo de metais e captura de
radicais livres. Outras possiveis fun¢des bioguimicas de carnosina incluem a sua
capacidade de agir como tamponante, imunoestimulante, capturador de carbonilas e
inibidor das reacfes de glicacdo. As propriedades bioquimicas deste dipeptidio
conduzem aos seus humerosos papéeis fisioldégicos positivos, tais como a prevencgao
da diabetes, osteoporose, neurodegeneracdo, perda de visdo, audicdo e funcgao
imunolégica. AcgBes anti-stress, anti-inflamatoérias, curativas e imunomoduladoras
também foram claramente demonstradas (BOLDYREV; ALDINI; DERAVE, 2013;
QUINN; BOLDYREVT; FORTNAZUYLCL, 1992).
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Figura 5 - Estutura e fungbes fisiologicas da carnosina. Fonte: Boldyrev; Aldini;
Derave (2013).
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A maior parte dos estudos que avaliam o efeito do aumento da concentragéo
de carnosina em carnes estao relacionadas com a sua capacidade protetora contra
a oxidacao lipidica ou contra a formacdo de metamioglobina (ALIANI et al., 2013;
WEISS et al., 2010; DAS; ANJANEYULU; BISWAS, 2006; DJENANE et al., 2003;
LEE; HENDRICKS; CORNFORTH, 1999). Entretanto, varios estudos tém
demonstrado o impacto da carnosina na producdo, metabolismo e atividade do 6xido
nitrico (NO). Algumas rotas para reacles fisiologicas envolvendo NO foram
sugeridas, mas seus mecanismos ainda nao foram claramente compreendidos e
ainda h4 muito a ser revelado (BOLDYREV; ALDINI; DERAVE, 2013; HIPKISS,
2009). Ainda ha uma aparente contradicdo na literatura, onde alguns estudos
demonstram o efeito estimulante do bipeptideo na producédo de NO, enquanto outros
indicam sua funcéo inibitéria na formacdo do NO (BOLDYREV; ALDINI; DERAVE,
2013; HIPKISS, 2009). De acordo com Hipkiss (2009), ainda que a sua funcéo no
mecanismo das reacdes de nitrosacdo nao esteja totalmente desvendada, a
carnosina parece desempenhar um papel importante na geracdo de NO, mas
também na protecao contra o excesso da producdo de NO em sistemas bioldgicos,
provavelmente devido a sua capacidade de controlar enzimas sintetizadoras de
oxido nitrico.

Apesar da relacdo da carnosina na rota metabdlica do 6xido nitrico (NO) ser
reconhecida, ndo ha relatos cientificos disponiveis demonstrando o efeito deste
antioxidante natural na formacdo de N-nitrosaminas. Portanto, a idéia de avaliar o
efeito deste peptideo nao-tdxico, que contém inimeros efeitos benéficos para a
saude, no controle da formacédo de compostos cancerigenos nos alimentos parece
ser um tema muito Gtil em termos de saude publica. Além disso, a conhecida
capacidade protetora da carnosina contra a oxidacao lipidica ou contra a formacao
de metamioglobina, ja induz a idéia da utilizacdo deste composto natural como
alternativa para reducao do nitrito em produtos curados e, portanto, no controle
indireto da formacdo de N-nitrosaminas. Porém, a busca por possibilidades de
minimizar diretamente o problema da geracdo de compostos cancerigenos sem a
necessidade de pdr em risco a seguranca dos alimentos através da reducao do
nitrito, € um desafio muito promissor também do ponto de vista tecnolégico e de

extrema importancia para a industria de alimentos.
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A simple, accessible and reproducible method was developed and validated as an alternative for the determination of nine
volatile N-nitrosamines (NAs) in meat products, using a low volume of organic solvent and without requiring specific
apparatus, offering the possibility of practical implementation in routine laboratories. The NAs were extracted with
dichloromethane followed by a clean-up with phosphate buffer solution (pH 7.0). The extracts were analysed by gas
chromatography-chemical ionisation/mass spectrometry (GC-CI/MS) in positive-ion mode using methanol as reagent.
Limits of detection and quantification, recovery and reproducibility were determined for all NAs (N-nitrosodimethylamine,
N-nitrosomethylethylamine, N-nitrosodiethylamine, N-nitrosopyrrolidine, N-nitrosodipropylamine, N-nitrosomorpholine,
N-nitrosopiperidine, N-nitrosodibutylamine and N-nitrosodiphenylamine). Satisfactory sensitivity and selectivity were
obtained even without concentrating the extract by solvent evaporation, avoiding the loss of the nine NAs studied.
Limits of detection ranged from 0.15 to 0.37 pg kg ', whereas limits of quantification ranged from 0.50 to
1.24 pg kg™'. Recoveries calculated in cooked ham that had been spiked at 10 and 100 pg kg™ were found to be between
70% and 114% with an average relative standard deviation of 13.2%. The method was successfully used to analyse five
samples of processed meat products on the day of purchase and 7 days later (after storage at 4°C). The most abundant NAs
found in the analysed products were N-nitrosodipropylamine and N-nitrosopiperidine, which ranged from 1.75 to
34.75 pg kg ! and from 1.50 to 4.26 pg kg ™', respectively. In general, an increase in the level of NAs was observed
after the storage period. The proposed method may therefore be a useful tool for food safety control once it allows assessing
the profile and the dietary intake of NAs in food over time.

Keywords: N-nitrosamines; meat products; liquid extraction; methanol chemical ionisation; gas chromatography/mass

spectrometry

Introduction

Because of its high nutritional value and the presence of a
large amount of free water, meat is an ideal environment
for microbial growth and spoilage. Meat processing with
appropriate ingredients enables better use of this protein
source through the production of a variety of meat
products with distinct flavours, and improved shelf-life
and safety (Terra 2005). Salt has been used to preserve
meat since ancient times, but it became evident only in the
19th century that the nitrate present as a contaminant in
salt had a significant role in the inhibition of microorgan-
isms (Skibsted 2011). The conversion of nitrate to nitrite
promotes the curing of meat. Nowadays, however, potas-
sium and sodium salts of nitrite and nitrate are commonly
used in curing mixtures to inhibit the growth of
Clostridium botulinum, retard lipid oxidation, and confer
to cured meats their characteristic colour, taste and aroma
(Pegg & Shaidi 2000).

In spite of these advantages of curing, controversies
surround the safety of cured meat products (Bryan &

van Grinsven 2013; Piissa 2013; Oostindjer et al. 2014).
Numerous studies have questioned the toxicological
risks that consumption of nitrates and nitrites pose to
human health (Demeyer et al. 2008; Andrée et al. 2010).
The main concern is the reaction of the nitrosating
species such as NO" and N,O; (formed from residual
nitrite) with primary and secondary amines to form
N-nitrosamines (NAs), which may exhibit potential gen-
otoxicity and increase the risk of gastric and colorectal
cancer (Andrée et al. 2010; Herrmann et al. 2014;
Oostindjer et al. 2014). Table 1 shows the NAs and
N-nitroso-amino acids found in meat products (Massey
et al. 1991; Tricker & Preussmann 1991; Herrmann
et al. 2014), their volatility (Massey et al. 1991;
Andrée et al. 2010), and their toxicity (Tricker &
Preussmann 1991; Bull et al. 2006; Herrmann et al.
2014; MSDS 2014). N-nitrosodiethylamine (NDEA)
appears to be the most potent carcinogenic NA found
in meat products, N-nitrosodimethylamine (NDMA) has
lower potency, and N-nitrosopyrrolidine (NPYR) and
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Table 1. Properties of N-nitrosamines and nitroso-amino acids
found in meat products.

MW
Name (g) Volatility Toxicity
N-nitrosodimethylamine (NDMA) 74.08 \'% C, M
N-nitrosomethylethylamine 88.11 v C
(NMEA)
N-nitrosodiethylamine (NDEA) 102.14 \'% C
N-nitrosopyrrolidine (NPYR) 100.12 v C
N-nitroso-3-hydroxypyrrolidine 116.14 V C
(NHPYR)
N-nitrosodipropylamine (NDPA) 130.19 V C
N-nitrosomorpholine (NMOR) 116.12 \'% C
N-nitrosopiperidine (NPIP) 114.15 \Y C
N-nitrosodibutylamine (NDBA) 15824 V C
N-nitrosodiphenylamine (NDPH) 198.22 A" M
N-nitrosothiazolidine (NTHZ) 118.16 \% NDA
N-nitroso-2-methylthiazolidine 132.03 NV NDA
(NMTHZ)
N-nitroso-2- 148.03 NV NDA
hydroxymethylthiazolidine
(NHMTHZ)

N-nitrosodibenzylamine (NDBzA) 226.28 NV M

N-nitrosothiazolidine-4-carboxylic ~ 162.00 NV NDA
acid (NTCA)

N-nitroso-2-methyl-thiazolidine- 176.02 NV NDA
4-carboxylic acid (NMTCA)

N-nitroso-2-hydroxymethyl-3- 192.19 NV NDA
thiazolidine-4-carboxylic acid
(NHMTCA)
N-nitrososarcosine (NSAR) 118.03 NV NDA
N-nitrosoproline (NPRO) 144.13 NV NC

N-nitrosohydroxyproline (NHPRO) 160.13 NV NC

N-nitrosopipecolic acid (NPIC) 158.15 NV NDA

N-nitrosooxazolidine-4-carboxylic  146.10 NV NDA
acid (NOCA)

N-nitroso-5-methyloxazolidine- 160.13 NV NDA
4-carboxylic acid (NMOCA)

N-nitroso-N-(1-ethylacetonyl)-2- 17222 NV C
methylpropylamine (NMAMPA)

N-nitroso-N-(1-ethylacetonyl)-3- 186.25 NV NDA
methylbutylamine (NMAMBA)

Note: MW, molecular weight; V, volatile; NV, non-volatile; C, carcino-
genic; NC, non-carcinogenic; M, mutagenic; NDA, no data available.

N-nitrosopiperidine (NPIP) are even less potent
(Herrmann et al. 2014). N-nitrosoproline (NPRO) and
N-nitrosohydroxyproline (NHPRO) have been shown to
be non-carcinogenic (Herrmann et al. 2014).

Only a few countries have specific regulations for the
content of NAs in food. In the United States the max-
imum permitted amount of volatile nitrosamines is
10 pg kg in cured meat products (USDA 2011).
The Canadian Food Inspection Agency has established
a maximum level of NAs of 10 pg kg ' for
NDMA, NDEA, N-nitrosodipropylamine (NDPA), N-
nitrosodibutylamine (NDBA), NPIP and N-nitrosomor-
pholine (NMOR), and 15 pg kg ' for NPYR in cured

meats (Rath & Reyes 2011). To the best of our knowl-
edge, there is no specific regulation regarding nitroso
compounds in foods in South American countries, except
Chile which allows a maximum of 30 pg kg™' of NDMA
in meat products (Rath & Reyes 2011).

NAs can be either volatile (VNAs) or non-volatile
(NVNAs), but most studies of nitroso compounds in
food has been mainly focused on the determination of
VNAs, presumably due to their known carcinogenic
effects and their regulated levels in meat products.
The lesser attention to the analysis of NVNAs may be
also attributable to the inherent difficulties of the
extraction and concentration methodologies and
separation techniques associated with these compounds
(Pegg & Shaidi 2000). There are distinct differences in
the analytical methods for VNAs and NVNAs: both
can be determined by HPLC, but GC is used only for
VNAs (Bellec et al. 1996; Cheng & Tsang 1999; Crews
2010).

The primary NAs extraction procedures from meat
products (including the official method) employ distilla-
tion in alkaline medium and combination of liquid-liquid
extraction using relatively low polarity organic solvents
(usually dichloromethane), followed by concentration of
the extract on Kuderna—Danish (K-D) and a two-step SPE
method with Extrelut and Florisil as sorbents (AOAC
1990; Huang et al. 2013). These extraction procedures
can be extremely long and consume large amounts of
organic solvent. Furthermore, the K-D concentration step
is challenging because VNAs are highly volatile. The
extraction of NAs in foods by simple methods that can
reduce the procedure time and generate the least amount
of organic solvents is definitely needed but poses chal-
lenges, as shown by some studies (Raoul et al. 1997,
Andrade et al. 2005). Determination of NAs from pork
sausages using solid-phase micro-extraction (SPME) was
carried out by Andrade et al. (2005). Even though it is a
simple method that allows fast analysis, SPME without the
use of solvents requires careful optimisation of various
parameters, the equilibrium of NAs between the sample
and the fibre is not always reached despite the use of
lengthy extraction times, and the extraction efficiency
appears to be too low for most major NAs (Sen et al.
1997; Ventanas et al. 2006). Other methods have
been alternatively developed for VNAs determination in
meat products, including microwave-assisted extraction
(Campillo et al. 2011; Huang et al. 2013; Ramezani
et al. 2014), supercritical fluid extraction (Sanches
Filho et al. 2007), and superheated water extraction
(Chienthavorn et al. 2014). However, these methods
require the availability of specific apparatus that is limited
to laboratories that can afford it.

Since these harmful N-nitroso compounds are com-
monly present in foods in trace quantities (in the range



of micrograms per kilogram), the use of equipment with
specific and highly sensitive detectors is also required. A
large number of studies have used thermal energy analy-
sers (TEAs) (Massey et al. 1991; Byun et al. 2004),
ultraviolet (UV) (Bellatti & Parolari 1982) or chemilumi-
nescence (nitric oxide analyser — NOA) (Ozel et al. 2010;
Kocak et al. 2012) detectors to determine NAs in a variety
of food matrices. The MS systems available nowadays
have relatively higher specificity in comparison with
TEAs and UV detectors. Moreover, because of their lim-
ited versatility and relatively high cost, TEAs and NOAs
are not available in most laboratories (Herrmann et al.
2014). A method based on acetonitrile extraction and
LC-MS using atmospheric pressure chemical ionisation
(APCI) and electrospray ionisation (ESI) (LC-APCI/ESI/
MS/MS) to determine VNAs and NVNAs in processed
meat products has been developed (Herrmann et al. 2014).
The instrument has advantages of sampling, and because
of its high sensitivity and large sample capacity, very low
amounts of compounds can be quantified. However,
although found in many analytical laboratories, the acqui-
sition of such equipment and its maintenance are still
expensive. Another recent report describes the determina-
tion of VNAs by GC-CI/MS/MS using ammonia as gas
reagent for the CI (Sannino & Bolzoni 2013). The LODs
ranged from 0.3 to 0.4 pg kg ', indicating the feasibility
of the method for the determination of NAs. However, the
extraction step involves large quantities of organic sol-
vents and the method is a laborious procedure since it
requires multiple clean-up steps and a concentration step
with a K-D concentrator. Furthermore, ammonia is a toxic
and expensive gas, making the method both riskier and
costlier.

Although it is still a challenge, the development of
new analytical methods or the improvement of the existing
procedures for determination of NAs in meat products is
needed and very useful for public health and also from a
technological point of view. The objective of this study
was to develop and validate an alternative method for
simple, accessible and reproducible analysis of trace
amounts of NAs in different types of processed meat
during the storage period, using a low amount of organic
solvent, without needing specific extraction apparatus and
employing a quantification instrument which is commonly
found in food analytical laboratories. In this study, nine
NAs were extracted with a low volume of dichloro-
methane and quantified by GC-Cl/ion trap/MS using
methanol as reagent for positive CIL.

Material and methods
Chemicals and reagents

The solvents used in this experiment were HPLC-grade
dichloromethane and acetonitrile (VWR, Toronto, ON,
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Canada), pesticide residue-grade methanol, ethyl acetate
and HPLC-grade iso-octane (2,2,4-trimethylpentane)
(Sigma Aldrich, Oakville, ON, Canada). All the solid
chemicals used in this study (potassium phosphate
monobasic, potassium phosphate dibasic, sodium hydro-
xide and sodium sulphate) were purchased from Sigma
Aldrich.

A standard mix of nine VNAs (EPA 8270/Appendix IX
Nitrosamines Mix) containing 2000 pg ml "' of NDMA, N-
nitrosomethylethylamine (NMEA), NDEA, NPYR, NDPA,
NMOR, NPIP, NDBA and N-nitrosodiphenylamine
(NDPH) in methanol, was obtained from Sigma Aldrich.
Stock solutions of 50 pg ml ' were prepared in methanol
and stored in the dark at —40°C until use.

Method validation

Suitable working solutions containing the NAs under
study with concentrations in the range of 0.25-
1000 pg 1" were prepared in methanol before use for
calibration curves. The selectivity, sensitivity and linearity
of the method were assessed by plotting calibration graphs
(seven calibration levels) using a least-square linear
regression analysis. To optimise and validate the method
under analytical control, the specificity, accuracy, preci-
sion (repeatability), LOD and LOQ were determined using
cooked ham samples. As no reference material was avail-
able, the accuracy of the method was determined through
the matrix recovery assays. Mean recovery and RSD were
calculated for each of the nine NAs under study. For the
determination of extraction recovery (%), cooked ham
samples were spiked in triplicate with the standard mix
of NAs to reach concentrations of 1, 10 and 100 ug 1" in
the GC-MS extract (which correspond to 1, 10 and
100 pg kg ! in samples, respectively) and the full extrac-
tion procedure was applied. Recovery rates between 60%
and 120% were accepted (AOAC 2002). The LOD and
LOQ were calculated as the amount equivalent to three
and 10 times, respectively, the signal/noise ratio (S/N) at
the lowest accepted spike level.

Calibration curves were prepared daily to check both
sensitivity and linearity in the working concentration
range in order to avoid quantification errors. To validate
the current method in applicable real samples, different
types of meat products were analysed in duplicate. The
concentration of NAs in the samples was calculated from
the calibration plots of peak area of VNAs against their
theoretical NA concentration.

Samples

Five meat products were purchased from a local super-
market: cooked ham, dry ham, cooked sausage, dry
sausage and bologna. These products were selected to
represent the majority of different processes used in
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the meat industry: cured and cooked products, dry-
cured products, fermented products and emulsified
products.

To simulate real consumption conditions for these
products, samples were analysed on the day of purchase
(taken from the original package under vacuum) and also
after 7 days of storage at 4°C (in a non-vacuum polypro-
pylene container). Each sample was homogenised to a fine
powder with a food mixer in the presence of liquid nitro-
gen to ensure the homogeneity of the samples and the
representativeness of the subsamples for the analysis. The
samples were stored in plastic bags under vacuum and in
absence of light at —40°C until analysis.

Extraction procedure

Sample (10 g) was placed in a 50-ml glass tube, and 5 ml
of dichloromethane were added. The mixture was homo-
genised with a vortex mixer (Vortex Genie 2 12-812,
Fisherbrand; Allied Fisher Scientific, Ottawa, ON,
Canada) for 1 min and then centrifuged for 10 min
(1000 rpm; Dynac II Centrifuge; Clay Adams, Fisher
Scientific). The supernatant was transferred with a
Pasteur pipette (9", Fisherbrand; Fisher Scientific) to a
20-ml glass tube. Another 5 ml of dichloromethane were
added, and the homogenisation and centrifugation steps
were repeated. The supernatant obtained from this second
extraction was transferred into a 20-ml glass tube (both
supernatants were pooled together), and then 5 ml of
0.1 M phosphate buffer solution (pH 7.0) were added.
The samples were vortexed and centrifuged (2000 rpm;
Allegra 6R centrifuge; Beckman Coulter, Mississauga,
ON, Canada) to achieve good separation of both phases,
aqueous and organic. The solvent (in the lower part of the
tube) was carefully removed and transferred to another
glass tube. Any drop of aqueous solution remaining was
dried with sodium sulphate, and then the solvent was
transferred to a syringe (10-ml syringe, Luer-Lok Tip;
BD, Franklin Lakes, NJ, USA) and filtered (13 mm,
0.45 pm, PTFE; Chromatographic Specialities Inc.,
Brockville, ON, Canada). The final extract was placed in
a 2-ml amber GC vial (Chromatographic Specialities) and
analysed by GC-MS.

Chromatographic analysis

The analyses were performed by GC-MS using a Varian
model 3800 GC system (Varian Instruments, Palo Alto,
CA, USA). Samples (1 ul) were injected with an auto-
sampler  (MultiPurposeSampler MPS 2;  Gerstel,
Baltimore, MD, USA) into a 1078/1079 split/splitless
injector using a 10-pl syringe and a suitable glass liner
(Split/Splitless Tapered FocusLiner, 3.4-mm inner dia-
meter; SGE, Austin, TX, USA). The injector temperature
was set at 300°C. The split mode was kept closed during

the first 2 min, and then it was turned on and held at 10:1.
Separations were performed on a Factor Four VF-5ms
column (5% phenyl/95% dimethylpolysiloxane, equiva-
lent to DB-5ms; Varian, Mississauga, ON, Canada) mea-
suring 30 m by 0.25 mm with a film thickness of
0.25 mm. The column was held at 35°C for 2 min after
injection and then programmed at a rate of 12°C min~' to
100°C, followed by 2°C min' to 115°C, and finally
20°C min~' to 280°C (held for 5.4 min). The solvent
delay time was 3 min, and the total GC run time was
28.6 min. Ultra-high-purity 5.0-grade helium (Praxair
Canada Inc., Mississauga, ON, Canada) was used as car-
rier gas with a constant flow rate of 1.2 ml min .
Detection was carried out by MS equipped with ion trap
(Saturn 2000; Varian, Palo Alto) in positive mode, using
methanol as reagent for CI. Chemical reaction with metha-
nol provides less ion fragmentation (Rohrbaugh 2000) and
it did not show the formation of any adduct products of
VNAEs in this study, which contributed for the quantifica-
tion of each compound analysed using only one selected
jon mass (usually the mass of [M + 1]! ion, where M
represents the molecular weight of the analyte), reducing
the matrix effects and therefore increases the detector
sensitivity and specificity. The CI calibration was per-
formed before analysis to ensure the high detector sensi-
tivity and selectivity on different days by adjustment of
methanol pressure at 100 ion time until ion count values
reach the range of 600-700. The temperatures of the trap
and transfer line were set to 150 and 220°C, respectively.
In this study, CI full-scan and Cl-selected ion or storage
(CI-SIS) modes were compared and no significant differ-
ences in the sensitivity were observed when the [M + 17"
ion masses were selected for quantification, and thus full-
scan (70—175 m/z) mode was chosen because it could also
promote the possible detection of unexpected NAs. To
ensure the selectivity of the method, GC-CI/MS/MS was
used and the results demonstrated no fragmented ion were
formed and the sensitivity was lower than when ion
masses were selected from full-scan mode chromatogram.
However, VNAs under study were quantified on the
basis of their retention time and their selected ion mass
[M + 17" (where M represents each molecular weight of
NAs individually) for all NAs except for NDPH (Table 2),
then the interference from other compounds which may
elute at the same retention time of the analyte was mini-
mised and even NPYR (retention time: 9.22 min), NDPA
(retention time: 9.25 min) and NMOR (retention time:
9.4 min) could be quantified separately.

Results and discussion
Method validation

Figure 1 shows GC-CI/MS chromatograms of a standard
10 pug I"" on full-scan mode and selected ion masses as



Table 2. Retention times and the selected ion peaks for the
studied volatile N-nitrosamines.

N-nitrosamine Retention time (min) Selected ion mass (m/z)

NDMA 4.11 74.9°
NMEA 5.29 88.8°
NDEA 6.40 102.9°
NPYR 922 100.9
NDPA 9.25 130.9°
NMOR 9.40 116.9°
NPIP 10.25 114.9*
NDBA 14.91 158.9°
NDPH 19.75 169.8°

Notes: “Positive ion ((M + 1]).

®Most abundant ion.

NDMA, N-nitrosodimethylamine; NMEA, N-nitrosomethylethylamine;
NDEA, N-nitrosodiethylamine; NPYR, N-nitrosopyrrolidine; NDPA,
N-nitrosodipropylamine; NMOR, N-nitrosomorpholine; NPIP, N-
nitrosopiperidine; NDBA,  N-nitrosodibutylamine;  NDPH,  N-
nitrosodiphenylamine.

well as GC-CI/MS selected ion masses chromatograms of
a cooked ham sample spiked with a 10 pg 1" of a standard
mix of the nine NAs studied and a cooked ham sample not
spiked. The results of the validation, including the equa-
tion of the calibration curve (slope and intercept), linearity
(correlation coefficient), LOD, LOQ, recoveries (accu-
racy) and repeatability (precision), are presented in
Table 3. The chromatographic response was found to be
linear with a determination coefficient (R*) greater than or

(a)

(b)y
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equal to 0.968 in the tested range (0.25-1000 pg 1) for
all NAs. The sensitivity of the analytical method
(expressed by the slope) was higher for NMEA (84.02)
and lower for NDPH (28.91). The recoveries for concen-
tration ranges of > 1 to < 10 pg kg ' and > 10 to
< 100 pg kg ' are 60-120% and 70-110%, respectively,
accepted by AOAC (2002). On this basis, the nine VNAs
at concentrations 10 and 100 pg kg ' were within the
acceptable AOAC ranges. However, high recoveries
were obtained for NMOR, NDEA, NPYR and NDBA
at the lowest spiked level. These results may be attri-
butable to the fact that the final spiked concentration
(1 ng kg'") was closer to the LOQ. The lower the
amount of analyte present in the extract and the closer
that amount is to the LOQ, the higher the chances are of
obtaining results likely to interfere with the baseline
value. Nonetheless, this may not affect the confidence
in the method because the LOQ values found in this
study were below the NA levels allowed by regulations
(10 mg kg ') (USDA 2011). Herrmann et al. (2014)
developed a method to quantify NAs by LC-APCI/
MS/MS after extraction with acetonitrile acidified with
1% formic acid and reported a high recovery of NPYR
(166%) in unfried bacon spiked with 1 pug kg ', but not
of NMOR. The precision, expressed as RSD (the abso-
lute value of the coefficient of variation and expressed
in percentage) was in the range of 3.2-27.7%, which is
also within an acceptable range (16-32% for

(c)

(dy

Figure 1. Gas chromatography-chemical ionisation/mass spectrometry (GC-CI/MS) chromatograms of (a) full-scan mode of standard
10 pug I'', (b) selected ion masses of standard of 10 pg 17!, (c) selected ion masses of cooked ham sample spiked with a standard
10 pg 1", and (d) selected ion masses of cooked ham sample not spiked; where: 1, N-nitrosodimethylamine (74.9 m/z); 2,
N-nitrosomethylethylamine (88.8 m/z); 3, N-nitrosodiethylamine (102.9 m/z); 4, N-nitrosopyrrolidine (100.9 m/z); 5, N-nitrosodipropy-
lamine (130.9 m/z); 6, N-nitrosomorpholine (116.9 m/z); 7, N-nitrosopiperidine (114.9 m/z); 8, N-nitrosodibutylamine (158.9 m/z); and 9,
N-nitrosodiphenylamine (169.9 m/z).
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@a&\ g concentrations between 1 and 10 pg kg ') (AOAC
SRS o 22X e 2002). Lower precision (27.9%) was found for NDEA
% & ? S~ nes £ at the fortified concentration of 10 pg kg ™', a result
SSS|§ that is comparable with those obtained by Herrmann
B JE et al. (2014), who reported 31% RSD for NDEA in
Eé S ©3 ;;g z . extracts 7<1)f kassler (smoked boiled pork) fortified at
c|eTeeS rzz g e e
SRS §§ LODs (LOD = 3 S/N) and LOQs (LOQ = 10 S/N)
] s ranged from 0.15 to 0.37 pg kg ' and from 0.50 to
A I T 55; gg 1.24 ug kg, respectively. In a study using LC-APCI/
== § NSRS vl I g MS/MS (Herrmann et al. 2014), LODs for VNAs ranged
ZleTsee R gg from 0.05 to 3.3 pg kg ' in bacon and from 0.0 to
S 17.1 pg kg ' in salami, while LOQs ranged from 0.1 to
o §§§ £ 5 6.7 ng kg ' in bacon and from 0.1 to 34.2 pug kg ' in
c|laZ g g =z |z salami. In another study, VNAs were analysed by GC-CI/
E FThcss x> ] MS/MS using ammonia as reagent for CI (Sannino &
nee %% Bolzoni 2013), and the LOD and LOQ reported in raw
~23 gg mutton ranged from 0.08 to 0.11 pg kg ' and from 0.24 to
= é ® § § 0= \;Eé :E ) 0.30 pg kg ', respectively.
Sl c oo S
AN
= . é ; Selection of extraction parameters
% & oo S §§§ I S The extraction method used in this study was chosen by
_“g |2 % ) dx T2 |£E evaluating the extraction efficiencies against three differ-
I Sog E 3 ent criteria: extraction solvent, sample clean-up and
R - 58 extract evaporation. A representation of how the extrac-
é <l wma ;ffga EE tion parameters were chosen is shown in Figure 2. The
= EJ Qi g 2Q =Ce | 2E selection of these parameters was based on the recovery
glz|vn==== 3222 values of the standard that had been spiked in the cooked
E == %8 ham samples at the beginning of the extraction. The
i SGS ‘E’ g parameters with higher extraction -efficiency were
=l I SIS %= cs& | <5 selected (highlighted in Figure 2).
E E S ? 233 I é E Because of its extraction efficiency, dichloro-
2 sonlze methane is the official extraction solvent (AOAC
g = g % 1990), although methanol (Sannino & Bolzoni 2013),
3 <§C ST %8 g é‘g acetone (Tricker et al. 1984),'acet0n1trlle (Herrmann
2|B|d32 SS mawn | E2 et al. 2014), ethyl acetate (Tricker et al. 1984), and
2| % - TS| =E iso-octane (AOAC 1990; EPA-U.S. Environmental
= - . E% Protection Agency 1996) were also used in at least
_E Tep gg one step of the extraction process or for the dilution
2 T’an‘fé) EE of NA standards and extracts. The present study tested
& — iy ; & Z g the following extraction solvents and mixtures of sol-
= & 2T E'g vents: methanol, dichloromethane, acetonitrile, metha-
:‘:: E, :,é |z & nol/dichloromethane (50/50, v/v), dichloromethane/
i) = 8 g § “E’s acetonitrile (50/50, v/v), ethyl acetate and iso-octane.
ﬁ g7 ESE g < Dichloromethane and acetonitrile were the most effec-
g g 2258 3 %’ g tive solvents for the extraction of VNAs in cooked
% &5 22 § E § £ f ham. The extraction efficiency for NPYR, NMOR,
= §§ % 8 8 z i) 25 NPIP and NDBA was similar with both of the solvents,
b= »nEOAQ AZE |22 but dichloromethane was chosen as the extraction sol-
% " ~ 2 g* vent in this study because, even though acetonitrile was
> g % 3\«;\? § £ 1.86 times more efficient than dichloromethane for the
P ks = Eé %; extraction of NDPH (not considered as a carcinogen),
= 28 S s dichloromethane was more efficient for the extraction
5 S & z 5 of NDPA, NDEA, NDMA and NMEA (1.27, 2.13, 2.65
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Figure 2. Schema of analytical sample preparation and selec-
tion of the extraction parameters. STD, standard; MeOH, metha-
nol; DCM, dichloromethane; ACN, acetonitrile; MeOH/DCM,
methanol/dichloromethane (50/50, v/v); DCM/ACN, dichloro-
methane/acetonitrile (50/50, v/v); EA, ethyl acetate; 10, iso-
octane; PB, phosphate buffer 0.1 M; GC, gas chromatography;
and MS, mass spectrometry.

and 6 times, respectively). These results are in accor-
dance with the AOAC (1990) official method and with
a large number of studies that used dichloromethane as
extraction solvent for the determination of NAs
(Massey et al. 1991; Yurchenko & Mbolder 2007,
Crews 2010; Ozel et al. 2010; Sannino & Bolzoni
2013).

To investigate whether other compounds present in
the sample (such as lipids, peptides and amino acids)
could interfere in the extraction efficiency for NAs, two
cleaning solutions were tested. The first solution chosen

Food Additives & Contaminants: Part A 7

was 0.1 M phosphate buffer (pH 7.0) owing to its ability
to solubilise water soluble peptides and amino acids that
may be present in dichloromethane. The second solution
used for the clean-up of the sample was 0.1 M NaOH
owing to its basicity, which can promote the saponifica-
tion and precipitation of some lipids. Unlike NaOH solu-
tion, phosphate buffer solution is not commonly used in
the NAs extraction process. In the current study, the
extraction efficiency for all VNAs except NDPH was
higher (1.2 times) with the phosphate buffer solution,
then this solution was selected. This result can be
explained because of the weak acid character of these
compounds, which promotes a slightly improve in their
solubility in the neutral buffer solution rather than the
alkaline solution. A control standard was used daily
before and after analysis to evaluate any possible column
or liner contamination from the sample extracts.
However, the reproducibility of the control standard and
the chromatographic profile were not affected after a
large number of extract injections, which ensure the
quality of the current GC-CI/MS analysis. As the quanti-
fication of the VNAs was performed through the selec-
tion of specific masses for each of the nine VNAs, no
interference peaks from other compounds present in the
sample were obtained; that fact represents an advantage
of the method because no further purification steps were
needed in the extraction procedure.

Many authors have used a solvent evaporation step
in the extraction to concentrate the quantity of NAs in
the extract (AOAC 1990; Tricker et al. 1984;
Yurchenko & Molder 2007; Ozel et al. 2010; Sannino
& Bolzoni 2013; Herrmann et al. 2014). In the present
study, the extract obtained after clean-up, drying over
Na,SO4 and filtration was divided into two aliquots:
one that was directly injected for chromatographic
analysis, and one (5 ml) that was evaporated under
nitrogen stream to 0.5 ml. Figure 3 shows that there
was a loss in the amount of VNAs by concentration
using nitrogen stream. Thus, the extraction process
without solvent evaporation was preferred, making
the method even simpler and faster compared with
other methods.

Application to meat products

The optimised procedure was applied to the analysis of
five different meat products; the results are shown in
Table 4. In general, the amount of VNAs in the products
increased during the storage period (7 days at 4°C). This
result was expected once the formation of NAs can occur
when residual nitrite is present in the product. An
increase in NAs concentration in canned pork with sto-
rage at 5°C was also reported in the literature
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Effect of solvent evaporation on VNA determination
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Figure 3. Concentration (ug kg ') of individual volatile N-
nitrosamine (VNA) in cooked ham without solvent evaporation
and after solvent evaporation in a nitrogen stream. NDMA, N-
nitrosodimethylamine; NMEA,  N-nitrosomethylethylamine;
NDEA, N-nitrosodiethylamine; NPYR, N-nitrosopyrrolidine;
NDPA, N-nitrosodipropylamine; NMOR, N-nitrosomorpholine;
NPIP, N-nitrosopiperidine; NDBA, N-nitrosodibutylamine;
NDPH,  N-nitrosodiphenylamine; and LOQ, limit of
quantification.

(Yurchenko & Molder 2007). In the current study, the
observed increases in the amounts of NDMA, NMEA,
NDPA and NDBA after 7 days of storage were higher in
dry sausage compared with other meat products. These
differences are possibly due to the dry-curing process, in
which sausage ingredients are incorporated directly (not
in solution form) in the raw meat, thus allowing the
nitrosating agents to be more concentrated than they
are in products cured with a brine solution. In addition,
dry sausages are produced by fermentation and dehydra-
tion processes, which promotes a meat product with low
water activity, reduced pH and high biogenic amines
content, contributing to the NAs formation reaction.
Also, the comminution of meat to produce dry sausages
increases the surface area, and consequently enhanced
contact between the reacting species (nitrosating agents
and amines present in the meat) than what is possible in
ham, for example.

Comparing the cooked sausage with the dry sausage
and the cooked ham with the dry ham shows that, in
general, dry-cured products had higher VNA levels. In
cooked products, curing ingredients are solubilised in
water before they are added to or injected into the meat.
Moreover, dry products undergo a dehydration process
which consists in air drying. In the case of dry ham, salt
and curing ingredients are deposited in the meat surface
and because of the osmotic pressure difference between
the external salt deposit and the meat tissue, osmotic
flow is set up with efflux of water and influx solutes by
diffusion. Therefore, the amount of nitrosating agents

NDPH
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ

NDBA
1.66 + 0.12
0.18 + 0.06*
<LOQ
<LOQ
0.28 + 0.08"
1.96 + 0.27
1.47 £ 0.01
<LOQ
<LOQ
0.58 + 0.14°

NPIP
1.69 £0.12
426 +£0.24
4.09 £ 0.53
2.04 £0.04
2.36 £ 0.37
1.54 £ 0.16
3.79 + 0.57
337 +£0.32
1.82 £0.28
1.50 £ 0.74

NMOR
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ

NDPA
3.61 £0.03
4.12 £0.01
1.75 £ 0.01
5.75 £0.21
5.64 £0.08
5.92 £0.04

34.75 + 11.55
2.86 +0.06
6.72 £1.26

548 £ 1.11

NPYR
<LOQ
132+0.14
<LOQ
3.16 = 0.01
0.73 £ 0.15°
<LOQ
2.01+0.39
0.86 = 0.39°
2.66 + 0.06
0.79 £ 0.17°

NDEA
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ

NMEA
<LOQ
1.24 £ 0.02
<LOQ
0.70 £ 0.11°
<LOQ
0.25 + 0.04°
6.44 + 3231
0.47 + 0.28°
1.39 £ 0.20
<LOQ

NDMA
<LOQ
<LOQ
<LOQ

404 = 0.72
<LOQ

0.58 £ 0.13%

5.03 +0.91

043 £ 0.07°

6.55 = 0.64

0.71 £ 0.25°

Cooked sausage
Dry sausage
Cooked sausage
Dry sausage
Cooked ham

Cooked ham
Dry ham

Dry ham
Bologna
Bologna

NDMA, N-nitrosodimethylamine; NMEA, N-nitrosomethylethylamine; NDEA, N-nitrosodiethylamine; NPYR, N-nitrosopyrrolidine; NDPA, N-nitrosodipropylamine; NMOR, N-nitrosomorpholine; NPIP, N-

nitrosopiperidine; NDBA, N-nitrosodibutylamine; NDPH, N-nitrosodiphenylamine.

Table 4. Mean concentration and standard deviation (ug kg™") of volatile N-nitrosamines found in five different meat products.

Notes: “Amount between the limit of detection (LOD) and limit of quantification (LOQ).

7 days after purchase (at 4°C)

Day of purchase



and of secondary amines are diluted in cooked products,
and this may contribute to a lower final concentration of
NAs in such meat products. However, cooked ham had
higher concentrations of NPIP than dry ham did
(4.09 + 0.53 and 2.04 + 0.04 pg kg ', respectively),
and higher levels of NDBA were found in cooked
sausage than in dry sausage (1.66 = 0.12 and
0.18 + 0.06 pg kg ', respectively). There is no clear
explanation for those results.

Concentrations of VNAs found in the five meat
products under study during the analysed storage period
were lower than the maximum level allowed by the
regulations (USDA 2011), with the exception of
NDPA in dry sausage 7 days after purchase. The most
abundant NA in the analysed products was NDPA
(range from 1.75 to 34.75 pg kg ') except in the
cooked ham, where NPIP was the most abundant NA
(409 + 053 pg kg') followed by NDPA
(1.75 + 0.01 pg kg"). In dry sausage, NDPA and
NPIP had almost the same concentrations, 4.12 + 0.01
and 4.26 £ 0.24 g kg ', respectively. Ozel et al. (2010)
also reported the presence of NDPA and NPIP in sau-
sage and salami, although at lower concentrations, ran-
ging from 0.10 to 0.51 and from 0.10 to 0.82 pg kg ',
respectively. However, other authors (Sannino &
Bolzoni 2013; Herrmann et al. 2014) did not detect
the presence of NDPA or NPIP in the analysed meat
products.

In the current study, higher levels of NDMA
(4.04 £ 0.72 pug kg'") and NPYR (3.16 £ 0.01 pg kg ")
were found in dry ham than in the other products. In a
recent study (Herrmann et al. 2014), NDMA and NPYR
were the only VNAs found in smoked ham medallions (at
concentrations of 2.1 and 1.3 pg kg ™', respectively); how-
ever, only NPYR (1.0 ug kg ') was found in dry ham, and
no VNAs were found in salami and pepperoni. Another
study (Ozel et al. 2010) reported that NDMA and NDEA
were the most abundant VNAs in sausage (0.14—-1.20 and
0.10-1.73 pg kg !, respectively), whereas NPIP was the
most abundant in salami (0.19-1.44 pg kg™'). Sannino
and Bolzoni (2013) detected NDMA only in the range of
0.3-1.1 pg kg ' in the various meat products that they
analysed.

The NAs NDEA, NMOR and NDPH were not found
in any of the analysed products, even after 7 days of
storage at 4°C. These results are consistent with those
of other studies in the literature (Sannino & Bolzoni
2013; Herrmann et al. 2014) that also did not detect the
presence of these VNAs in many different products. A
comparison between the proposed method and others
used in VNAs determination (AOAC 1990; Yurchenko
& Molder 2007; Ozel et al. 2010; Sannino & Bolzoni
2013; Herrmann et al. 2014) is presented in Table 5.
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Since the extraction procedure does not require many
steps (such as distillation or solvent evaporation), the
NAs determination method developed in this study is
rendered very fast and simple that requires minimum
skills of the analyst. The advantages of this procedure in
addition to simplicity are: the low amount of solvent for
extraction (10 ml instead of 100 ml for the official
method (AOAC 1990), making the method safer for
the analyst as well as the environment); and the use of
a chromatographic equipment that is easily found in
analytical laboratories (making the method more acces-
sible and reproducible for other laboratories). In general,
NAs quantification methods by GC-CI/MS detection
produces less fragmentation than electron ionisation
(EI), therefore they have better sensitivity no matter
the mass analyser (ion trap or quadrupole) and the
reagent (gas — such as ammonia, methane and isobu-
tene, or liquid — such as methanol and acetonitrile)
used. However, ion trap detection is ideally suited to
take advantage of the headspace vapour generated by
liquid reagents because lower concentrations or reactant
gas are required than with quadrupole or magnetic sec-
tor instruments (Rohrbaugh 2000). Furthermore, the
developed method using methanol offers a major advan-
tage over those using ammonia: costs are reduced and
the method is safer for the analyst, given the toxic
characteristics of ammonia. Moreover, unlike ammonia,
CI with methanol provides less ion fragmentation and
do not form adducts with NAs analysed and increases
the detector sensitivity and specificity.

Conclusions

A simple, accessible and reproducible method based on
dichloromethane extraction and GC-CI/MS using
methanol as the reagent in positive CI was successfully
developed for the determination of trace amounts of
nine VNAs in meat products, using a procedure that
needs a low volume of organic solvent and does not
require a specific apparatus or analytical equipment,
contributing to the practical implementation in routine
laboratories. Appropriate validation parameters such as
recovery, precision, sensitivity and selectivity were
obtained.

In general, an increase in the level of NAs was
observed during the storage period. The most abundant
NAs during the analysed storage period were NDPA
and NPIP. The method proved suitable for the determi-
nation of VNAs in processed meat products and, there-
fore, can be a useful tool for food safety control once
it assess the profile and dietary intake of NAs from
foods.
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Carnosine has an impact on NO production, metabolism and activity but much remains to be revealed
about the mechanisms for those physiological reactions. There is no scientific data available reporting
the effect of this natural dipeptide on the N-nitrosamines (NAs) formation despite it might likely be an
important factor for the control of NAs formation on meat products. The objective of this study was to
investigate the effect of carnosine on inhibition of NAs formation and on the technological properties of
cured meat products and compare with erythorbate alone or combined. Two experiments were carried
out: one model system simulating meat conditions in solution (pH 5.6) and another one in meat matrix.
In both experiments, a treatment containing precursor amines, nitrite and sodium chloride was
considered as control. Treatments included addition of sodium erythorbate 0.05% and/or carnosine
(0.45%). In the solution experiment, NAs were quantified before and after heat treatment. In the meat
experiment, meat samples were cooked and stored at 4 °C in the presence of oxygen during 7 days
and then pH, color, TBARS, carbonyl and NAs content were measured. The antioxidant activity of
erythorbate and carnosine, with and without NaCl was also compared through their capacity to
scavenge DPPH radical molecules. Sodium erythorbate presented a higher antioxidant activity than
carnosine but the results for sodium erythorbate remained constant while for carnosine the antioxidant
activity increased with its concentration. However, in the meat system, no differences in the level of
either protein or lipid oxidation were observed among treatments and control stored in the presence of
oxygen at 4 °C during 7 days, and then no effect of different antioxidants was observed. Sodium
erythorbate had no effect on the final pH values on the meat samples compared to control, while
addition of carnosine increased by about 0.2 pH unit. A decrease in cooking loss percentage on
samples treated with carnosine was also observed. Cooked cured meat samples containing carnosine
had L* and b* values significantly (p < 0.05) lower than those where the dipeptide was not added,
contributing to a lighter appearance. Sodium erythorbate contributed to an increase on NAs
concentration on meat samples stored during 7 days in the presence of oxygen in comparison with the
control. Unlike in meat experiment, in the curing solution, erythorbate and/or carnosine with or without
application of heat process significantly decreased (p < 0.05) NAs formation compared to the control,
althought the effect of sodium erythorbate alone or combined with carnosine was stronger (p < 0.05)
than carnosine alone when heat treatment was applied.

Keywords: N-Nitrosamines, carnosine, erythorbate, antioxidants, cured meat products.

INTRODUCTION

Meat is an ideal medium for microbial growth and spoilage because of its
favorable pH, high amount of moisture, nitrogenous compounds (such as amino
acids, peptides and proteins) and minerals. Salt has been used to preserve meat
since ancient times, but it became evident only in the 19th century that the nitrate
present as a contaminant in salt had a significant role in the inhibition of

microorganisms. Meat curing with appropriate ingredients enables better use of this
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protein source through the production of a variety of meat products with distinct
flavours, and improved shelf-life and safety. Potassium and sodium salts of nitrite
and nitrate are commonly added with sodium chloride in curing mixtures. Nitrite can
be formed by microbial or enzymatic reduction from nitrate, which is added in specific
meat products. Nitrous acid formed from nitrite in an acidic environment (meat pH =
5.6) can form its anhydride (N»Os3), which is in equilibrium with the oxides NO and
NO,. With increasing salt concentration nitrous acid may transform into nitrosyl
chloride (SCHEEREN et al., 2015; SKIBSTED, 2011; PEGG; SHAIDI, 2000; TERRA,
2005) (reactions below):

2NO3 — 2NO; + O,
NO, + H" <> HNO,
2 HNO; <> N2,O3 + H,O
N203 <> NO + NO;
HNO, +H" — H,NO," «» NO™ + H,0
HNO, +H" + CI" — NOCI + H,0

Nitrite and specially nitric oxide (NO) formed in curing reactions in meat can
inhibit the growth of Clostridium botulinum, retard lipid oxidation, and confer to cured
meats their characteristic colour, taste and aroma (TOLDRA, 2010).

In spite of these advantages of curing, controversies surround the safety of
cured meat products. Numerous studies have shown that the reaction of secondary
amines with nitrosating species such as NO* and N,Os formed from residual nitrite
lead to the formation of N-nitrosamines (NAs), which may exhibit potential
genotoxicity and increase the risk of gastric and colorectal cancer (OOSTINDJER et
al., 2014; BRYAN; VAN GRINSVEN, 2013; PUSSA, 2013; ANDREE et al., 2010).
The chemistry of nitrosation is complex and shows a dependency on the pH,
temperature and the presence and basicity of secondary amines (PEGG; SHAIDI,
2000). The dependency on the pH is related to the formation of nitrosating agents. At
low pH, the formation of nitrosating agents like protonated nitrous acid (H2NO,"),
nitrogen trioxide (N2Og3) or nitrosyl halogenides (NOX) is stimulated whereas the
concentration of non-protonated amine is decreased. Therefore lightly basic amines
like morpholine (pKa=8.7) are nitrosated more rapidly than strongly basic amines like

dimethylamine (pKa=10.7). The ion NO" is produced in more acidic conditions but
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metal ions are also engaged to form NO® (ANDREE et al., 2010). According to
Andrée et al. (2010), the most common volatile NAs formed in meat products are N-
nitrosodimethylamine, N-nitrosopiperidine and N-nitrosopyrrolidine. The
representation of the NAs reaction formation from a secondary amine is presented in

the following reaction:

N2Oz/NOX/NO™ + R;NH — RoN-NO

A press release published by the World Health Organization (WHO) in 2015
caused confusion and worries worldwide in associating meat and particularly
processed meat products consumption with small increases in the risk of cancer
based on information reviewed by the International Agency for Research on Cancer
(IARC). In the reviewed studies, the risk generally increased with the amount of meat
consumed. An analysis of data from 10 studies estimated that every 50 gram portion
of processed meat eaten daily increases the risk of colorectal cancer by about 18%.
According to IARC, red meat was classified as “probably carcinogenic to humans”
(Group 2A) while processed meat has been classified as "carcinogenic to humans”
(Group 1), sharing the same category as tobacco smoking and asbestos (WHO,
2015).

In order to reduce the risks caused by processed meat consumption, studies
have been increasingly conduced to find alternatives for controlling the formation of
NAs in meat products. The utilization of non-meat ingredients that, by nature, have
high nitrate content has been proposed to avoid the direct addition of nitrite to meat
products (OLMEDILLA-ALONSO; JIMENEZ-COLMENERO; SANCHEZ-MUNIZ,
2013; WEISS et al., 2010), in spite of potentially higher amounts of nitrate in vegetal-
based extracts than the concentration of nitrate and nitrite salts normally added for
curing meat products. Furthermore, an extraction of further residues and
contaminants from the vegetables and as a consequence higher contamination levels
of the meat product can not be excluded (ANDREE et al., 2010; HONIKEL, 2008).

In spite of numerous attempts, no adequate alternatives to totally replacement
of nitrite has been found so far. The many different effects that addition of nitrite has
on the metabolism of food pathogens are the key reason why the compound is so
effective and only small concentrations of nitrite are sufficient to cause a broad

spectrum inhibition of food pathogens. The inhibition of bacteria by nitrite has been
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attributed to a variety of different mechanisms including the inhibition of oxygen
uptake, oxidative phosphorylation and proton-dependent transport (WEISS et al.,
2010). Nitrite was also found to inhibit a number of enzymes that are essential to the
metabolism of bacteria such as aldolase. Moreover, nitrite generally causes a
breakdown of the proton gradient in bacteria needed to generate ATP. Since nitrite
acts on multiple sites simultaneously, it is very difficult for food pathogens or food
spoilage organisms to adapt to its presence. Added to this, the antioxidative and
curing flavor forming effects of nitrite is also the reason why nitrite is so difficult to
replace as a preservative (OLMEDILLA-ALONSO; JIMENEZ-COLMENERO;
SANCHEZ-MUNIZ, 2013; ANDREE et al., 2010; WEISS et al., 2010; DAVIDSON;
SOFOS; BRANEN, 2004).

Another important concern in the food industry is about oxidation reactions.
Lipid and protein oxidation can causes heavy losses for meat industry due to the
decreasing its nutritional and sensory value and contributing for the formation of toxic
compounds for the human (TERRA et al., 2008). In the past few decades, ascorbic
acid or its salts, has been used in cured meat batters also due to its important role as
antioxidant by several mechanisms including free radicals scavenging, transition
metals chelating and reducing activities, avoiding the lipid oxidation (TANNENBAUM,;
WISHNOK; LEAF, 1991), but it can also act a coadjutants in cure. Curing of meat is
most significantly recognized by the colour changes as the fresh red meat or meat
batter initially turns brown (metmyoglobin). Ascorbic acid acts simultaneously with the
curing salts to form and maintain the specific color of the cured meat products due to
its ability to react with nitrite and nitrous acid to form NO and HNO, which are the
main nitrosating agents for metmyoglobin (SKIBSTED, 2011). More recently, it was
observed that ascorbate can also lower the NA content in meat products and it may
be attributed to its ability to reduce HNO,, N,Oz and NO™ to NO (SKIBSTED, 2011;
TANNENBAUM; WISHNOK; LEAF, 1991).

Carnosine is a natural dipeptide composed of B-alanine and L-histidine that
has been correlated to numerous examples of positive actions including important
protection against oxidation. Discovered in 1900 as an abundant non-protein
nitrogen-containing compound of meat, this dipeptide is found in skeletal muscle from
different species like pork, beef, turkey, salmon, rabbit, chicken, among others.
Primarily anaerobic muscles have higher carnosine concentrations than do aerobic

muscles. It has been suggested that the antioxidant mechanism of carnosine is due
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to its metal-ion chelation or free radical scavenging. The hydrophilic nature of
carnosine is probably significant for its antioxidative activity because many of the lipid
peroxidation catalysts and free radicals are found in the cytosol. Other possible
biochemical functions of carnosine include pH-buffering, immunostimulant, carbonyl
scavenger, and antiglycation. The biochemical properties of this dipeptide leads to its
numerous positive physiological roles such as prevention against a variety of injuries
mediated by discrete entities (oxygen free radicals, reactive nitrogen species,
glycating agents, deleterious aldehydes, toxic metal ions) as well as to protect
against formation of advanced glycation and lipoxidation end-products and
ameliorate conditions associated with aging (BOLDYREV; ALDINI; DERAVE, 2013).
Carnosine has been shown to protect various cells against ischemia—reperfusion
injury, for example in rat liver, kidney, heart, and brain. Protective activity exerted by
carnosine has also been evidenced with respect to diabetes, osteoporosis,
neurodegeneration, loss of vision, and hearing and immune function. Powerful anti-
inflammatory and wound healing effects and anti-stress and immunomodulating
actions have also been clearly demonstrated. For these reasons, the therapeutic
potential of carnosine supplementation has been tested in numerous diseases in
which ischemic or oxidative stress are involved (BOLDYREV; ALDINI; DERAVE,
2013; QUINN; BOLDYREV; FORTNAZUYLCL, 1992).

In addition, several studies have also been reported on the ability of carnosine
to impact on NO production, metabolism and activity. Some paths for those
physiological reactions were suggested so far, but its mechanisms are still not clearly
understood and much remains to be revealed. There is still an apparent contradiction
in the literature, as some studies have shown a stimulating effect of carnosine
towards NO production, while some others point to a direct or indirect inhibitory
mechanism (BOLDYREV; ALDINI; DERAVE, 2013; HIPKISS, 2009). Considering its
physiological roles on NO regulation in the organism, carnosine might likely be an
important factor for the control of NAs formation on meat products, but to the best of
our knowledge, there is no scientific data available reporting the effect of this natural
dipeptide on the NAs formation. Most of the researches conduced in increasing
carnosine concentration in meat are related to its antioxidant capacity to protect
against lipid oxidation and to reduce metmyoglobin, preserving the color of fresh
meat (ALIANI et al., 2013; DAS; ANJANEYULU; BISWAS, 2006; LEE; HENDRICKS;
CORNFORTH, 1999). Therefore, the idea of investigating the effect of a natural and
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non-toxic dipeptide, known for its antioxidant activity and other numerous beneficial
functions for health including NO regulation, on the control of carcinogenic
compounds formation in food seems to be a very promising challenge and can be
very useful for public health and also from a meat technological point of view.
Therefore, the purpose of this study was to evaluate the effect of the addition of
carnosine on the inhibition of NAs formation and on the technological properties of
cured meat samples comparing with a common antioxidant used on meat industry

(sodium erythorbate) alone or combined in model cured meat systems.

MATERIAL AND METHODS

Chemicals and reagents

A standard mix containing 2000 pg/mL of nine volatle NAs
(EPA8270/Appendix I1X Nitrosamines Mix) was obtained from Sigma Aldrich (Sigma
Aldrich Oakville, ON, Canada). Carnosine used as standard for carnosine
qguantification analysis, sodium chloride, sodium erythorbate, sodium nitrite, citric
acid, sodium citrate, sodium phosphate monobasic, sodium phosphate dibasic,
sodium sulphate, ammonium acetate, 2,2-diphenyl-1-picryl-hydrazyl (DPPH),
tricloroacetic acid (TCA), 2-thiobarbituric acid (TBA), 1,1,3,3-tetramethoxypropane
(TEP), guanidine, 2,4-Dinitrophénylhydrazine (DNPH), butylated hydroxytouene
(BHT), bovine serum albumin (BSA), ethyl acetate and all the precursor amines
(dimethylamine - DMA, methyl-ethylamine - MEA, diethylamine - DEA, pyrrolidine -
PYR, morpholine MOR and piperidine - PIP) were also purchased from Sigma Aldrich
(Sigma Aldrich Oakville, ON, Canada). Carnosine (98 - 99% of purity) used for the
experiments and for antioxidant activity analysis, were obtained from Honson
Pharmatech Group (Toronto, ON, Canada). HPLC-grade dichloromethane HPLC-
grade ethanol, residue-grade methanol, chloroform and hydrochloric acid (HCI) were
obtained from VWR (VWR, Toronto, ON, Canada). Acetonitrile was obtained from

Fisher Scientific (Fisher Scientific, Toronto, ON, Canada).
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Organization of the study

Due to the absence of scientific information about the effect of carnosine on
the control of NAs formation, the current research was developed in two steps (as
shown in Figure 1): the first one aimed to evaluate the direct effect of carnosine on
NAs formation using a model system with meat pH (5.6) solution system; and the
second was carried out in raw meat with the objective to consider the matrix effects
that could affect the performance of carnosine in the reaction. In both experiments, a
treatment without antioxidant addition was considered as a control and other
treatments included: addition of carnosine, addition of sodium erythorbate and
addition of a combination of both.

The amount of ingredients used either in the solution or in the meat
experiments was based on the concentrations normally used in the meat industry.
The added amount of carnosine in both experiments (4.5 g/L or g/kg) was arbitrarily
chosen considering the average amount actually found in commercial swine
Longissimus dorsi muscle (around 3.0 g/kg) (MORA; SENTANDREU; TOLDRA,
2008) altogether with the large variability reported not only between species
(BOLDYREV; ALDINI; DERAVE, 2013) but also within swine breeds and animals
(D’ASTOUS-PAGE et al., 2015; PALIN et al., 2016), showing potential for genetic
improvement of the carnosine content in pigs. The precursor amines concentration in
the range of mg/L or mg/kg in the solution and meat experiments, respectively, was
chosen to ensure the NAs formation considering the complexity of the chemisty

involved in this reaction.

Model Systems studied

Direft eﬁ‘e.ct ofcmnos‘ine. on N%\ Solution Et:ect ofu.mh*ix on the‘pel“tbl.‘mm.lce
formation in comparison with atpH=56 Meat of carnosine on NAs formation in
sodium erythorbate (meat p 2.0) comparison with erythorbate
Analysis: Analysis:
-NAs -Composition (Moisture, Protem, Fat)
-Carnosine
-pH

-Water lost in cooking
-Color
-NAs

Figure 1 - Schema of the study organization and development.
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N-Nitrosamines formation in model meat cured product system in solution

For this essay, two solutions were prepared. Solution 1 contained 20 mg/L of
each precursor amine (DMA, MEA, DEA, PYR, MOR and PIP) diluted in deionized
water. In order to create cured meat products conditions in solution, solution 2 was
prepared by adding 4.5% of NaCl, and 0.5 g/L of NaNO, in 0.1 M citrate buffer
solution, pH 5.6 as well as sodium erythorbate (ERY) and carnosine (CAR) for some
treatments. There were 4 groups of treatments including: NO," + NaCl (no addition of
ERY or CAR), NO,; + NaCl + ERY (with 1 g/L ERY and no CAR), NO;," + NaCl + CAR
(with no ERY and 9 g/L CAR) and NO;" + NaCl + ERY (with 1 g/L ERY and 9 g/L
CAR). The pH of test solutions was adjusted after the addition of ingredients to avoid
interferences in NAs formation due to differences in pH values. Both solutions (1) and
(2) were mixed in equal volume (1:1, v:iv) and the final concentration for each
treatment is shown in Table 1.

These four essays were divided in two aliquots performed without heating and
also heated (75 + 1 °C during 15 minutes) (Microprocessor Controlled 280 Series
water bath, Precision) to simulate cooked and uncooked meat products found to
consumption, totalizing eight different treatments (Table 1) and the entire experiment

was repeated 3 times.

Table 1 - Total concentration of ingredients and use of heat process in different
treatments of model cured product system in solution.

Treatments PA NaCl NaNO, ERY CAR Heat
mg/L % g/L g/L g/L  Treatment
NO, + NaCl 10 2.25 0.25 -- -- --
10 2.25 0.25 -- -- YES
NO, + NaCl + ERY 10 2.25 0.25 0.5 -- --
10 2.25 0.25 0.5 -- YES
NO, + NaCl + CAR 10 2.25 0.25 -- 4.5 --

10 2.25 0.25 -- .
NO,; + NaCl + ERY + CAR 10 2.25 0.25 0.5 4.5 ~-
10 2.25 0.25 0.5 4.5 YES

PA: precursor amines; ERY: sodium erythorbate; CAR: carnosine.

N-Nitrosamines formation in model meat cured product system in real matrix

(meat)
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The meat used in the current experiment was purchased in a local market
(Olymel, Saint-Hyacinthe, Québec, Canada). In order to eliminate any interference of
a possible fat oxidation in the NAs formation, pork Longissimus dorsi (LD) muscle
was chosen for this study due to its low fat content. All the meat experiment was
conducted in 4 °C room. The fat and connective tissue were removed from LD and
the muscle was chopped into small pieces with a stainless steel knife, minced (3.5
mm, grounder PM-114L, Mainca) and mixed (Double-action mixer 1000DA70, Lel
and Southwest) for 5 minutes. At this point, a subsample was collected and used for
analysis of moisture, protein, fat and carnosine content and the remaining meat batch
was divided in three portions (one for each of the three repetitions) and each portion
(around 4.00 kg) was packed individually under vacuum (Sipromac, model 550 A),
frozen at -20 °C and stored at this temperature until the moment of the performance
of each repetition essay. The frozen meat was placed at 4 °C 48 hours before the
essay to ensure slow and complete thawing.

To guarantee the experiment homogeneity, all the ingredients were previously
weighted based in a fixed amount of meat (Table 2) and the meat was premixed
manually with a solution containing the precursor amines (DMA, MEA, DEA, PYR,
MOR and PIP) dissolved in 50% of the total deionized added water. For this study,
each precursor amine was added in a total of 20 mg/kg of meat. The remaining water
(other 50%) was used to dissolve the sodium nitrite and this nitrite solution was
added with the other ingredients (according to Table 2) directly in the meat and the

mixture was homogenized manually for 5 minutes.

Table 2 - Total concentration of ingredients used in model cured product system in
meat.

Treatments H,O NaNO, NacCl ERY CAR
g/kg g/kg g/kg g/kg g/kg
NO, + NaCl 50 0.2 22.5 -- --
NO, + NaCl + ERY 50 0.2 22.5 0.5 --
NO, + NaCl + CAR 50 0.2 22.5 -- 4.5
NO, + NaCl + ERY + CAR 50 0.2 22.5 0.5 4.5

ERY: sodium erythorbate; CAR: carnosine.

The mixture was covered to protect against light and kept at 4 °C during 2
hours (to ensure that the cure process would succeed) and then placed in
polyethylene containers (hermetically closed). The containers were placed in a vapor
cooking chamber (Sipromac, Fluke) and the cooking was carried out until the internal
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temperature in the mixtures had reach 72 °C. Inside the chamber, a cold water
shower rapidly cooled down the temperature inside the containers which were kept at
4 °C overnight. The meat products were then removed from the containers, weighted
(for the evaluation of cooking loss) and submitted to pH and color analysis before
being sealed in the presence of 90% of atmospheric air. Considering that previous
study showed increase in NAs concentration after a week storage of different cured
meat products (SCHEEREN et al.,, 2015) and with the purpose to ensure NAs
formation, in the current study the meat products obtained after cooking were sealed
in presence of oxygen and stored at 4 °C during 7 days. After this storage period, the
final products were sealed under vacuum and kept at -20 °C until the moment of the
NAs and oxidation analysis. The entire experiment was repeated 3 times in 3

different days.

Analysis

Chemical composition (moisture, protein and fat) analysis and carnosine
measurements in fresh meat were performed in triplicate. Analysis of cooking loss,
pH and color were conducted in triplicate in samples after cooking process.
Determination of NAs and the level of oxidation of fat and proteins were carried out in
duplicate in cooked samples after 7 days of storage in the presence of oxygen (90%

of atmospheric air) at 4 °C.

Chemical composition

Moisture

Moisture was determined by difference on the weight of the fresh meat samples
before and after drying process through liofilization (FTS Systems, Dura-Dry™),
where the water present in the dried frozen sample (-40 °C) is eliminated by direct
conversion from the solid to gas state due to gradual rise in temperature under
vacuum conditions in the chamber.

Moisture content in the fresh meat was calculated as:

Moisture (%) = 100 X (Skm — Sp)/Sem
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Where Sgy is the weight of the fresh meat sample and Sp, is the weight of the dried

sample.

Protein

Protein determination was performed according to AOAC (1995) by
combustion method through the measure of total organic nitrogen contained in 50 mg
of dried sample (Elementar, Vario Max Cube). Calibration of the instrument was
conducted using EDTA as a theoretical % nitrogen standard. The nitrogen released
at high temperature was measured by thermal conductivity and was converted to
protein equivalent by using the factor 6.25.

Crude protein content in fresh meat was calculated as:

Crude protein in dried meat (%) = % nitrogen x 6.25
Crude protein in fresh meat (%) = Pp x (100 - M)/100

Where Pp is the % of protein in dried meat and M is the % of moisture.

Fat

Analysis of fat content was conduced in the dried meat according to AOAC
(1995). Two grams of dried meat samples were weighted as well as cups where the
extract get accumulated. Organic solvent (60 mL of chloroform:methanol, 2:1, v:v)
was added and high temperature solvent extraction (submersion) was conduced
using a Soxhlet apparatus (Velp Scientifica, SER 148 Solvent Extractor). The solvent
was recovered by condensation and the extracted soluble material remained in the
cup was detrmined by weight after drying in an oven (125 °C during 30 minutes).

Fat content in fresh meat was calculated as:

Fat in dried meat (%) = ((Ca— Cg) x 100)/Sp
Crude protein in fresh meat (%) = Fp x (100 - M)/100
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Where Ca is the weight of the cup after drying and Cg is the weight of the cup before
the extraction, Sp is the weight of the dried meat sample, Fp is the % of fat in dried

meat and M is the % of moisture.

Carnosine

Carnosine was quantified in fresh pork meat samples according to the method
adapted from Mora; Sentandreu; Toldra (2008). For the extraction, 6 mL of 0.01 N
HCI were added to 2 g of sample and the mixture was vortexed for 15 seconds at
2625 rpm (Fisher Scientific, Digital Vortex Mixer) and then placed on an orbital
shaker during 15 minutes at 60 rpm and tilt angle 20° (MBI LabEquipment, LabRoller
II). After homogenization, the samples were centrifuged for 20 minutes at 12,000 x g
and 4 °C (Centrifuge 5810 R, Eppendorf). The supernatant fraction was filtered
through glass wool, and 750 pL of acetonitrile were mixed with 250 pL of this extract
to deproteinization. Mixtures were vortexed and held at 4 °C for 20 minutes before
centrifugation at 10,000 x g for 10 min.

Determination of carnosine was performed by high pressure liquid
chromatography (HPLC) using HPLC (Varian) equipped with an autosampler (V717
Plus Autosampler), a controller (600 Controller) and photodiode array detector (2996
Photodiode Array Detector). An injection volume of 20 uL of deproteinized
supernatant fluid was pumped through an Atlantis HILIC silica column (4.6 x 150
mm, 3 um; Waters Corporation, Milford, MD). Solvent A consisted of 10 mM
ammonium acetate in water/acetonitrile (25:75, vol/vol) with the pH at 5.5. Solvent B
consisted of 10 mM ammonium acetate in water/acetonitrile (70:30, vol/vol) also with
pH 5.5. Solvent flow rate was set at 1.4 mL/min and the solvent gradient was set in
100% solvent A during 9.1 minutes and then it went to 70% solvent B in 1 minute,
with a return to 0% solvent B in 2 min followed by re-equilibration at initial conditions
for 10 minutes. The detection was performed in a wavelength set at 210 nm. Sample

peak areas were correlated to standard curves of carnosine for quantification.

Antioxidant activity

The DPPH radical-scavenging activity of sodium erythorbate and carnosine

(both in presence and absence of sodium chloride) was evaluated according to the
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modified method used by Marusi¢; Aristoy; Toldra (2013) and was carried out in
triplicate.

Seven different concentrations ranging from 0.1 to 20 mg/L were prepared for
each antioxidant in deionized water and also in a solution of deionized water
containing 2.25% of sodium chloride. 100 pL of each sample solution was mixed in a
96 well cell culture plate with flat bottom (Costar 3596) plate with 100 pL of methanol
and 25 uL of a DPPH solution (0.02% in methanol). The mixtures were incubated for
60 minutes in the dark at room temperature, and the reduction of DPPH radicals was
measured at 517 nm (spectrophotometer Eon, Biotek Instruments). A control where
the sample without sodium chloride was replaced by deionized water was conducted
in the same manner, as well as a control where the sample with sodium chloride was
replaced by deionized water containing 2.25% of sodium chloride.

DPPH radical-scavenging activity was calculated as:

DPPH radical-scavenging activity (% of inhibition) = 100 x (absorbance of Control - absorbance of

sample) /absorbance of control

pH and Cooking loss

pH was determined by dipping a combined glass electrode of a digital pH
meter (SympHony, SB 80 PI) into the meat samples after cooking treatment. Water
loss during cooking was determined by difference on the weight of the samples

before and after cooking process and it was calculated as:

(%) =100 x (SBC — SA(;)/SBC

Where Sgc is the weight of the sample before cooking and Sac is the weight of the

sample after cooking.

Color

Objective color measurements were taken on the different treatments of cured
meat after cooking process (day 0) using a colorimeter (Minolta — Chroma Meter CR

300) with the CIE Lab scale providing visual hue and saturation values where L*
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values vary from 0 (black) to 100 (white), positive a* values indicate red while
negative a* values indicate green and positive b* values indicates yellow and

negative b* values indicates blue.

N-Nitrosamines

The extraction of NAs for the essays in solution was carried out through a
liquid-liquid extraction with dichloromethane, where 1 mL of the buffer solution
containing the formed NAs was extracted twice with 500 pL of the organic solvent,
totalizing 1 mL. Then, dichloromethane was dried with sodium sulphate and the
extracts were submitted to chromatographic analysis for the quantification of NAs.

A method proposed by Scheeren et al. (2015) was employed for the NAs
extraction in the cured meat treatments after 7 days of storage. Sample (10 g) was
placed in a 50-mL glass tube, and 5 mL of dichloromethane were added. The mixture
was homogenized with a vortex mixer (Vortex Genie 2 12-812, Fisherbrand; Allied
Fisher Scientific, Ottawa, ON, Canada) for 1 minute and then centrifuged for 10
minutes (1000 rpm; Dynac Il Centrifuge; Clay Adams, Fisher Scientific). The
supernatant was transferred with a Pasteur pipette (9", Fisherbrand; Fisher Scientific)
to a 20-mL glass tube. Another 5 mL of dichloromethane were added, and the
homogenisation and centrifugation steps were repeated. The supernatant obtained
from this second extraction was transferred into a 20-mL glass tube (both
supernatants were pooled together), and then 5 mL of 0.1 M phosphate buffer
solution (pH 7.0) were added. The samples were vortexed and centrifuged (2000
rpm; Allegra 6R centrifuge; Beckman Coulter, Mississauga, ON, Canada) to achieve
good separation of both phases, aqueous and organic. The solvent (in the lower part
of the tube) was carefully removed and transferred to another glass tube. Any drop of
agueous solution remaining was dried with sodium sulphate, and then the solvent
was transferred to a syringe (10-mL syringe, Luer-Lok Tip; BD, Franklin Lakes, NJ,
USA) and filtered (13 mm, 0.45 um, PTFE; Chromatographic Specialities Inc.,
Brockville, ON, Canada).

The analysis was performed by gas chromatography-methanol chemical
ionisation/mass spectrometry (GC-CI/MS) using a Varian model 3800 GC system
(Varian Instruments, Palo Alto, CA, USA) according to the method proposed by

Scheeren et al. (2015). Samples (1 uL) were injected with an autosampler
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(MultiPurposeSampler MPS 2; Gerstel, Baltimore, MD, USA) into a 1078/1079
split/splitless injector using a 10-pL syringe and a suitable glass liner (Split/Splitless
Tapered FocusLiner, 3.4-mm inner diameter; SGE, Austin, TX, USA). The injector
temperature was set at 300°C. The split mode was kept closed during the first 2
minutes, and then it was turned on and held at 10:1. Separations were performed on
a Factor Four VF-5ms column (5% phenyl/95% dimethylpolysiloxane, equivalent to
DB-5ms; Varian, Mississauga, ON, Canada) measuring 30 m by 0.25 mm with a film
thickness of 0.25 mm. The column was held at 35 °C for 2 minutes after injection and
then programmed at a rate of 12 °C/min to 100 °C, followed by 2 °C/min to 115 °C,
and finally 20 °C/min to 280 °C (held for 5.4 minutes). The solvent delay time was 3
minutes, and the total GC run time was 28.6 minutes. Ultra-high-purity 5.0—grade
helium (Praxair Canada Inc., Mississauga, ON, Canada) was used as carrier gas with
a constant flow rate of 1.2 mL/min. Detection was carried out by MS equipped with
ion trap (Saturn 2000; Varian, Palo Alto) in positive mode, using methanol as reagent
for Cl. The temperatures of the trap and transfer line were set to 150 and 220 °C,
respectively. The NAs were identified on the basis of their retention time and their
selected ion mass [M + 1]** (where M represents each molecular weight of NAs
individually). Sample peak areas were correlated to standard curves of NAs for

quantification.

Statistical analysis

The results of the analysis were expressed as mean + standard deviation.
Statistical analysis was carried out using Statistical Analysis System (SAS, Release
9.3, 2002, SAS Institute Inc., Cary, NC). Differences between means were analyzed
using analysis of variance (ANOVA) and multiple comparisons were corrected by
Tuckey at the 5% level of significance.

RESULTS AND DISCUSSION

Chemical composition and carnosine

Results for moisture, proteins and fat were 73.17 = 0.10%, 23.46 £ 0.32% and

4.27 £ 0.02%, respectively. The amount of carnosine obtained in the fresh meat was
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2.94 + 0.27 g/kg. These results are consistent with the literature for the muscle cut
(pork Longissimus dorsi muscle) used in this study (HIPKISS, 2009; MORA;
SENTANDREU; TOLDRA, 2008; ORDONEZ, 2005).

Antioxidant activity

Both carnosine and ascorbic acid are well-known antioxidants. In the current
study, antioxidant activity of carnosine was compared to sodium erythorbate in the
absence and presence of NaCl by the capacity of scavenging DPPH radical. Results
presented in Figure 2 showed that sodium erythorbate had higher antioxidant
capacity than carnosine for each of the seven concentrations studied (0.1 to 20
mg/mL). The percentage of inhibition of DPPH free radical by carnosine however
appeared to increase with its concentration in the solution with and without addition
of NaCl (0.00 - 53.60% and 0.14 - 65.10%, respectively) while sodium erythorbate
was constant (77.78 - 78.75% and 75.90 - 78.91%, respectively). Results presented
by Marus$i¢; Aristoy; Toldr4 (2013) also showed an increase on the antioxidant
capacity of carnosine with its concentration, reaching almost 60% of DPPH activity
on 25 mM (around 5.6 mg/mL) and becoming constant at higher concentrations.

Unlike sodium erythorbate, the antioxidant capacity of carnosine was
negatively affected (p < 0.05) by NaCl from a concentration of 7.5 mg/mL. Sodium
erythorbate at a concentration of 0.5 mg/mL (representing 0.5 g/L used in the
experiment in solution and 0.5 g/kg used on the experiment on meat), showed
76.98% of inhibition in the presence of NaCl, while carnosine at 4.5 mg/mL
(representing 4.5 g/L used in the experiment in solution) had an antioxidant activity of
21.51% and 28.37% at 7.5 mg/mL (representing 7.5 g/kg used in the experiment on
meat).



65

100 +

90 +

——ERY

-==ERY + NaCl

—=CAR

% of inhibition

==~CAR + Nadl

0 5 10 15 20
Antioxidant concentration (mg/mL)

Figure 2 - Antioxidant activities of sodium erythorbate and carnosine with and without
NaCl, expressed in terms of % inhibition of DPPH radical.

Sodium erythorbate and carnosine may inhibit oxidation of meats by several
mechanisms including their reducing activity, free radicals scavenging and transition
metals chelating activity (KOHEN et al., 1988; KOHEN; MISGAV; GINSBURG, 1991,
NIKI, 1991; CHAN et al., 1994; LEE; HENDRICKS; CORNFORTH, 1998).

Antioxidant activity of ascorbic acid may depend on its concentration in a
model system. In a study carried out by Lee; Hendricks (1997), the antioxidant or
prooxidant activity of ascorbic acid depended on the concentration of ascorbic acid
and Fe(lll) in a linoleic acid micelle system. In the presence of 100 mM Fe(lll),
ascorbic acid showed an antioxidant activity at high concentrations while at low
concentrations it showed a prooxidant activity. The high concentrations of ascorbic

acid probably reduced all the added Fe(lll) to Fe(ll), thereby restricting the redox

activity of iron.
pH and cooking loss

Results obtained for pH and water loss in cooking are presented in Table 4.
The carnosine amount was calculated based on the level measured in the fresh meat

and on the quantity of other ingredients added in each treatment as part of the
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experiment (2.85 £ 0.26 g/kg for NO, + NaCl, 2.85 + 0.27 g/kg for NO, + NaCl +
ERY, 7.34 + 0.26 g/kg for NO," + NaCl + CAR and 7.34 + 0.27 g/kg for NO," + NaCl +
ERY + CAR). Due to the high water-solubility of the dipeptide, only the results before
cooking were considered, because of its uncertain concentration in the water lost

during the heat process.

Table 3 - pH and cooking loss (%) in different treatments of model cured product
system in meat.

Treatments pH Cooking loss

%
NO, + NaCl 6.00 + 0.05° 4.09 + 0.55%
NO, + NaCl + ERY 6.01 +0.06° 4.23+1.18%
NO, + NaCl + CAR 6.21 +0.05% 2.01 +0.49°

NO, + NaCl + ERY + CAR  6.23+0.08% 2.28 +0.07°
ERY: sodium erythorbate; CAR: carnosine.

It was found that addition of 0.5 g/kg of sodium erythorbate in pork containing
2.25% of NaCl had no effect on the final pH values (6.01 + 0.06 for the treatment
NO, + NaCl + ERY and 6.00 + 0.05 in the control NO;" + NaCl), while an addition of
4.5 g/kg of carnosine had a significant increase (p < 0.05) by about 0.2 unit on pH
values, with or without combined addition of sodium erythorbate (6.23 + 0.08 and
6.21 £ 0.05, respectively). A similar finding was reported by Das; Anjaneyulu; Biswas
(2006) who observed that the pH values of the carnosine-treated ground buffalo meat
samples without NaCl stored in refrigerated storage (4 + 1 °C) were significantly (p <
0.05) higher than those of the control sample. The authors found that addition of
1.0% carnosine to ground buffalo meat increased pH by about 0.5 unit on day 0. In
another study, Lee; Hendricks; Cornforth (1999) found that the treatment with 1%
carnosine to ground beef increased meat pH by about 0.6 unit, but 0.1% ascorbic
acid decreased meat pH by about 0.2 unit through day 1 and day 3 and the
combination of carnosine and ascorbic acid counteracted the drop of meat pH seen
with ascorbic acid alone. Similarly, Aliani et al. (2013) found that pH values for bison
patties containing carnosine (1%) had significantly higher pH than the control
samples.

In the current study, there was a clear tendency for the cooking loss
percentage to decrease with an increase on carnosine amount and pH. The cooking

loss of meat samples containing carnosine and the combination of carnosine and
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sodium erythorbate showed the lowest loss (2.01 + 0.49 and 2.28 *= 0.07,
respectively), significantly (p < 0.05) below than the sample containing sodium
erythorbate (4.23 £ 1.18) and the control (4.09 + 0.55). These results were expected
due to the tendency for the water-holding capacity to increase with increasing meat
pH (TOLDRA, 2010). Similar results were obtained by Lee; Hendricks; Cornforth
(1999) who found that carnosine (1%) significantly increased cook yield of ground
beef, although ascorbic acid (0.1%) also used in the reported study had no effect. In
that study, the authors also found that carnosine treatment significantly increased
salt-soluble protein level, while ascorbic acid, on the contrary, significantly decreased
it and the combination of carnosine and ascorbic acid counteracted the effect of
ascorbic acid. The authors attributed these results to either the increase in meat pH
by carnosine or the combined effect of carnosine and ascorbic acid in increasing the
isoelectric point of proteins, thereby increasing their solubility and hence the water-
holding capacity of the meat. These results indicate that carnosine treatment

improved the functional properties of muscle proteins.

Color

Results of objective color (L*, a* and b*) are presented in Table 4. Cooked
cured meat samples containing carnosine had L* and b* values significantly (p <
0.05) lower than those where the dipeptide was not added. Carnosine contributed
this way to a purplish pink color while the treatments without carnosine had lighter
appearance.

Table 4 - Objective color (L*, a* and b*) in different treatments of model cured
product system in meat.

Treatments Color
L* a* b*
NO, + NaCl 72.77 +1.00° 10.50+0.22%® 7.32+0.262
NO, + NaCl + ERY 72.64 +1.00° 10.59+0.21* 7.48+0.352
NO, +NaCl + CAR 67.63+0.68° 10.11+0.27° 5.39+0.23°

NO, +NaCl + ERY + CAR 69.10 + 1.46° 10.15+0.25° 590+ 0.23°

ERY: sodium erythorbate; CAR: carnosine.

These results are likely related to the higher pH and higher water-holding
capacity of carnosine treated samples therefore increasing the concentration of



68

curing meat pigments that are water-soluble. Preliminary tests carried out for the
current study where the heat process was performed in meat samples containing
nitrite with and without addition of NaCl showed that the presence of salt contributed
for lower L* and b* values (results not presented in the Table 4) and contributed for
the explanation of the results. Das; Anjaneyulu; Biswas (2006) also found that ground
buffalo meat samples treated with carnosine (1%) maintained a reddish colour for a 6
- 8 days storage period. They related these results, in part, to the increased meat pH,
which is associated with darker reddish colour. However, Djeanne et al. (2004) and
Lee; Hendricks; Cornforth (1999) also showed a colour-stabilizing effect of carnosine
without an increase in meat pH when the carnosine solution was adjusted to the
initial meat pH.

Most of the researches about the effect of addition of carnosine on meat color
relate its capacity to inhibit metmyoglobin formation during meat storage. Carlsen et
al. (2002) related a weak ability of carnosine in reducing MbFe(lll) to MbFe(l)O; in
solution, indicating that the antioxidative activity of carnosine is not primarily
attributable to its reducing properties. However, Lee; Hendricks; Cornforth (1999)
related that ascorbic acid (0.1%) and/or carnosine (1%) inhibited (p < 0.05)
metmyoglobin formation in ground beef pattie model system and carnosine was
superior to ascorbic acid for maintaining redness on the bottom surface and in the
bulk of the products where oxygen tension was lower while the treatment with
ascorbic acid was more effective (p < 0.05) for maintaining redness on the top
surface of ground beef patties. This suggests that the low capacity of carnosine as
reducing agent found by Carlsen et al. (2002) is probably associated to the presence
of oxygen in the solution system. In the same study, Lee; Hendricks; Cornforth
(1999) found that after storage for 1 day the inhibition of metmyoglobin formation by
the combination of both was stronger than carnosine or ascorbic acid alone and
samples treated with ascorbic acid had the most bright red surface color, with highest
“a” values, whereas treatment with carnosine resulted in a more purplish red color. In
another study (ALIANI et al., 2013), bison patties made with 1% carnosine and made
with 0.1% ascorbic acid did not differ significantly L, a and b values from the control
samples. Das; Anjaneyulu; Biswas (2006) related that ground buffalo meat samples
treated carnosine (1%) significantly (p < 0.05) inhibited metmyoglobin formation in
comparison with the control. Retardation in the formation of the metmyoglobin in

beef, due to the effect of carnosine, was also reported by Bekhit et al. (2004).
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N-Nitrosamines

The results of NAs formation with the curing solution at pH 5.6 are presented
on Figure 3. The heat process had a significant effect (p < 0.05) on NAs formation
observed in the control (NO; + NaCl) for all NAs studied. These results were
expected considering that cooking process contributes to higher concentration of
nitric oxides species capable to form NAs on meat.

The addition of sodium erythorbate (0.5 g/L) and/or carnosine (4.5 g/L)
decreased significantly (p < 0.05) NAs formation compared to the control and this
pattern was observed for all NAs with and without heating (excepting for NPYR)
process applied. These results were expected considering that antioxidants can
decrease the concentration of nitrogen species responsible for NAs formation by
different mechanisms, including reducing nitrous acid directly to NO, reacting
primarily with N,O3 and NOCI over the precursor amines and also forming NO by
donating an electron to NO* (SKIBSTED, 2011; TANNENBAUM; WISHNOK; LEAF,
1991).

It was observed that the inhibitory NAs formation effect by sodium erythorbate
(NO;” + NaCl + ERY), carnosine (NO, + NaCl + CAR) and the combination of both
antioxidants (NO, + NaCl + ERY + CAR) did not vary statistically (p > 0.05) in
absence of heating. However, when heat treatment was applied, the effect of sodium
erythorbate on inhibition of NAs formation was significantly stronger (p < 0.05) than
carnosine. There was no increase in the inhibitory effect of samples containing both
erythorbate and carnosine compared to erythorbate alone. Scientific information that
could help in explaining the inferior performance of carnosine on inhibition of NAs
formation in heated samples are limited. This paper is the first ever published on the
effect of carnosine on NAs formation. The mechanisms of carnosine to form NO are
still not well understood and it makes difficult to make a comparison with erythorbate.
Indications that carnosine has low capacity as reducing agent when oxygen is
present (see color results section) associated to the antioxidant activity results in the
present study permit to conclude that erythorbate was more effective to form NO from
N,O3 and NO* than carnosine in the current solution experiment conditions (presence
of oxygen) and it may possibly explain why carnosine had lower effectiveness in

reducing NAs formation when heat process is applied.
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The results obtained with the meat system however differ significantly than the
preceding ones obtained with the curing solution and are presented on Figure 4. In
meat, carnosine was not effective in decreasing NAs formation compared to the
control and did not present less effect for cooked meat products compared to
erythorbate. On the contrary, sodium erythorbate contributed for an increase in NAs
formation. This result disagrees with Tannenbaum; Wishnok; Leaf (1991), who
reported that erythorbate is capable to decrease NAs formation in cured meat
products. To understand the results found in the present study, it is important to
highlight that NAs determination was carried out in cooked cured meat after 7 days of
storage at 4 °C in the presence of oxygen. Residual nitrite present on meat contribute
to the increase of nitrogen species able to react with secondary precursor amines
(mainly NO* and N,Os3) and thus NAs concentration during the storage time
increases (SCHEEREN et al., 2015; YURCHENKO; MOLDER, 2007). Therefore, if
on one side erythorbate had a superior effect than carnosine on inhibiting NAs
formation in the presence of oxygen (as shown in the results of the solution
experiment) because its higher ability to react with N,O3; and NO* forming NO, on the
other side, higher concentration of NO contributes for an increase on NAs formation
during storage time (last reaction shown above). Moreover, according to Hipkiss
(2009) carnosine appears to play roles not only in NO generation but also in
protection against excess NO production by inducible nitric oxide synthetase (NOS).

Another important point is that myoglobin tends to oxidize to metmyoglobin
within time. Ascorbic acid is more effective than carnosine on metmyoglobin redu
ction on meat products in the presence of oxygen (PEGG; SHAHIDI, 2000; LEE;
HENDRICKS; CORNFORTH, 1999) according to the reaction shown below:

2 MbFe(lll)-H,0 + CgHgOg ——°,— 2 MbFe(l1)-O, + CgHgOp

As more ascorbic acid is used for metmyoglobin reduction, as less it remains
available for being used to reduce NO" formed during the storage time. Therefore,
the higher formation of NO initially by erythorbate associated with lower erythorbate
availability to reduce NO™ to NO due to its consumption for metmyoglobin reducing
reactions might explain the higher NAs formation on cooked meat products stored for
7 days in the presence of oxygen. These indications also can explain why, unlike in

meat experiment where erythorbate contributed for an increase in NAs concentration,
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in the solution where no myoglobin was present, the erythorbate had a positive effect
on the inhibition of NAs formation. In general on the meat experiment, the results for
the treatment with erythorbte and carnosine combined followed the same pattern

than carnosine alone.
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Figure 3 - N-Nitrosamines content (ug/L) in different treatments of model cured product system in solution.
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Figure 4 - N-Nitrosamines content (ug/kg) in different treatments of model cured product system in meat.
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CONCLUSION

Addition of 0.5 g/kg of sodium erythorbate had no effect on the final pH values
compared to the control on meat, while an addition of 4.5 g/kg of carnosine increased pH
values by about 0.2 unit, with or without combined addition of sodium erythorbate. A
decrease in cooking loss percentage on meat samples treated with carnosine was also
observed. These results represent an important impact economic for the meat industry.

In the curing solution both erythorbate and carnosine had a positive effect on the
inhibition of NAs formation and the superior inhibiting effect of erythorbate was
explained by its higher ability to reduce N,O3 and NO™ to NO in the presence of oxygen,
contributing to its superior effect when heat process was applied. On the contrary, in
meat samples stored in the presence of oxygen, sodium erythorbate contributed to an
increase in NAs concentration with respect to the control that is likely attributable to its
higher initial NO formation and its consumption for metmyoglobin reducing reactions
during storage time. Added carnosine brought this increased NAs formation by
erythorbate to the level found in the control. The difference in NAs formation between
the two models can be explained by the presence of myoglobin in the meat system
making a demand on available erythorbate. The combined information from the two
systems indicates that carnosine offers an added protection for NAs inhibition in
condition of excess formation.

More investigations must be conducted with the purpose to understand better the
effect of carnosine, erythorbate and the combination of both on protein and lipid
oxidation and metmyoglobin reduction during shelf-life of cured meat products in the
presence and absence of oxygen and thus optimize an ideal condition for inhibiting NAs

formation.
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DISCUSSAO

Neste trabalho, um método simples (preparo e extracdo de amostra), acessivel,
reprodutivel e confiavel (quantificacdo) foi desenvolvido e validado como método
analitico alternativo para medir quantidades trago de N-nitrosaminas em diferentes tipos
de produtos carneos curados durante o tempo de armazenamento. Nove N-
nitrosaminas volateis (N-nitrosodimetilamina, N-nitrosometiletilamina, N-
nitrosodietilamina, N-nitrosopirrolidina, N-nitrosodipropilamina, N-nitrosomorfolina, N-
nitrosopiperidina, N-nitrosodibutilamina e N-nitrosodifenilamina) foram extraidas das
amostras de produtos carneos curados utilizando-se diclorometano como solvente de
extracdo, seguido da limpeza da amostra com tampao fosfato pH 7,0. Os extratos
organicos foram submetidos a analise cromatografica (cromatografia gasosa) acoplada
a espectrometria de massas com ionizacdo quimica em modo positivo utilizando
metanol como reagente (GC-CI/MS). O método tem como vantagens a utilizacdo de um
baixo volume de solvente organico no procedimento de extracdo sem necessidade de
uma aparelhagem especifica, além de empregar um instrumento analitico que é
comumente encontrado em laboratérios de andlises de alimentos, oferecendo a
possibilidade de uma implementacao pratica na rotina dos mesmos. A sensibilidade e a
seletividade do método analitico desenvolvido foram satisfatorias e os limites de
deteccdo variaram de 0,15 a 0,37 ug/kg, enquanto os limites de quantificacdo variaram
de 0,50 a 1,24 ug/kg para todas as N-nitrosaminas analisadas. Os valores obtidos na
avaliacdo da recuperacdo da extracdo realizada em presuntos cozidos enriquecidos
com 10 e 100 pg/kg foram entre 70% e 114%, respectivamente, com um desvio padrao
relativo médio de 13,2% e estes resultados estdo dentro dos limites aceitos pela AOAC
(2002).

A aplicacdo do método desenvolvido foi bem sucedida para a determinacéo de
N-nitrosaminas em cinco diferentes produtos curados, incluindo presunto cozido,
presunto seco, linguica cozida, pepperoni (linguica seca) e mortadela. Estes produtos
foram adquiridos em um mercado local e foram escolhidos por representar a maior
parte dos diferentes processos empregados na industria de carnes: produtos curados

cozidos, produtos de cura seca, produtos fermentados e produtos emulsionados. Para
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avaliar o efeito do periodo de armazenamento na formagdo dos compostos
cancerigenos nitrogenados, reais condicdes de consumo destes produtos foram
simuladas e as amostras foram analisadas no dia 0 (dia em que os produtos foram
comprados) a partir da embalagem fechada (sob vacuo) e também depois de sete dias
de armazenamento a uma temperatura de 4 °C em um recipiente de polipropileno (sem
vacuo). Em geral, um aumento na concentragcdo de N-nitrosaminas foi observado
durante o periodo de armazenamento. Este resultado esta de acordo com a literatura
(YURCHENKO; MOLDER, 2007) e ja era esperado considerando que a sua reagdo de
formacao pode continuar acontecendo enquanto ha nitrito residual presente no produto.
As N-nitrosaminas mais abundantes encontradas nos produtos carneos estudados
foram N-nitrosodipropilamina (1,75 a 34,75 pg/kg) e N-nitrosopiperidina (1,50 a 4,26
Ma/kg). Ozel et al. (2010) também relataram a presenca destas duas N-nitrosaminas em
salsicha e salame, porém em concentracfes inferiores, enquanto em outros estudos
(HERRMANN et al., 2014; SANNINO; BOLZONI, 2013) estas nao foram sequer
detectadas nos produtos analisados. N-nitrosodietilamina, N-nitrosomorfolina e N-
nitrosodifenilamina ndo foram encontradas nos produtos carneos analisados neste
estudo, mesmo depois de sete dias de armazenamento. Estes resultados sao
consistentes com outros estudos (HERRMANN et al., 2014; SANNINO; BOLZONI,
2013) onde a presenca destas N-nitrosaminas também néo foi detectada.

Com o objetivo de avaliar o efeito do dipeptideo natural carnosina no controle da
reacdo quimica de formacado de N-nitrosaminas em produtos carneos curados e devido
a auséncia de informacdes cientificas na literatura sobre este tépico, dois sistemas
modelo foram utilizados neste estudo: o primeiro foi conduzido visando estudar o efeito
direto do dipeptideo sem o efeito da matriz e foi realizado em solu¢do tampao com um
pH 5,6 (pH médio da carne suina); o segundo objetivou avaliar o efeito da matriz carnea
na performance da carnosina apos sete dias de armazenamento sob condi¢cdes que
imitam o consumo dos produtos carneos curados cozidos apds a abertura da
embalagem (sem vacuo e a baixas temperaturas). Em ambos sistemas, o efeito da
carnosina foi comparado ao de um antioxidante normalmente utilizado na indUstria de
carnes (eritorbato de sodio) e ao efeito sinergético da combinacdo de ambos. No

sistema modelo conduzido na matriz carnea, o efeito da adicdo dos antioxidantes nas
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propriedades tecnolodgicas dos produtos também foi avaliada e estes resultados deram
assisténcia a explicacdo dos resultados encontrados na analise de N-nitrosaminas. A
atividade antioxidante da carnosina e do eritorbato de sodio na presenca e auséncia de
cloreto de sodio também foi avaliada com o objetivo de auxiliar a compreensdo e
sustentar os resultados obtidos.

Em relagédo a capacidade antioxidante, medida através do método de captura de
radicais livres de 2,2-difenil-1-picril-hydrazil (DPPH), carnosina mostrou-se ser um
antioxidante menos efetivo que o eritorbato de sddio nas concentracfes estudadas (0,1
a 20 mg/mL). Porém, a percentagem de inibicAo dos radicais DPPH mostrou-se
constante para o eritorbato (de 75,90 a 78,91% sem adicdo de cloreto de sddio e de
77,78 a 78,75% na presenca do sal), enquanto um aumento da capacidade antioxidante
em funcdo de um aumento da concentracao foi observada para a carnosina (de 0,14 a
65,10% e 0,00 a 53,60% na auséncia e na presenca de cloreto de sddio,
respectivamente). Resultados apresentados por Marusic; Aristoy; Toldra (2013) também
mostraram um aumento da capacidade antioxidante da carnosina em funcdo da
concentracdo. Resultados do presente estudo revelam que, ao contrario do eritorbato
de sddio, a atividade antioxidante da carnosina foi negativamente afetada (p < 0,05) na
presenca de cloreto de sodio a partir de uma concentracdo de 7,5 mg/mL. A uma
concentracdo de 0,5 mg/mL (representando a concentracdo usada no presente
experimento nos testes realizados em solugdo e na carne), o eritorbato de sédio
apresentou uma atividade antioxidante de 76,98% de inibicdo na presenca de sal,
enguanto carnosina apresentou 21,51% de inibicdo a uma concentracdo de 4,5 mg/mL
(representando 4,5 g/L usados no teste em solucdo) e 28,37% a uma concentracdo de
7,5 mg mL? (representando uma concentracdo final de 7,5 g/kg no experimento
realizado em matriz carnea).

A adicéo de 0,5 g/kg de eritorbato de sédio em carne suina contendo 2,25% de
cloreto de sodio ndo apresentou nenhum efeito nos valores de pH comparado ao
controle, sem adicdo de antioxidantes (6,01 + 0,06 e 6,00 £ 0,05, respectivamente),
enquanto a adicdo de 4,5 g/kg de carnosina isolada ou combinada com o eritorbato
promoveu um aumento significativo (p < 0.05) de cerca de 0,2 unidades nos valores de

pH (6,23 £ 0,08 e 6,21 + 0,05, respectivamente). Resultados similares foram
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encontrados em um estudo realizado por Lee; Hendricks; Cornforth (1999) onde carne
de gado moida tratada com carnosina (1,0%) obteve um valor de pH significativamente
superior (p < 0,05) de cerca de 0,6 unidades em relacdo as amostras controle. Porém,
neste mesmo estudo, os autores relataram um decréscimo de cerca de 0,2 unidades de
pH do dia 1 ao dia 3 quando 1,0% de acido ascérbico foi utilizado e a combinacdo de
carnosina e ascorbato neutralizou a queda do pH da carne notada com &cido ascoérbico
isolado. Como esperado, uma clara tendéncia ao aumento da agua retida apds o
cozimento em funcdo do aumento do pH foi observada. A percentagem de perda por
cozimento das amostras contendo carnosina e a combinagdo de carnosina com
eritorbato de sédio (2,01 £ 0,49 e 2,28 + 0,07, respectivamente), foi significativamente
menor (p < 0,05) que a amostra controle (4.09 + 0.55) e que a amostra contendo
eritorbato (4,23 = 1,18). Lee; Hendricks; Cornforth (1999) obtiveram resultados similares
em carne de gado moida em que amostras tratadas com 1,0% de carnosina
aumentaram significativamente (p < 0,05) a quantidade de &gua retida depois do
cozimento, enquanto amostras tratadas com 0,1% de acido ascorbico ndo obtiveram
diferenca em relacdo ao controle. Estes resultados indicam que um aumento na
concentracdo da carnosina poderia afetar as propriedades tecnoldgicas e sensoriais
dos produtos carneos (como cor, textura a rendimento do peso do produto) devido ao
acréscimo de valores de pH e da capacidade de retencao de agua.

As andlises da cor objetiva realizada nos diferentes tratamentos de carnes
curadas logo apés o processo de cozimento (dia 0) indicam que as amostras tratadas
com carnosina tiveram valores de L* e b* significativamente inferiores (p < 0,05) do que
os tratamentos onde o dipeptideo ndo foi adicionado. Estes resultados podem estar
parcialmente relacionados aos valores obtidos de pH e perda de agua durante o
cozimento devido a capacidade da carnosina em aumentar a capacidade de retencéo
de agua nos produtos e, consequentemente, aumentar a retencdo dos pigmentos que
sao hidrossoluveis. Testes prévios conduzidos para o presente estudo, onde amostras
de carne suina contendo nitrito com e sem adi¢éo de cloreto de sddio foram submetidas
ao processo de cozimento mostraram que a presenca do sal contribuiu para uma
diminuicdo dos valores de L* e b*. Estes resultados confirmam o efeito do aumento na

retencdo de agua na diferenca de cor observada pela adicdo da carnosina. Em outro
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estudo, carne de bufalo moida tratada com carnosina (1,0%) manteve a cor
avermelhada durante 6 a 8 dias do periodo de armazenamento e estes resultados
também foram relacionados, em parte, ao acréscimo nos valores de pH (DAS;
ANJANEYULU; BISWAS, 2006).

A formacdo de metamioglobina (MbFe®) por radicais livres é um fator
predominante que influencia a estabilidade da cor e a maior parte das pesquisas
desenvolvidas que buscam avaliar o efeito da carnosina na cor da carne relacionam a
capacidade antioxidante deste dipeptideo em inibir a formacédo do pigmento durante o
periodo de armazenamento dos produtos. Carlsen et al. (2002) relataram uma fraca
habilidade da carnosina em reduzir MbFe** & MbFe?*, indicando que a capacidade
antioxidante da carnosina ndo pode ser atribuida a sua capacidade de agir como
agente redutor. Porém, resultados obtidos por Lee; Hendricks; Cornforth (1999) indicam
que o acido ascorbico (0,1%) e/ou carnosina (1%) inibiram significativamente (p < 0,05)
a formacdo de metamioglobina em um sistema modelo onde carne de gado moida foi
utilizada. Estes autores também relataram que a carnosina teve um efeito superior ao
acido ascorbico onde a concentragcdo de oxigénio no sistema estava reduzida, enquanto
0 acido ascérbico teve um melhor resultado que a carnosina na superficie do produto
em contato com o oxigénio. Portanto, a baixa capacidade da carnosina em agir como
reagente redutor pode estar associada a presenca de oxigénio no sistema.

Como esperado, os resultados da formagdo de N-nitrosaminas no sistema
modelo em solugdo pH 5,6 apontam que o processo de aguecimento (75 + 1 °C during
15 minutos) promoveu um aumento significativo (p < 0.05) na concentracdo destes
compostos cancerigenos nitrogenados, observado no tratamento controle. O aumento
da temperatura contribui para um aumento da concentracdo de espécies de nitrogénio
responsaveis pela nitrosagdo de aminas precursoras. Este fato pode ser possivelmente
associado com o aumento da liberacdo de fons Fe?* previamente ligados & molécula de
mioglobina com o aumento da temperatura. As condi¢des oxidativas e o0 ion nitrito
presente no sistema podem promover a oxidagédo do Fe®* a Fe*, o qual pode reagir
com NO formando NO* (uma das principais espécies nitrogenadas usadas na reagdo
de formac&o de N-nitrosaminas) (FAUSTMAN et al., 2010; TOLDRA, 2010; HONIKEL,
2008). A adicdo de eritorbato de sodio (0,5 g/L) e/ou carnosina (4,5 g/L) inibiu
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significativamente (p < 0,05) a formacao de N-nitrosaminas em relacdo ao controle sem
a aplicacao do tratamento térmico (com excecao de N-nitrosopiridina) e também quando
as amostras foram submetidas ao aumento da temperatura. Este resultado pode ser
atribuido a capacidade antioxidante destas substancias, promovendo a diminui¢cdo das
espécies de nitrogénio utilizadas na formacao de N-nitrosaminas através de diferentes
mecanismos, incluindo a reduc¢éo direta do acido nitroso (HNO,) & oxido nitrico (NO),
reacdo com N,Os3; e NOCI e reducdo do ion NO* & NO (SKIBSTED, 2011;
TANNENBAUM; WISHNOK; LEAF, 1991). Entretanto, o efeito do ascorbato de sédio
sozinho ou combinado com a carnosina na inibicdo da formagdo dos compostos
cancerigenos nitrogenados foi significativamente maior (p < 0.05) que o efeito da
carnosina sozinha quando as amostras foram submetidas ao tratamento térmico. A
atividade antioxidante inferior da carnosina em relacdo ao eritorbato associada as
indicacOes de que a carnosina tem sua capacidade antioxidante reduzida na presenca
de oxigénio permitiram concluir que a carnosina é provavelmente menos efetiva para
reagir com N,Os; and NO" e formar NO comparada ao eritorbato e isto possivelmente
explica porque sua eficiéncia na inibicdo da formacéo de N-nitrosaminas foi inferior & do
eritorbato quando o processamento térmico foi aplicado.

Os resultados do experimento conduzido em matriz carnea mostraram que o
comportamento do eritorbato de sodio e da carnosina como inibidores da formacao de
N-nitrosaminas foi inconsistente em relacdo ao que foi observado em solugédo. Ao
contrario dos resultados obtidos em solucéo, na carne o eritorbato de sddio contribuiu
para um aumento significativo (p < 0.05) na formacao de N-nitrosaminas em relacédo ao
controle. Além disso, a carnosina foi efetiva para diminuir este aumento na formacéo de
N-nitrosaminas (causada pelo eritorbato) ao nivel encontrado no controle. Para
compreender os resultados obtidos no presente estudo, é importante lembrar que a
quantificacdo de N-nitrosaminas foi realizada na carne curada cozida apos um periodo
de armazenamento de sete dias na presenca de oxigénio. Sabe-se que o nitrito residual
presente na carne pode ser convertido a espécies nitrogenadas que reagem com
aminas precursoras e que, portanto, pode contribuir para 0 aumento da concentragéo
de N-nitrosaminas durante o tempo de armazenamento. Portanto, se por um lado o fato

do eritorbato de sédio possuir maior habilidade de reagir com N,Os; e NO* gerando NO
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pode contribuir mais efetivamente para inibir a reacdo de formacdo de substancias
cancerigenas nitrogenadas, por outro lado, uma maior concentracdo de NO no sistema
contribui para um aumento na concentragcdo de N-nitrosaminas durante o periodo de
armazenamento. Além disso, também € conhecido o fato de que, na presenca de
oxigénio, o &cido ascorbico age efetivamente na reducdo da formacdo da
metamioglobina em produtos carneos durante seu periodo de armazenamento (PEGG;
SHAHIDI, 2000; LEE; HENDRICKS; CORNFORTH, 1999). Assim, reduz-se a
quantidade disponivel do antioxidante para ser utilizada na reducdo do NO* formado
durante o periodo de armazenamento. De acordo com Hipkiss (2009), apesar da sua
funcdo no mecanismo das reacdes de nitrosacdo ndo ser totalmente conhecida, a
carnosina parece desempenhar um papel importante na geracdo de NO mas também

na protecdo contra o excesso da producédo de NO em sistemas bioldgicos.



CONCLUSAO

O eritorbato de sddio promoveu um aumento na concentracéo de N-nitrosaminas
em carnes curadas cozidas armazenadas por um periodo de sete dias a uma
temperatura de 4 °C na presenca de oxigénio enguanto o0 mesmo comportamento nio
foi observado com a carnosina sozinha ou combinada com o eritorbato. Ao contrario
dos resultados obtidos na matriz carnea, em solucdo ambos os antioxidantes tiveram
um efeito positivo na inibicdo da formacédo de N-nitrosaminas e a maior habilidade do
eritorbato como redutor na presenca de oxigénio, contribuiu para o seu efeito superior
no controle da reacdo quando o processo térmico foi aplicado.

Eritorbato de sédio apresentou atividade antioxidante superior a carnosina mas
0s resultados para eritorbato de soédio permanecem constantes enquanto que para
carnosina a atividade antioxidante aumentou em fungéo da concentragcdo. No entanto,
nao o efeito dos diferentes antioxidantes nas reacfes de oxidacao lipidica e protéica
nao pode ser observado pois ndo houve evolucdo das reacdes oxidativas mesmo no
controle.

As amostras de carne contend carnosina tiveram uma diminuicdo significativa
nos valores de L* e b* em relacdo aos tratamentos onde o dipeptideo nado foi
adicionado, promovendo produtos com uma aparéncia mais purpura € menos clara.
Além disso, a adicdo de carnosina isolada ou combinada com eritorbato de soédio
aumentou os valores de pH e de retencdo de agua durante o cozimento, enquanto a

adicao de eritorbato ndo apresentou nenhuma diferenca em relacéo ao controle.



SUGESTOES

Futuras pesquisas objetivando o monitoramento da qualidade microbiolégica e
sensorial de carnes com elevados niveis de carnosina e de produtos carneos curados
elaborados a partir desta matéria-prima sdo fortemente recomendadas. Além disso,
sugere-se que mais investigacbes sejam conduzidas com o proposito de melhor
compreender como as reacdes oxidativas (lipidicas e protéicas) e a formacédo da
metamioglobina podem interferir na performance da carnosina, do eritorbato de sédio e
da combinacao de ambos no controle da formacéo de N-nitrosaminas durante o periodo

de armazenamento, na auséncia e presenca de oxigénio.
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