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de Souza Koerich, K. Rotulagem, qualidade e seguranca bioldgica de
alimentos para animais de companhia e seu impacto na satde. 2013.
Tese (Doutorado em Ciéncia dos Alimentos) — Programa de Pds-
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RESUMO

Nas (ltimas décadas houve um aumento consideravel na
comercializacdo de alimentos para animais de companhia. Com foco na
garantia desses alimentos, o presente trabalho obteve dados sobre o
perfil qualitativo e de seguranca de produtos comercializados em
diferentes continentes, relacionando a influéncia de contaminantes
bioldgicos presentes nos alimentos com possiveis danos a satde animal.
As etapas iniciais de desenvolvimento e obtencdo de dados foram
baseadas na certificagdo de concordéncia das informacGes descritas na
rotulagem com a legislacdo vigente, além da verificacdo da veracidade
das informagdes nutricionais do produto final embalado. Com relacéo a
adequacdo de layouts de alimentos secos para cdes comercializados no
Brasil, 100% das amostras estavam em discordancia com as exigéncias
estabelecidas em lei. J& na verificagdo da veracidade dos niveis de
garantia nutricional declarados na rotulagem de alimentos destinados a
cdes e gatos, 44% ndo correlacionaram o0s niveis nutricionais presente no
alimento com os niveis de garantia estabelecidos e 36% das amostras
estavam em desacordo com niveis nutricionais minimos preconizados
para a manutencdo e desenvolvimento animal. Indicadores de qualidade
e seguranga alimentar também foram avaliados com o intuito de
investigar a presenca de contaminantes bioldgicos, incluindo seus
metabdlitos tdxicos até entdo ndo discutidos em alimentacdo destinada a
animais de companhia (como sujidades leves e formacdo de aminas
bioativas). No estudo de indicadores de condi¢Bes higiénico-sanitérias
de amostras de alimentos secos para cédes e gatos, as contagens totais
(cargas bacterianas e fungicas) estavam dentro de valores considerados
aceitaveis para consumo. No entanto, fungos micotoxigénicos foram
isolados: género Aspergillus (A. parasiticus, A. niger e A. ochraceus) e
Penicillium (P. expansum). A presenca de agentes bacterianos em
alimentos para cées e gatos (ricos em proteinas) pode favorecer a
producdo de aminas bioativas (biogénicas e poliaminas), importantes
indicadores das condicBes higiénico-sanitarias aplicadas durante as
etapas de producdo do alimento final, assim como podem ser toxicas a
salde animal. A principal amina biogénica detectada foi a histamina



(96%), seguida pelas putrescina e cadaverina (92%). A partir do
conhecimento do perfil qualitativo bioldgico dos alimentos secos, esses
dados foram correlacionados com diferentes formas de exposi¢do do
produto nos pontos de venda (embalagens abertas e/ou lacradas) e riscos
associados a seguranca alimentar. Em avaliacdo realizada para verificar
as condicdes de comercializagcdo em embalagens abertas (a granel) de
alimentos completos para cdes e passaros, essa forma de exposicao
proporcionou aumento nos teores de umidade e atividade de agua,
favorecendo o crescimento de fungos toxigénicos e micotoxinas. A
presenca de insetos, acaros e pélos de roedores no produto final também
devem ser considerados como importantes veiculadores desses agentes
bioldgicos (bactérias, fungos e micotoxinas). Na avaliacdo de alimentos
para cdes comercializados em embalagens lacradas, 87% das amostras
continham algum tipo de sujidade bioldgica leve (fragmentos de insetos
e acaros). Com relacdo aos ensaios micoldgicos, foi observado
contaminacdo em todas as amostras, com presenca dos géneros
Aspergillus (80,6%) e Penicillium (54,8%), e contaminagdo por
fumonisinas em 32,2% das amostras. A partir dos diversos dados, foi
possivel obter subsidios para futuras discussfes e revisdes sobre os
padrdes legais vigentes e limites de tolerancia estabelecidos, garantindo
a saude dos animais consumidores. Lembrando que a dieta de animais
de companhia é baseada em somente um tipo de alimento, o qual
consumido diariamente, amplifica a exposicdo a possiveis
contaminantes bioldgicos presente na dieta.

Palavras-chave: alimentos, rotulagem, qualidade, seguranca, animais
de companhia



de Souza Koerich, K. Labeling, quality and biologic safety of pet food
and impact on animal health. 2013. Thesis (Doctorate in Food
Science) — Program of Post Graduation in Food Science, Federal
University of Santa Catarina, Florianopolis.

ABSTRACT

A considerable increase in the marketing of pet foods has been observed
in recent decades. With a focus on ensuring these foods, this study
obtained data on the qualitative and safety of products marketed in
different continents, relating the influence of biological contaminants in
foods with possible damage to animal health. The initial stages of
development and obtaining data were based on the labeling information
and certification of regulation compliance, beyond to check the accuracy
of the nutritional information of the final packaged product. Regarding
the adequacy of layouts dry dog food sold in Brazil, 100 % of the
samples were not in accordance with the requirements established by
regulation. Respect the check the accuracy of the guarantee levels
declared in nutrition labeling of dogs and cats foods, 44 % did not
correlate the levels present in food with nutritional levels established
warranty and 36 % of the samples were in disagreement with minimum
nutritional levels recommended for the maintenance and animal
development. The food quality and safety indicators were also evaluated
in order to investigate the presence of biological contaminants, including
toxic metabolites not previously discussed on pet food (such as light
filth and bioactive amines formation). In the study of indicators of
hygienic-sanitary conditions of dogs and cats dry food samples, the total
counts (bacterial and fungal loads) values were considered acceptable
for animal consumption. However, mycotoxigenic fungi were isolated:
Aspergillus (A. parasiticus, A. niger and A. ochraceus) and Penicillium
(P. expansum). The presence of bacterial agents in dogs and cats food
(in which are rich in proteins) may favor the bioactive amines formation
(biogenic and polyamines), important indicators of the sanitary
conditions applied during the final food production, as can be toxic to
animal health. The main biogenic amine detected was histamine (96 %),
followed by putrescine and cadaverine (92 %). From the knowledge of
biological qualitative profile of dry foods, these data were correlated
with different forms of product presentation at point of sale (opened
packages and/or sealed) and risks associated with food safety. In
evaluation performed to check the marketing conditions in opened
packages (open bulk bags) of dogs and birds food, this form of exposure



increased the moisture content and water activity, favoring the toxigenic
fungi growth and mycotoxins production. The presence of insects, mites
and rodents hair in the final product must also be considered important
biological agents carrier (bacteria, fungi and mycotoxins). In the
evaluation of dog food sold in sealed packages, 87 % of samples
contained some sort of biological light filth (as fragments of insects and
mites). Respect to the mycological tests, contamination was observed in
all samples, with the presence of genera Aspergillus (80.6 %) and
Penicillium (54.8 %), and fumonisin contamination in 32.2 % of
samples. From the various data, it was possible to obtain a basis for
future discussions and reviews on current standards regulation and
tolerance limits established, ensuring animal health consumers.
Important to mention that the pet animals diet is based on monotype
food, which consumed daily, amplifies the potential exposure to
biological contaminants present in the diet.

Keywords: food, labeling, quality, safety, pets
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1 INTRODUCAO

Nas Ultimas décadas tem sido observado um aumento
consideravel na comercializagdo de alimentos para animais de
companhia impulsionada pela (a) elevada populacdo desses animais e a
conscientizacdo dos beneficios que eles trazem ao homem;
(b) necessidade de agregar valor a producdo mundial de graos; (c) apelo
comercial e atrativo das empresas produtoras internacionais e a
(d) sofisticacdo dos padrdes de consumo dos proprietarios, com a maior
procura de alimentos saudaveis, equilibrados e praticos para seus
animais.

Muitos dos ingredientes adicionados na formulagdo de
alimentos destinados a animais de companhia também sao utilizados
para a alimentacdo humana, com destaque estdo os produtos de origem
vegetal. Com a grande safra de grdos no Brasil, Estados Unidos e China,
liderados principalmente por comodities como o milho, soja e arroz
(detendo 91,3% de todo a produgdo de cereais, leguminosas e
oleaginosas), hd um aumento direto na producdo de alimentos para
animais, tanto de producéo quanto de companhia.

O Brasil atualmente, segundo informagdes da Associagdo
Brasileira da Industria de Produtos para Animais de Estimagio
(ABINPET), corresponde a 8% do faturamento mundial do mercado de
produtos para animais de companhia, competindo com o Japdo e atras
apenas dos Estados Unidos. O segmento de alimentos para animais de
companhia detém a lideranga do faturamento, com 69% de participagao.
Esse volume cresce entre 3 e 7% ao ano (ABINPET, 2013). No entanto,
a preocupacdo com a manutencdo da qualidade desses alimentos tem
aumentado, principalmente por parte dos proprietarios, ja que o0 mercado
esta em franco aquecimento econdmico. Com a instalacdo de diversas
indUstrias do ramo, tanto nacionais quanto internacionais, surge entdo a
questdo: como estdo sendo controladas a qualidade e a seguranga desses
produtos?

Em se tratando da qualidade de ingredientes, o0 mercado de
alimentos para animais de companhia necessita de maior atencéo, ja que
ndo existe regulamentacdo especifica tanto para as embalagens e para
todos os outros segmentos da producdo, como destaque na fidelidade da
manutencdo da composicdo e a segunca alimentar. A qualidade e
seguranca biolégica de alimentos para animais de companhia envolvem
0 controle de varios segmentos da cadeia produtiva, desde as técnicas
aplicadas na agricultura para desenvolvimento de plantas saudaveis até a
producdo industrial, o transporte do produto final, incluindo seu
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armazenamento nas agropecurarias/pet shops, € o tratamento a nivel
doméstico.

E importante ressaltar a importancia dessas duas Ultimas
etapas da cadeia produtiva, jA4 que o produto final pode ter sido
produzido sob controle total de qualidade, porém perdendo essas
caracteristicas por falta de conhecimento dos distribuidores. Além disso,
com a diversidade de composicdo desses produtos, contendo
ingredientes de origem animal e vegetal, a probabilidade de
contaminacdo € maior. Nem sempre o processamento do alimento
garante a eliminacdo de agentes contaminantes veiculados pelos
ingredientes, assim como durante a manipulacdo do alimento animal.
Existem poucos estudos sobre a qualidade e seguranca biol6gica desses
alimentos comercializado, os riscos de contaminacdo e danos a salde
aos animais de companhia. Quando esses estudos existem, ficam
restritos aos proprios fabricantes que, por sua vez, nao apresentam
interesse na divulgacao.

Com foco na garantia desses alimentos oferecidos diariamente
a cdes, gatos e passaros, o presente trabalho visou obter dados
importantes sobre a qualidade e seguranca biolégica desses alimentos,
relacionando a influéncia dos diferentes contaminantes presentes nos
alimentos, sempre focando na salde animal. As etapas de
desenvolvimento e obtengdo de dados iniciaram com a correlagdo das
informacg®es descritas na rotulagem e a legislacdo internacional vigente
bem como a veracidade e fidelidade das informagdes nutricionais do
produto final. Também foi avaliada a seguranca relacionada a
contaminantes bioldgicos (bactérias, fungos, insetos, acaros e roedores)
e seus metabdlitos, até entdo ndo discutidos em alimentago animal
(como as aminas bioativas e toxinas), sempre relacionando com forma
de exposicdo do produto (embalagens abertas e/ou lacradas). A partir
destes dados, foram obtidos subsidios para futuras discussoes, revisoes
e atualizacdes dos padrdes legais e limites de tolerancia permitidos para
aprimorar a saude dos animais consumidores através de uma boa e
segura alimentacéo.
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1 REVISAO BIBLIOGRAFICA
1.1 Alimentos para animais de companhia

O comércio de alimentos para animais de companhia tem se
tornado um mercado extenso e promissor no agronegocio. Isto é
resultado do aumento do nimero de animais de companhia no Brasil.
Em 2013, estima-se que a populagdo desses animais € de 101,1 milhdes,
sendo 37 e 21 milhGes de cdes e gatos no pais, respectivamente, 0 que
significa que 1 em cada 4 brasileiros possui um animal de companhia
(ABINPET, 2013). Nesse mesmo ritmo de crescimento, veio também a
evolucdo na medicina veterinaria, dando condigBes para aumento da
expectativa de vida dos animais de companhia (DE NARDI et al., 2002).
Este aumento é atribuido as melhorias na profilaxia, diagnéstico e
tratamento de doencas, imunizacdo, nutricdo e no estreitamento das
relagdes proprietario-animal, oferecendo os melhores cuidados aos seus
animais. Os fabricantes de alimento animal também tém dedicado
recursos considerdveisparagarantira qualidade e segurancado produto
final, além das exigéncias previstas em legislagcbes vigentes na
regulamentacdo do setor (ABINPET, 2013).

A qualidade higiénico-sanitaria do alimento animal é uma
medida de controle da veiculacdo de patdgenos e outros contaminantes
gue possam estar presentes. Muitos desses contaminantes séo
responsaveis pelo aparecimento de patologias em animais de
companhia, a curto e/ou longo prazo, ja que sdo veiculados pelos
alimentos fornecidos aos animais. Essa situacdo é agravada pela falta de
variacdo na alimentacdo animal, normalmente baseada em alimentos
industriais que sdo fornecidos diariamente, que expBe o animal ao
contaminante presente de forma continua e intermitente (DE SOUZA
KOERICH; SCUSSEL, 2013).

As patologias mais frequentes observadas em animais de
companhia na rotina clinica veterinaria estdo relacionadas com sistema
hepatico, renal, nervoso, reprodutor e neoplasias (BRUNELLI et al.,
1998; DE SOUZA KOERICH; SCUSSEL., 2012). Nos altimos anos, a
prevaléncia das neoplasias e o diagnostico desta doenca nos animais de
companhia vém apresentando um notério aumento (WITHROW, 2007),
relacionados principalmente com a maior longevidade destes animais e a
consolidag&o da oncologia veterinaria (MARTINS et al., 2000).

Varios fatores sdo responsaveis pelo aparecimento destas
patologias e o aumento na incidéncia de neoplasias, como pré-
disposicao genética, fatores fisicos (radiagéo), quimicos (intoxicagéo por
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metais pesados, pesticidas, medicamentos), ambientais (forma de
criacdo, estresse, poluicdo) e alimentares, como presenca de micro-
organismos (bactérias, fungos) e seus metabdlitos (aminas bioativas,
toxinas bacterianas e micotoxinas) (DE NARDI et al, 2002;
WITHROW, 2007).

Os alimentos comerciais para animais de companhia séo
encontrados em diversas formas para agradar seus proprietarios, no
entanto, devem seguir padrdes de qualidade, como de palatabilidade,
digestibilidade e consisténcia de fezes, e seguranga, sempre priorizando
a salde do animal (CARCIOFI, 2008), além das legislagdes vigentes
para o setor.

1.1.1 Classificagdo dos alimentos

Existem classificacbes propostas no sentido de agrupar 0s
alimentos para animais de companhia e facilitar o entendimento dos
proprietarios e profissionais da area por critérios que envolvam (a) teor
de umidade, (b) critérios de registro e (c) qualidade (Quadro 1).

Quadro 1 - Classificagdes propostas para os alimentos para animais de
companhia

Critério para Orgdo I
e s Classificacdo

classificacio classificador

Teor de umidade NRC?, 2006 Seco (6-10%)

Seco expandido (11-12%)
Semi-Umido (15-30%)
Umido (enlatado) (75%)

Indicacéo de registro e MAPA?, 2009 Completo

rotulagem Especifico
Coadjuvante
Qualidade e preco ABINPET?, Econbémico
2008 Premium

Superpremium

TNational Research Council; > Ministério da Agricultura, Pecuaria e Abastecimento;
8Associacdo Brasileira da IndGstria de Produtos para Animais de Estimacéo.

Ha trésformas bésicas dealimentos comerciais para animais de
companhia baseada noteor de umidade:seco,semi-Umido e Umido
(enlatados ou saches).Alimentos secoscontém geralmentemenos de 11 %
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de umidade, alimentos semi-imido com15 & 30 % e Umido, com
aproximadamente 60-87 % de 4gua (NRC, 2006).

Alimento seco: principal produtoda inddstria dealimentos para
animais de companhia, devido sua conveniénciano acondicionamento e
fornecimento ao animal. Geralmente sdo formadospor extrusdo,que
utilizatemperatura e pressdo em seu processamento para formacgdo do
produto final.Os alimentos secos normalmente sdo mais protegidos
contraa deterioracdodevido aseubaixo teor de dgua (umidade final de 6
al2 %). Também sdo adicionados antioxidantesparapreveniro dano
oxidativo, podendo ser tanto de fontes naturais,como a vitaminaE,ou
sintéticos, como butilhidroxianisol (BHA) e butilhidroxitolueno (BHT)
(CRANE et al., 2000).

Alimento seco expandido: contém umidade final entre 11 a
12 % e sdo formulados com grdos de cereais e derivados, subprodutos
animais e derivados, gordura e 6leos, vitaminas e minerais (CARCIOFI,
2008).

Alimento semi-Umido: parcela menor, mas significativa, da
industria de alimentos para animais de companhia. Requerem o uso de
umectantes e acidificantes para controlar o conteido de agua e inibir o
crescimento de fungos. Apresentam um baixo contetido de fibras mas
teor de agucar relativamente alto, o que torna o alimento altamente
palatdvel. O teor de umidade final varia de 15 a 30 %, sendo mais
propenso a contaminacgdo flngica e deterioracdo, que é atenuado pelo
adicdo de inibidores bacterianos e fungicos (ZICKER, 2008).

Alimento Umido: apresenta um grande teor de umidade,
geralmentecom umidade aproximada de 75 % e exige a presenca de
agentes geleificantes, como o amido ou gomas, para alcangar sua
consisténcia final. Sdo produtos esterilizados, semelhante aos produtos
enlatados para consumo humano. Os ingredientes sdo triturados,
misturadose em seguida, cozido em latas lacradas e esterilizadas com
temperaturas de 121°C por trés minutos para eliminar as bactérias
patogénicas, como Clostridium botulinum (ZICKER, 2008).

Além da umidade, outras variacBes diferenciam os produtos.
Segundo o Ministério da Agricultura, Pecudria e Abastecimento -
MAPA (BRASIL, 2009b), orgdo responsavel pela regulamentagdo do
setor, os alimentos para animais de companhia podem ser classificados
em trés categorias: completo, coadjunvante e especifico.

Alimento completo: composto por ingredientes ou matérias-
primas e aditivos destinado exclusivamente a alimentacdo de animais de
companhia, capaz de atender integralmente suas exigéncias nutricionais,
podendo possuir propriedades especificas ou funcionais.



30

Alimento especifico: finalidade de agrado, prémio ou
recompensa e que ndo se caracteriza como alimento completo, podendo
possuir propriedades especificas.

Alimento  coadjuvante:  destinado  exclusivamente &
alimentacdo de animais de companhia com disturbios fisiol6gicos ou
metabdlicos, cuja formulacdo é incondicionalmente privada de qualquer
agente farmacoldgico ativo.

Os alimentos industrializados para animais de companhia sdo
classificados de acordo com a qualidade e tipo de matéria-prima,
concentracdo de nutrientes, absor¢cdo e quantidade de residuos,
caracteristicas do rétulo e preco, sendo normalmente aceito pelos
consumidores como um critério qualitativo na decisdo da compra do
produto (ABINPET, 2008; CARCIOFI, 2008; CASE et al., 2011).

Alimento econdmico: apresentam formulagdo varidvel e
utilizam ingredientes de baixo custo, em geral de baixa digestibilidade e
palatabilidade. As concentragfes nutricionais aproximam dos limites
minimos permitidos, visando minimizar os custos. As fontes protéicas
sdo de origem animal e vegetal, sendo empregados farelos vegetais
como fontes de carboidrato. Os teores de extrato etéreo séo reduzidos e
os teores de fibra bruta e matéria mineral sdo elevados. Utilizam
matérias-primas de qualidade inferior, como subprodutos animais
(ossos, visceras, pés, cabeca, penas, entre outros) que diminui a
qualidade da proteina, uma vez que muitos destes ndo sdo digeridos
pelos animais.

Alimento Premium: tem foco na digestibilidade e
palatabilidade dos produtos. As formulagdes sdo fixas, sem eventuais
substitutos. O produto visa atender as necessidades nutricionais e
controlar excessos e desbalancos com maior digestibilidade e energia
metabolizavel.

Alimento Superpremium: produtos de alta qualidade, com
formulacdo fixa e ingredientes de elevado valor nutricional. Seu
processamento é otimizado com moagem mais fina. As concentracdes
nutricionais empregadas visam a salde, com estrito controle de
desbalancos e interacfes (ABINPET, 2008). S&o utilizadas matérias-
primas de qualidade superior, com 6timo aproveitamento pelo animal
(CASE et al., 2011). S&o utilizadas proteinas de origem animal, tais
como bovina, suina, de frango ou de peixe, € no caso dos vegetais sdo
empregados os de melhor absorcao pelos animais, como o arroz.
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1.1.2 Composicgéo e ingredientes

Os alimentos comerciais para animais de companhia séo
formulados para atender as necessidades especificas de nutrientes para
suprir os diferentes estados fisioldgicos desses animais. Composicdes
diversificadas sdo encontradas, mas basicamente sdo utilizadas:
proteinas de origem animal e vegetal, além de gorduras, carboidratos,
fibras, vitaminas e minerais. Devido a elevada necessidade de proteina,
ingredientes protéicos sdo importantes nas formulagdes (CARCIOFI,
2008). As fontes protéicas de origem animal mais utilizadas sdo: carne e
subprodutos da industria (frango, bovino, ovino, suino, peixes, farinha
de carne e 0sso) e fontes de origem vegetal: gréos, cereais, farelos
(gérmen de milho, soja) e farinhas (trigo, arroz) (BRITO et al., 2010). A
farinha de visceras de frango, dentre as proteinas de origem animal
secas, tem demonstrado melhor digestibilidade e energia metabolizavel.
Convém enfatizar que grande parte dos alimentos para animais de
companhia é formulada a base de cereais, constituindo a matéria
primaprincipal desses alimentos completos, j4& que o amido é a mais
abundante fonte de energia para a maioria dos animais de companhia. O
arroz e milho tém sido considerados as melhores fontes de amido
(CARCIOFI, 2008).

Como fontes de gordura podem ser citadas os de origem
animal (6leo de aves, 6leo de peixes, gordura bovina e suina), na qual
sdo mais palataveis, e os de origem vegetal (6leo de linhaca, palma,
girassol, soja e lecitina de soja). Eles fornecem energia, acidos graxos
essenciais e flavor, este Ultimo diretamente relacionado ao aroma e
paladar do alimento (FRANCA et al., 2011).

1.1.3 Rotulagem de alimentos e niveis de garantia nutricional

A rotulagem nutricional de alimentos para animais de
companhia é um direito do consumidor. O rétulo deve ter informacoes
sobre a composicdo nutricional, considerando o tamanho da porcao
diaria fornecida e a composicdo dos alimentos quanto aos nutrientes,
visando a orientagdo e a manutencao da salde animal. A declaracdo da
composi¢cdo nutricional dos produtos embalados deve atender aos
requisitos estabelecidos para sua comercializacdo de acordo com o0s
orgdos reguladores (MAPA, 2009).

No Brasil, o Ministério da Agricultura, Pecuaria e
Abastecimento (MAPA) é responsavel pela regulamentagéo da inspecao
e fiscalizacdo dos produtos destinados a alimentagdo animal, além de
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padronizar as informacdes de rotulagem e obrigacGes das empresas
fabricantes de alimentos destinados aos animais de companhia
(BRASIL, 2003; 2007; 2009). Considerando a diversidade de tipos,
composicdo e informagGes atrativas presentes nas embalagens de
alimentos completos existentes no mercado, é importante monitorar a
veracidade das informagfes contidas na rotulagem de alimentos
completos para anmais de companhia, verificando se estdo de acordo
com a legislacéo brasileira. O Quadro 2 estabelece as legislagbes quanto
a regulamentacdo do setor de alimentos para animais de companhia.

Quadro 2 - Legislagbes brasileiras que regulamentam as informacdes e
aspectos de rotulagem de alimentos para animais de companhia e humanos

Legislacdo Area de

- L Atendimento
Tipo n° Data aplicagao

Procedimentos
Alimentacdo para registro de

Instrugéo animal estabelecimentos e
. 15  26/05/2009 dos produtos
Normativa . ;
destinados a
alimentagéo
animal
Critérios e
procedimentos
para o registro de
produtos, para a
rotulagem e a
Instrug_éo 30 05/08/2009 Animais (_1e _propa~ganda e
Normativa companhia isencdo de registro
de produtos
destinados a
alimentacdo de
animais de
companhia
Informacéo quanto
aos alimentos e
Alimentacdo  ingredientes
Decreto  4.680 24/04/2003 humana e alimentares

animal destinados ao
consumo humano
ou animal que
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contenham, ou

seja, produzidos a

partir de

organismos

geneticamente

modificados
Alimentagdo  Regulamenta o

Portaria  2.658 22/12/2003 humanae emprego do

animal simbolo

transgénico

MAPA (2003, 2009)

As legislagbes acima descritas (Quadro 2) determinam o0s
critérios a serem adotados para a informagdo da rotulagem e niveis de
garantia nutricional de alimentos para animais de companhia,
regulamentando itens importantes como: impressdo, localizagdo e
disposicdo das informagdes obrigatorias, classificacdo do produto,
descricdo da composicdo basica, simbolos de inspecdo federal e
transgénicos, niveis de garantia, indicacbes de uso, cuidados e
restricdes, apelos comerciais, dizeres equivocados e outros aspectos
previstos na legislacdo acima citada (BRASIL, 2003; 2009).

A declaragdo estipulada na embalagem deve condizer com a
real formulacdo do produto final embalado pelo fabricante. Antes da
inclusdo dos ingredientes na formulacdo de alimentos para animais de
companhia, é importante considerar a avaliagdo dos seguintes fatores:
niveis de nutrientes; funcionalidade; palatabilidade e digestibilidade. A
formulagdo final deve apresentar nutricdo adequada para cada fase de
crescimento do animal, ser palatavel e de facil digestdo.

1.1.4 Qualidade e seguranca dos ingredientes e produto final

A qualidade das matérias-primas utilizadas para a fabricacdo
de alimentos destinados a animais de companhia é tdo importante quanto
a eficiéncia de ingredientes e/ou nutrientes relacionados a satde animal.
Isso nos leva a considerar os principais contaminantes de ingredientes
utilizados na formulagdo de alimentos finais: contaminantes biol6gicos
(insetos, acaros, bactérias, fungos), seus metabdlitos (aminas bioativas,
toxinas bacterianas e flingicas) e contaminantes sintéticos (pesticidas,
aditivos, metais pesados) (DE SOUZA KOERICH et al, 2010). Convém
ressaltar que os animais que consomem alimento industrializado tém
contato diario e continuo, sem variacdo da alimentacdo, podendo
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comprometer a sadde & longo prazo. E importante esclarecer que nem
sempre 0 processamento do alimento industrializado garante a
eliminagcdo de agentes contaminantes, como as toxinas produzidas e
veiculadas durante a manipulagdo do alimento animal. Muitas vezes a
contaminacdo é causada pela manipulacdo inadequada do alimento ou
pela utilizagdo de matéria prima de baixa qualidade (DE SOUZA
KOERICH; SCUSSEL, 2013).

Os alimentos secos passam por processo de extrusdo. A
extrusora utiliza uma combinacdo de vapor, pressdo, atrito mecanico e
temperatura para cozinhar os alimentos rapidamente, submetendo os
ingredientes a uma temperatura entre 100-200°C e 34-37 atm
(atmosfera) de pressdo, que € alto o suficiente para alcangar
efetivamente um processo de esterilizagcdo de alimentos que atenda 0s
padrdes da industria, no entanto, caso a matéria prima utilizada ja esteja
contaminada com toxinas, como as micotoxinas, ndo ha destrui¢do delas
em temperaturas abaixo de 260°C (SCUSSEL, 2002). O correto
armazenamento do produto acabado também ¢é importante, pois a
contaminacdo pode ocorrer apos o processo de extrusao.

O mesmo ocorre com 0s alimentos Umidos, que passam por
um processo de esterilizagdo, com temperaturas que chegam a 121°C.
As toxinas bacterianas e fungicas (micotoxinas) presentes ndo sao
destruidas por essas temperaturas. O mesmo se aplica na questdo da
presenca de bactérias esporuladas, cujos esporos sdo termo-resistentes
ao tratamento térmico, onde somente as formas vegetativas de micro-
organismos sdo eliminadas (ANDRADE; NASCIMENTO, 2005).

A utilizacdo de ferramentas como Boas Praticas de Producéo
(BPF) e Analise de Perigos e Pontos Criticos de Controle (APPCC) na
producdo de alimentos para animais de companhia desde o
processamento, transporte, armazenamento e distribuicdo, garantem
produtos finais com qualidade e seguranca alimentar, garantindo
também, a salide humana nos casos de zoonoses (GMP, 2005; SIMAO;
SCUSSEL, 2008).

1.2 Contaminantes bioldgicos e metabdlitos em alimentos para animais
de companhia e seus efeitos patoldgicos

A pesquisa de contaminantes biol6gicos presentes nos
alimentos para animais de companhia ¢ de fundamental importancia
para manutencdo da qualidade fisica, sanitaria e nutricional do produto
final. A presenca desses contaminantes nos alimentos é um indicativo de
descuido no controle higiénico-sanitario durante as fases que envolvem



35

desde a obtencdo e selecdo da matéria prima, industrializacdo
(manipulagdo, processamento e embalagem) até armazenamento,
transporte e comércio do produto acabado (BOESE; CHICOWICZ,
1995).

Dentre os contaminantes biol6gicos comumente encontrados
em alimentos, podem ser citados os insetos, acaros, pélos de roedores
(considerados sujidades bioldgicas leves) — importantes veiculadores de
micro-organismos e seus metabdlitos (toxinas) (SCUSSEL, 2002;
VIEIRA, 2010). Sdo exemplos de sujidades bioldgicas leves os acaros
(artrépodes do filo Arachnida), larvas, insetos (seus ovos e fragmentos),
aléem de pélos de roedores (LORINI, 2002; BRASIL, 2003). S&o
responsaveis pela perda de qualidade sensorial (deterioracdo da matéria
prima) e consideradas importantes veiculadoras de contaminantes
microbioldgicos (virus, bactérias e fungos patogénicos e/ou toxigénicos)
(BRASIL, 2003). Os riscos de contaminacdo biologica e
consequentemente producdo de toxinas em alimentos para animais
podem causar quadros graves de toxinfeccdo. Por outro lado, podem ser
utilizados como parametros para andlise da qualidade higiénico-sanitaria
durante o processamento do alimento industrializado (GLORIA, 2005).

1.2.1 Sujidades biol6gicas leves

A presenca de sujidades leves nos alimentos para animais de
companhia é considerada um indicativo de descuido com o controle
higiénico-sanitario durante a colheita e armazenamento da matéria
prima, bem como no processamento, incluindo, a eficiéncia no
acondicionamento do produto final e sua comercializagdo. As condicOes
de armazenamento, tanto da matéria prima quanto do produto final,
favorecem diretamente no aparecimento das sujidades leves, estando
relacionadas com o grau de limpeza dos depdsitos, umidade relativa e
temperatura ideal para seu desenvolvimento (LORINI, 1998; 2002).

As sujidades leves mais comumente encontrada em alimentos
sdo insetos e seus fragmentos (VARGAS; ALMEIDA, 1996). Os insetos
sdo importantes agentes responsaveis pela deterioracdo dos gréos e
alimentos, pois estdo implicados nas perdas de matéria seca, devido a
utilizacdo das reservas de amido (fonte de carboidratos), proteinas e 6leo
(fonte de lipidios) (VARGAS; ALMEIDA, 1996; LORINI, 1998). E
consideravel também o potencial desses insetos na veiculagdo de micro-
organismos (BRASIL, 2003), tanto deteriorantes quanto patogénicos
(SINGHI; SETHI; SHARMA, 1980), além de propiciar a proliferacéo e
aparecimento de fungos e producdo de micotoxinas, que permanecem
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nos alimentos finais (VARGAS; ALMEIDA, 1996; LORINI, 1998,
2002).

Os 4caros detectados em alimentos sdo considerados &caros de
armazenamento. Os alimentos secos destinados a animais de companhia
possuem caracteristicas que 0s tornam muito propicios ao
desenvolvimento desses acaros, principalmente por apresentar alto teor
de cereais, composi¢do rica em gorduras e proteinas (substratos
importantes para seu crescimento). Além disso, por conter um teor de
umidade intermediario, favorece o crescimento de fungos - fonte de
alimento para os acaros de armazenamento (BRAZIS, 2011). Os
principais  4caros que constituem esse grupo Sd0  OS
Tyrophagusputrescentiae, Acarus siro e Lepidoglyphus destructor
(FLECHTMANN; ZEM, 2002; BRAZIS, 2011).

A presenca de pélos de roedores nos alimentos & um
indicativo do contato desse animal em alguma etapa de obtengdo e/ou
producdo do alimento. Os roedores constituem sério problema em todas
as fases de processamento, producdo e armazenamento de géneros
alimenticios. Além da perda de alimento devido ao consumo por estes
animais, normalmente ocorre a contaminacdo pela presenca de seus
pélos, fezes e/ou urina. Os roedores podem ser transmissores de doencas
bacterianas, virais e fangicas (FERREIRA, 2011).

O Quadro 3 indica as caracteristicas das sujidades biolégicas
leves comumente encontradas nos alimentos para animais de
companhia.
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Quadro 3 - Caracteristicas das sujidades biol6gicas leves comumente encontradas nos alimentos para animais de companhia

Contaminante biologico

Possivel origem de contaminacio

Possiveis danos

Cultivo (Matéria prima) Armazenamento & Veiculador
Tipo Imagem® C . Produgio Embalamento - mecinico Ao alimento Ao animal
ampo Colheita Armazenagem comercializacio
Insetos - A A A A NA NA Bactérizz PRedugio do valor Doengas por
(fragmento) -2y Funges nutricional; proliferacio de
Virus Redugdo das caracteristicas  microorgamismos;
= sensotizis contate com fungo
e micose alergias
o
Insetos r | NA NA NA NA NA NA Bactérias Redugio do valor Doengas por
(inteiro) = Funges nutricional; proliferacio de
WVirus Bedugio das caracteristicas  microorgamismos;
SENSOrias contaie com fungp
Imicose/alergias
Larvas NA NA NA NA NA NA Bactérias Perda d= matéria seca; Alergias
(imteira) Fungos Reducéo das
Virus caractaristicas sensorizis;
Deterioracio do produte
Acaros NA NA A NA A A Bactérias Perda de maténa seca; Alergias
Fungos Reducio das (dermatite
Virus caracteristicas sensorizis;  aidpica caning)
Deterioracio do produte
Pélos de roedor NA A A A A A Bactérias Contaminacie biclogica Leptospirose
Funges do zlimsnto; Heantzvirose
Virus Descarte do produto

%60x; A: aplicado; NA: néo aplicado

Fonte: autor (2013)
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A analise de matérias microscopicas presentes nos alimentos e o
conhecimento da presenca de sujidades bioldgicas leves (insetos, &caros
e pélos de roedores) devem ser baseadas em aspectos relacionados ao
risco a satde (BRASIL, 2003). Com relacdo a patologias desenvolvidas
pela presenca dessas sujidades, é importante ressaltar os casos
frequentes de alergia atopica em animais de companhia, normalmente
causadas pelo contato, ingestdo ou inalagcdo de acaros. Esse agente €
considerado a causa mais freqliente do quadro de dermatite atdpica
canina, causando sinais patogénicos ndo sazonais como prurido,
pododermatite, eritema e otites de repeticdo em cées e gatos (BRAZIS,
2011) (Figura 1).

Figura 1 — Quadro clinico de dermatite atépica canina: (a) pododermatite e (b)
infeccdo bacteriana secundaria.

Fonte: BRAZIS (2011)

O controle desses acaros geralmente é dificultado pelo fato de
eles passarem despercebidos, devido ao seu tamanho reduzido. Porém
guando detectados podem ser controlados através da alteracdo das
condi¢des ambientais nas estruturas de armazenamento (LORINI, 1998;
FLECHTMANN; ZEM, 2002; BRAZIS, 2011).

1.2.2 Micro-organismos

Os alimentos para animais de companhia servem como
substratos para uma ampla variedade de micro-organismos (bactérias,
fungos e virus). As contaminacOes por bactérias e fungos podem ser
originarias pela adicdo de matérias primas e subprodutos de origem
animal (carne, 0ssos e visceras) e vegetal (grdos de cereais) de ma
qualidade utilizada na produgdo de alimentos para animais de
companhia. Também podem ser provenientes de condicdes inadequadas
de armazenamento (alta temperatura e umidade), bem como pela falta de
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higiene aplicada durante a manipulagdo e embalamento do produto final
(Andrade e Nascimento, 2005).

A contaminacdo microbioldgica pode ser um indicador de
condi¢bes sanitdrias inadequadas durante o0 processamento, ©
armazenamento ou de producdo (Franco, 2005). A seguranca e
qualidade higiénico-sanitaria do alimento animal sdo medidas
importantes no controle da veiculacdo de patdgenos, ja que o alimento
se constitui parte integrante da cadeia alimentar, desde a producdo
animal até o consumidor (CARCIOFI, 2008). Dentre 0s micro-
organismos, as bactérias, pela sua diversidade e patogenia, constituem o
grupo microbiano mais associado as doengas transmitidas pelos
alimentos (SCUSSEL et al., 2011).

(a) Bactérias

A presenca de bactérias nos alimentos, além de favorecer a
deterioracdo e/ou reducdo da vida Util desses produtos (consideradas
bactérias indicadoras da qualidade higiénico-sanitaria), também podem
acarretar riscos a salde do consumidor (consideradas bactérias
indicadoras de seguranca alimentar). Como bactérias deteriorantes
podem ser citadas as bacérias mesofilas e coliformes, considerados bons
indicadores de qualidade dos alimentos, enquanto que presenca de
Escherichia coli (enteropatogénica e enterotoxigénica), Salmonella spp.
e Clostridiumsulfito-redutor sdo boas indicadoras de seguranga
alimentar.

(a.1) Bactérias indicadoras de qualidade higiénico-sanitaria

A qualidade higiénico-sanitéria dos alimentos é avaliada pela
determinacdo de organismos indicadores, com destaque para 0 grupo de
coliformes totais e contagem total de micro-organismos mesofilos
(SANTOS et al., 2000). Sdo agentes que, quando ingeridos ndo
oferecem riscos diretos ou indiretos a salde animal. Além da contagem
de organismos indicadores de qualidade, a exposicdo do alimento ao
ambiente também pode comprometer a sua qualidade sanitaria
(HINTON; MEAD, 1992). Para Bennet e Lancette (2001), a presenca
desses indicadores e/ou enterotoxinas em alimentos processados
normalmente € um indicativo da insuficiente sanitizacdo dos
equipamentos e/ou manipulagdo incorreta da matéria prima, ingredientes
e produto final. A presenca de coliformes totais e bactérias mesotfilas
nos alimentos e nos ingredientes estdo associadas a falta de higiene geral
na manipulacdo, tratamento térmico insuficiente e/ou falha no
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armazenamento do produto final.

Coliformes totais

Esse grupo compreende as bactérias da familia
Enterobacteriaceae. Nos alimentos tratados termicamente durante a
producdo, a presenca de elevados niveis de coliformes indica tratamento
inadequado e/ou contaminag&o posterior ao tratamento (JAY, 2005).

Bactérias mesofilas

As bactérias mesofilas tém uma temperatura Otima de
crescimento entre 20 e 45°C. Essa contagem detecta o nUmero de
bactérias aerdbias e/ou facultativas presentes, tanto na forma vegetativa,
guanto esporulada. Elevadas contagens de bactérias mesofilas em
alimentos, indicam inadequados processos de limpeza, desinfeccdo e
controle de temperatura durante os processos de tratamento industrial,
transporte e armazenamento (JAY, 2005). A presenca dessas bactérias
em alimentos industrializados em contagens aceitdveis em unidades
formadoras de coldnias (< 10° UFC/g) nio representa risco para a salde
animal (SANTQS, 2000).

(a.2) Bactérias indicadoras de seguranca alimentar

Normalmente sdo bactérias que, quando consumidas com o
alimento contaminado, causam danos a salde humana e animal. Como
indicadores de seguranca sdo frequentemente usados a Salmonella spp.,
E. coli e Clostridium spp.

Salmonella spp.

A Salmonella é uma bactéria entérica, frequentemente
associada a enfermidades transmitidas por alimentos. Tem importancia
zoondtica, podendo infectar tanto humanos quanto animais (RABSCH et
al., 2001). Diferentes sorotipos do micro-organismo tém sido
identificados em animais com salmonelose, como a Salmonella
Enteritidis em cées, no entanto, tem se observado o predominio do
sorovar Typhimurium nessas infec¢bes (RIBEIRO et al., 2010).

A infeccdo dos animais ocorre predominantemente pelo
consumo de alimentos e dgua contaminados, sendo que as formas mais
comuns de transmissdo sdo através de carnes e seus subprodutos
contaminados (HUMPHREY, 2004). Como os alimentos para cées e
gatos tm em sua constituicdo insumos de origem animal, como as
farinhas de carne, 0ssos, peixe, penas, visceras, quando ndo tratadas
corretamente, podem ser uma fonte importante na introducdo das
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salmonelas. E importante enfatizar que a contaminago por Salmonella
acontece também em ingredientes vegetais.

Em cées, os casos de salmonelose normalmente desenvolvem
infeccOes assintomaticas, onde o ndmero de animais infectados é muito
mais elevado que a incidéncia da doenca clinica. O risco do animal
portador assintomatico é a possivel contaminacdo dos proprietarios, ja
gue muitas vezes vivem em contato préximo com seus animais
(SCHUTZE et al., 1999). Surtos de salmonelose em cées com sinais de
diarréia tém sido relatados em infecces com S. Typhimurium e
S. Travis. InfeccBes por Salmonella com apresentacdo de sinais clinicos
sdo mais frequentes em filhotes de cées e gatos. Em estudo realizado por
Ribeiro et al. (2010) para determinacdo de sorotipos de Salmonella
isolados de diferentes afeccdes em animais domeésticos, verificaram
predominéncia da infeccdo em cées entre um a quatro meses de idade
(29/32=90,6%), onde houve predomindncia de sinais clinicos de
enterite. Essa susceptibilidade dos animais jovens a salmonelose
provavelmente esta relacionada com; (a) imaturidade do sistema imune
nesta faixa etaria; (b) ao declinio da imunidade passiva adquirida pelo
colostro; (c) bem como a co-infeccdo com outros enteropatdgenos
(RADOSTITS et al., 2007), que podem maximizar os efeitos entéricos
do género Salmonella em animais jovens.

O risco de contaminacdo por Salmonella em cées e humanos é
semelhante, j& que os alimentos contaminados sdo 0s principais
veiculadores do agente. Um estudo realizado por Schotte et al. (2007)
confirmou que a fonte de infeccdo por Salmonella em cées estudados foi
0 alimento comercial seco fornecido, sendo o primeiro relato de
contaminacdo proveniente de alimento seco contaminado, supostamente
considerado seguro, ja que apresentam baixa atividade de agua e sdo
submetidos a altas temperaturas durante seu processamento (SCUSSEL
etal., 2011).

Devido ao fato de grande parte dos animais infectados com
Salmonella ndo apresentarem sinais clinicos da doenca, é possivel que
varios surtos tenham acontecido sem ter diagnostico final de
salmonelose. Esse fato é de interesse da salde publica, ja que os cdes
podem ser responsaveis pela contaminagdo de humanos (SATO et al.,
2000).

Um ponto que deve ser cuidado é com relagdo a
recontaminagdo por Salmonella spp. e outras bactérias em farinhas e
subprodutos utilizados como matéria-prima na alimentacdo animal. As
temperaturas de processamento de farinhas eliminam grande parte da
contaminagdo bacteriana dos subprodutos, mas a recontaminacgéo é algo
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gue tem grande chance de acontecer devido ao manuseio, transporte e
outros fatores do ambiente (SCUSSEL et al., 2011).

E. coli (patogénica intestinal)

Escherichia coli tem sido isolada a partir de amostras de solo,
agua e também do trato gastrintestinal de animais domésticos. As cepas
de E. coli patogénicas apresentam sofisticados mecanismos de
viruléncia, sendo responsaveis por significativas afecc¢bes clinicas em
homens e animais e, em algumas condi¢des, podem assumir carater
zoondtico. A constatacdo da semelhanga entre isolados clinicos desta
bactéria dos tratos intestinal e urindrio de homens, cdes e gatos tem
sugerido que estes animais podem estar implicados na transmissdo de
cepas patogénicas intestinais e extra-intestinais para humanos (COSTA
et al., 2008). As cepas da E. coli relacionadas a contaminagéo alimentar
sdo chamadas patogénicas intestinais ou diarreiogénicas. As cepas
enterotoxigénicas, enteropatogénicas e shigatoxigénicas ja foram
encontradas em animais de companhia. Normalmente estdo ligadas com
quadros de diarréia, devido sua capacidade de colonizagdo do epitélio
intestinal de animais e formacdo de toxinas. Os quadros de diarréia que
podem se manifestar tanto de forma branda, autolimitante, quanto
caracterizar quadros muito graves, como a colite hemorragica,
dependendo da cepa presente.

A cepa shigatoxigénica esta associada a formacao de toxinas -
verotoxinas, estando geralmente veiculada a ingestdo de alimentos
contaminados, como carne, leite, queijos ndo pasteurizados, agua,
contato pessoal ou pode ser transmitida por animais (TRABULSI et al,
2002), podendo ocasionar diarréias inicialmente leves e aquosas,
evoluindo para severas e hemorragicas. Cepas ja foram isoladas em
bovinos, ovelhas e cabras — reservatorios naturais, como também em
suinos, cdes e gatos (KRAUSE et al., 2005). Paula (2007) relata a
ocorréncia dessa cepa em 23 % de cepas de E. coli isoladas de cées
diarréicos.

Grande parte da contaminacdo que acomete animais de
companhia est4 relacionada com a ingestdo de alimentos que em sua
formulacdo contenham farinha de carne. Estimativas revelam que cerca
de 50% das farinhas encontram-se contaminadas com E. coli. Em estudo
realizado por Weese et al. (2005) na avaliagdo bacterioldgica de
alimentos comerciais crus destinados a cdes e gatos, a bactéria foi
isolada em15/25 (64 %) das dietas avaliadas. Devido a suas
caracteristicas microbioldgicas, esse patégeno é utilizado como
indicador de qualidade higiénico-sanitéria de produtos industrializados,
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assim como indicador da seguranca alimentar. A importancia deste
achado esta associada a transmissdo do agente entre animais de
companhia e humanos suscetiveis (criancas, idosos e portadores de
doencas crbnicas), aumentando sua importancia para a salde publica,
em particular, pela possibilidade de causar infeccdo hospitalar e
zoonoses (GAMA, 2005).

Clostridium spp

O Clostridium é um bacilo anaerébio, disseminado no
ambiente, habitando o solo, a matéria organica em decomposicdo e o
intestino de humanos e animais. Por estar localizado no solo e formar
esporos, pode contaminar alimentos, agua e outros objetos, sendo uma
fonte de contaminagdo para o0s animais e humanos. Comumente
encontrado na microbiota intestinal dos humanos e de animais sadios, o
aparecimento de patologias provocadas por esse Mmicro-organismo
depende de circunstancias que favorecam o crescimento e a producédo
em doses elevadas das toxinas clostridiais (GOMES et al., 2008).

Dentre as espécies do género Clostridium, o C. perfringens e
C.botulinum séo considerados importantes agentespatogénicos presentes
em alimentos para animais (LINDSTROM et al, 2006;
MACIOROWSKI et al., 2007).Estas bactérias sdo capazes de formar
esporos que podem sobreviver a condi¢cBes de processamento a altas
temperaturas (como extrusdo), assim como durante o armazenamento do
alimento final, desde que haja condigdes favoraveis para a germinagéo
desses esporos, ocorrendo a producdo de toxina. O C. perfringensé
responsavel por graves doencas entéricas, com quadro de diarréias,
enterotoxemia, gangrena gasosa e enterite hemorragica em animais
(GAMA, 2005). Weese et al. (2005), em avaliagdo microbioldgica de
dietas comerciais cruas para cdes e gatos, isolaram a bactéria em 5/25
(20 %) das dietas analisadas. As altas frequéncias e contagens de
C.perfringens verificadas nos alimentos e na &gua podemestar
associadas a falta de higiene geral na manipulacdoe armazenamento dos
mesmos. O C. perfringens tipo A é o mais disseminado no ambiente,
sendo encontrando no intestino de animais de sangue quente. A
variedade enterotoxigénica produz toxina o e enterotoxina, sendo
responsavel por enterite e intoxicacdo alimentar em humanos e
gastroenterite hemorragica em cdes. O C. perfringens tipo C produz
toxinas a e P, sendo responsaveis por casos de enterite necrotica em
humanos, aves domésticas, bovinos, cdes, equinos, ovinos e suinos. Os
animais recém-nascidos e jovens sdo 0s mais susceptiveis, apresentando
casos agudos da toxinfecgdo. A enterotoxemia ndo é transmissivel, mas
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surtos esporadicos podem ocorrer quando o equilibrio da microbiota
intestinal é afetado, seja pelo tratamento dos animais com antibidticos,
seja por mudangas bruscas na dieta. Uma mudanca subita da dieta
também favorece o aparecimento desse agente (SONGER, 1996).

Diferentemente da intoxicacdo citada acima, na qual um
grande numero de células viaveis precisa ser ingerido, os sinais de
botulismo sdo causados pela ingestdo de uma exotoxina sollvel,
altamente toxica, produzida pelo C.botulinum durante a multiplicacéo
nos alimentos. A etiologia usual de botulismo é a partir da ingestdo de
toxina produzida na alimentagdo animal. As cepas botulinicas podem
produzir diferentes toxinas imunologicamente distintas (A-F), trés dos
guais (B-D) estdo associadas ao quadro de botulismo em animais
(SCHOENBAUM et al.,, 2000). Ha preocupagdo especial com o
crescimento dessa bactéria e a producdo de toxinas em alimentos
processados e embalados no sistema de fechamento a vacuo, também
aplicado em alimentos completos destinados a cdes e gatos. Os sinais de
botulismo consistem em vomitos, tonturas, paralisia muscular, parada
respiratéria e morte (JAY, 2005).

(b) Fungos

Os fungos sdo divididos em (a) de campo e (b) de
armazenagem. Muitas contaminacdes flngicas sdo provenientes das
etapas de pré-colheita e colheita, com a origem ainda no campo.
Dependendo da regido, alimento e das variagbes climéticas, podem
predominar os fungos dos géneros Alternaria, Cladosporium, Fusarium
e Helminthosporium (LI et al., 2000). Existe pouco ou nenhum controle
sobre as condi¢bes que favorecem o desenvolvimento de fungos de
campo, pois eles invadem a cultura durante os estadios finais de
maturacdo. Esses fungos necessitam de um teor de umidade mais
elevado e a,>0.85 para sua proliferagdo. Os fungos de armazenagem
proliferam nos alimentos pos-colheita, sendo menos exigentes quanto a
umidade. Sdo capazes de crescer em aw entre 0,65 - 0,90 e em diferentes
condicdes de temperatura. Exemplos desse grupo: Aspergillus e
Penicilium (LAZZARI, 1997; SCUSSEL, 2000, 2002).

Os cereais utilizados para producdo de alimento animal sdo
6timos substratos para o crescimento defungos, tanto os deteriorantes
guanto os toxigénicos. Além de serem responséaveis pela producdo de
micotoxinas (fungos toxigénicos), sdo 0s principais responsaveis por
perdas nutricionais do alimento animal (fungos deteriorantes)
(SCUSSEL, 2002). Segundo um estudo realizado por Scudamore et al.
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(1997), os alimentos completos para cdes sd0 mais propensos a
contaminacdo por fungos quando comparados com as matérias primas
utilizadas em sua elaboracéo.

(b.1) Fungos deteriorantes

Os fungos sdo os mais importantes agentes responsaveis pela
deterioracdo dos grdos e produtos acabados e responsaveis pela
producdo de micotoxinas. Os danos causados pelos fungos deteriorantes
estdo relacionados as perdas nutricionais de matérias-primas e produto
final. Em geral, tem sido demonstrado que os propagulos flngicos
constituem um indicador da condigdo higiénica sanitaria dos alimentos
comerciais para animais de companhia, sendo que as contagens ndo sao
recomendadas acima de 1,0 x 10*UFC/g (MAPA, 2000; ABINPET,
2008). Os géneros fungicos mais comumente classificados como fungos
deteriorantes sdo: Aspergillus, Penicillium e Cladosporium. Tém sido
isolado a partir de uma ampla variedade de alimentos, incluindo arroz,
milho e cereais (trigo e cevada), comumente utilizados em alimentos
para animais de companhia.

(b.2) Fungos micotoxigénicos

Sédo fungos capazes de produzir micotoxinas (metabolitos
secundarios). Os fungos toxigénicos podem contaminar os alimentos nas
diferentes fases de producdo e beneficiamento, desde o cultivo até o
transporte e armazenagem. Os fungos micotoxigénicos envolvidos na
cadeia alimentar de humanos e animais pertencem principalmente a trés
principais géneros: Aspergillus, Penicillium e Fusarium. Os dois
primeiros géneros sdo normalmente encontrados como contaminantes
presentes em matéria prima e alimentos durante a secagem e estocagem
(fungo de armazenagem), e 0s mais importantes produtores de
micotoxinas (Figura 2), enquanto que o Gltimo é comumente encontrado
durante as etapas de producdo e colheita, invadindo grdos e sementes
(fungo de campo) (SCUSSEL, 2002).
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Figura 2 - Fungos de armazenagem: (a) Aspergillus e (b) Penicillium isolados
de alimentos para animais de companhia.
B
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Fonte: autor (2012)

O isolamento de fungos toxigénicos a partir de alimentos,
principalmente em gréos, ndo significa obrigatoriamente risco imediato
para consumo, pois nem sempre hd formagdo de micotoxinas e vice-
versa (PITT; HOCKING, 2009). Os fungos que produzem micotoxinas
crescem em uma ampla variedade de substratos, incluindo grdos e
subprodutos, principalmente milho, trigo, soja e arroz, geralmente
utilizados na formulacdo de alimentos para cdes e gatos (SIMAO;
SCUSSEL, 2008). Dependendo das condi¢fes em que os fungos se
desenvolvem, podem produzir toxinas e contaminar ingredientes (graos)
e alimentos prontos, além de deteriorar o produto levando muitas vezes
a sua rejeicdo pelo animal. No entanto, ndo necessariamente a alteracao
do produto indica presenga da toxina e vice-versa.

1.2.3 Metabolitos dos contaminantes biolégicos
(&) Micotoxinas

As micotoxinas sdo metabdlitos secundarios produzidos por
uma variedade de fungos. S0 compostos organicos, biologicamente
ativos, que podem causar uma ampla variedade de efeitos toxicos em
animais e humanos (COULOMBE, 1993). Podem entrar na cadeia
alimentar humana e animal pela contaminagéo de alimentos in natura ou
processados por fungos toxigénicos. Na posicdo dos paises lideres na
producdo de alimentos agricolas, o Brasil possui condi¢cdes ambientais
excelentes para o crescimento de todos esses fungos toxigénicos. Além
disso, ndo ha utilizacdo adequada de boas praticas agricolas de plantio,
colheita, secagem, transporte e armazenagem de cereais e graos,
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favorecendo a contaminacdo por fungos e micotoxinas. Mesmo apds
remocdo desses fungos por processos usuais de industrializacdo, as
micotoxinas  apresentam uma grande estabilidade quimica
(termorresistente), 0 que permite a sua persisténcia no alimento (CHU,
1991; SOARES; FURLANI, 1996).

As enfermidades causadas pelas micotoxinas sdo denominadas
micotoxicoses, as quais atingem determinados érgdos, como figado,
rins, tecido epitelial e sistema nervoso, dependendo da toxina produzida.
Sdo observados problemas de intoxica¢fes agudas, subagudas ou
cronicas, com efeitos carcinogénicos, teratogénicos e mutagénicos.
Existe a possibilidade de sinergismo em ocorréncias simultaneas de duas
ou mais micotoxinas, o que pode conduzir & potencializacdo dos efeitos
toxicos (POZZI, 2000).

As micotoxinas que sdo consideradas as mais prevalentes no
Brasil sdo as aflatoxinas - AFLs (Aspergillus), fumonisinas - FBs
(Fusarium), zearalenona - ZON (Fusarium) e ocratoxina A — OTA
(Penicillium e Aspergillus) (RUMBEIHA, 2000). No Quadro 4 estdo
descritas as principais micotoxinas, estrutura quimica, fungo produtor,
alimentos encontrados, érgdo alvo e efeitos nos animais.
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Quadro 4 - Principais micotoxinas de potencial toxicol6gico, estruturas quimicas, 6rgdo alvo, fungos produtores e presenca no
alimento animal

Micotoxinas Estruturas quimicas Fungo Ingrediente (substrato) Orgao alvo Possiveis efeitos nos animais
produtor
. . Milho . Hepatotoxico, carcinogsrmco,
Aflatoxinas ﬁ-j::rf'::;as'zi"us Arroz Fl_gado redpuzidataxa-de crescﬁnemd:
(B, By, Gy, i - Amendeim Rins enterite hemomagica, redugio da
G) N Neoplasias Ny idade S
MNozez imunidade e produtividade
Fumonisinas F_verticilioides 8. nervoso Hepatotéxico, nefrotdxico, edama
F. proliferatuon Neoplasias pulmonar, cardnogénico,
Milho leucoencefalomalacia emeguinios
FPverrucosion Milho Eins Hepatotdxico, nefrotéxico,
Ocratoxina A ochraceus Axvela Figado carcimogérice, teratogérico,
A Trigo 5. nervozo neurctéxico, imunotdxico, abaorto,
Centeio Neoplasias baixa conversdo alimentar,
Cevada reduzida taxa de crescimento
Zearalenona F_ graminearion Milho 3. reprodutor Hiperestrogenismo, infertilidade,
F. culmorum Trigo prolapsouterine, redugdo de
Avela produgio deleite e rnorte
Deoxinivalenol F. graminearon h"ﬁ:-]ho Figado Fecusa de alimentos em suimos,
F. culmorum Tngo (vomitotoxina) cdes e gatos, vanitos, neurotéxico
Ce*.'ad.a % pervoszo e reducio do ganhode peso
Centeio .
Citrinina F cizrimon Milho Penal Lesiorenal neffopatia, toxenma ¢
F.verrucosim Aveia Hepatico -
A. ochraceus Aoz neeplasia
Cevada
Trigo

Fonte: adaptado de Scussel (2002), de Souza Koerich e Scussel. (2012), Boermans e Leung (2007)
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As micotoxicoses ja relatadas em cées envolvem AFLs, DON,
OTA, citrinina, ZON, roquefortina e penitrem A (RUMBEIHA, 2000).
A presenga de micotoxinas em alimentos para animais pode ser
observada pela analise do alimento suspeito, realizando a identificagéo e
guantificacdo das mesmas.

Efeitos patogénicos das micotoxinas em cées e gatos

Sdao reconhecidos os efeitos deletérios das micotoxinas sobre a
salde animal, sendo capazes de induzir efeitos carcinogénicos,
hepatotdxicos, mutagénicos e imunossupressao (MOSS, 1998). Séo
poucos os dados da toxicidade desses compostos em animais de
companhia e os quadros toxicos variam de acordo com a micotoxina,
efeito dose dependente e espécie animal (HUSSEIN; BRASEL, 2001).

Alimentos com niveis baixos de toxinas ndo resultam em
quadro clinico caracteristico de micotoxicose, mas aparecimento de
guadro de susceptibilidade a infeccBes intercorrentes pela
imunossupressdao causada ao animal (OSBORNE, 1982). A
micotoxicose é ainda pouco discutida e considerada entre os clinicos
veterinarios, pois é conhecida a patogenia das micotoxinas, mas poucos
dados sobre a incidéncia da intoxicacdo em cées e gatos.

Quando uma micotoxina é encontrada, deve-se considerar que
outras micotoxinas de grupos diferentes também podem estar presentes
na dieta. Convém ressaltar que multiplas micotoxinas sdo co-produzidas
e interagem para agravar o quadro clinico das micotoxicoses
(RUMBEIHA, 2000). Essa interagdo acontece quando muitos
ingredientes sdo misturados para um produto final ou quando fungos
produzem multiplas micotoxinas simultaneamente (por exemplo, fungos
do género Fusarium e Penicillium).

(a.1) Aflatoxinas (AFLs)

As AFLs sdo produzidas por fungos do género Aspergillus
spp., como A. flavus, A. parasiticus e A. nominus (MOSS, 1998). As
principais AFLs sdo denominadas de AFB;, AFB,, AFG; E AFG,,
baseadas na fluorescéncia delas sob luz ultravioleta. As AFB; e AFB,
apresentam fluorescéncia azul (B= blue) e AFG; e AFG, apresentam
fluorescéncia verde (G= green) (HUSSEIN; BRASEL, 2001). Sé&o
toxinas hepatotdxicas e carcinogénicas que tem causado varios surtos de
envenenamento por meio de alimentos contaminados. Os sinais de
intoxicacdo dependem do grau de contaminacdo do alimento, do tipo de
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AFL e do tempo e quantidade de alimento contaminado ingerido pelo
animal e seu estado nutricional. Animais jovens sdo mais afetados pela
aflatoxicose. E conhecida como a mais potente micotoxina produzida e
um dos mais toxicos carcindgenos conhecidos, podendo ser encontrada
em concentragdes significativas nas ragcdes animais, sendo considerada
de grande importancia para a saide animal (MUZOLON, 2008). Os cédes
e gatos sdo extremamente sensiveis as AFLs. Nos animais de
companhia, o figado é o principal érgdo alvo. A aflatoxicose clinica em
cdes pode ser classificada como aguda, subaguda, ou cronica.

A aflatoxicose aguda ocorre quando 0s animais S&o
alimentados com grandes quantidades de AFB; (>1mg/kg na dieta). Nos
casos agudos e subagudos de aflatoxicose, os animais de companhia
apresentam quadro de vémito, letargia, anorexia, polidria, elevacdo das
enzimas hepaticas e ictericia, podendo ocorrer morte (MUZOLON,
2008).

Na aflatoxicose cronica sdo observados imunossupressao, nao
raramente cirrose hepatica a necropsia (NEWMAN et al., 2007).
Muzolon (2008) descreveu os achados da necropsia em aflatoxicose
cronica presentes em um cdo de seis meses de idade, sabidamente
intoxicado por aflatoxina na concentracdo de 78,6 pg/kg na racgéo
fornecida diariamente durante 79 dias. Foi observado figado com
coloragdo pélida e amarelada, bordas dos lobos ligeiramente
arredondadas pelo leve aumento de tamanho, consisténcia firme,
vesicula biliar repleta e com paredes levemente espessadas (Figura 3).

Figura 3 — (a) Figado pélido e amarelado de um cdo - decorréncia da retencdo
biliar e da transformagao gordurosa na aflatoxicose cronica; (b) cirrose hepatica

Fonte: MUZOLON (2008); VIOTT (2011)
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Outro efeito em longo prazo é o cancer. A AFB; é considerada
como a mais toxica e com maior poder carcinogénico, além de ser a
mais frequentemente encontrada em alimentos para animais. A
exposicdo a uma grande quantidade de AFLs tem o potencial de levar ao
cancer hepatico (neoplasia) nos animais de companhia que se
recuperaram dos efeitos da exposicdo aguda, subaguda ou crénica.
Consequentemente, a exposicao as AFLs pode ter implicagdes em médio
ou longo prazo na satde desses animais (RUMBEIHA, 2000).

Diversos autores informaram que as AFLs tém sido detectadas
em alimentos comerciais na América do Norte e do Sul, devido a
incorporacao de milho e de oleaginosas como ingredientes significativos
de elaboracdo. Os alimentos comerciais para cdes e gatos geralmente
tém baixos niveis de AFLs, entretanto, os percentuais de amostras
positivas variam segundo a qualidade da amostra. Atualmente, 100
paises possuem legislagdo para presenca de AFLs em alimentos e ragdes
para animais de produgdo (poucas para animais de companhia),
inclusive o Brasil (FAO, 2006).

(a.2) Fumonisinas (FBs)

O conhecimento cientifico sobre as FBs é relativamente
menor quando comparado as AFLs, embora tenha ocorréncia frequente.
As FBs sdo produzidas por diversas espécies do género Fusarium,
especialmente por Fusarium verticillioides, Fusarium proliferatum e
Fusarium nygamai, além da Alternaria alternata. Esse fungo tem
distribuicdo mundial, sendo considerados importantes patégenos de
cereais em todas as fases de desenvolvimento, principalmente no milho,
incluindo periodo ap6s colheita, durante armazenamento (DIAZ;
BOERMANS, 1994). Constituem um grupo o qual engloba 25
substancias denominadas de B1(FB;, FB,, FB3z e FB,4), A1, Az, Az, AKjy,
C1, Ca, Cy, Py, Py, P3, PHy, € PHy, (AH-SEO; WON LEE, 1999). A FB;
¢ a mais abundante e toxica, representando 70% da contaminacéo total
dos alimentos naturalmente contaminados (MALLMANN et al., 2001).
As FBs séo responsaveis pela leucoencefaloméacia em equinos e coelhos,
edema pulmonar e hidrotérax em suinos e efeitos hepatotdxicos,
carcinogénicos e apoptose (morte celular) em figado de ratos (POZZI et
al., 2000). A Figura 4 apresenta um quadro de intoxicacdo por FBs e
alteragdes em pulmao e bago.
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Figura 4 — Alterages em (a) pulméo e (b) bago de suinos contaminados com
fumonisinas

5\

Fonte: http://www.engormix.com.br

Dados epidemioldgicos também correlacionaram a ingestéo de
milho contaminado com F. verticillioides a neoplasia de es6fago em
seres humanos. Frangos e perus também sdo sensiveis e apresentam
reducdo no ganho de peso, diarréia e hepatotoxicidade (SMITH, 2007).
As FBs apresentam consideravel potencial para causar intoxicagdo, ja
que geralmente sdo encontradas em ingredientes que fazem parte
daformulagdo de ragBes para pequenos animais. No Brasil, essas
micotoxinas j& foram detectadas em varios substratos, especialmente no
milho (SCUSSEL, 2002).

(a.3) Zearalenona (ZON)

E um metabdlito fungico de espécies do género Fusarium,
produzida principalmente por F.graminearum, sua produgdo €
favorecida por elevada umidade e baixas temperaturas. Trata-se de uma
micotoxina com atividade estrogénica. No Brasil, essa toxina ja foi
encontrada em cereais e em aveia em flocos para consumo humano
(OLIVEIRA et al, 2002). Em porcas, essa micotoxina causa
vulvovaginite e outras respostas estrdgenicas. Também é observado
quadro de splay leg na intoxicagdo por ZON em suinos, ou seja,
impossibilidade do leitdo ficar em pé, como observado na Figura 5.


http://www.engormix.com.br/
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Figura 5 — Intoxicagdo por zearalenona: (a) vulvovaginite em leitoas e (b) splay
leg em leitdo.

Fonte: VOORSLUYS (2010)

Os suinos séo especialmente sensiveis a essa micotoxina e sua
ingestdo, além do hiperestrogenismo, podem causar graves problemas
reprodutivos (distarbios na concepcédo e aborto). Os efeitos observados
em cdes foram reducdo da fertilidade, aumento de absor¢do de embriGes,
reducdo do tamanho da ninhada, alteracbes dos niveis séricos de
progesterona e estradiol e alteracbes no peso da adrenal, tiredide e
hipéfise (GOLINSKI; NOVAK, 2004).

(a.4) Ocratoxina A (OTA)

As OTA s8o produzidas pelos fungos Penicillium e
Aspergillus, principalmente por P. verrucosum e A. ochraceus. Essas
sdo espécies de fungos de armazenamento, mas que também podem
crescer no campo. Conseqiientemente, esses fungos tém potencial de
produzir toxinas em casa, apds a compra do alimento industrializado, se
ela ndo for armazenada adequadamente (DE SOUZA KOERICH et al.,
2010). Pesquisas revelaram alta freqliéncia na presenga de OTA nos
alimentos para cdes e gatos (RAZZAZI-FAZELI et al., 2001). A OTA
foi isolada de ingredientes utilizados em racdo de animal de companhia,
como os cereais (milho, centeio, aveia, trigo e cevada) e também pode
ser encontrada em produtos de origem animal, devido a sua estreita
ligacdo com proteinas plasméticas e longa permanéncia em tecidos
animais (LEUNG et al., 2006). O principal alvo da atividade toxica da
OTA é o sistema renal. Também é considerada hepatoxica, imuno-
supressora, teratogénica e cancerigena (BOERMANS; LEUNG, 2007).
A Figura 5 mostra um rim de suino contaminado por OTA.
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Figura 6 - Rim de suino contaminado com ocratoxina A.

Fonte: VIOTT (2011)

O mecanismo de acdo da OTA esta relacionado ao seu
acumulo nos rins, pelo alto fluxo sangiineo e pela reabsorcdo tubular.
Os sinais observados foram perda de apetite, vOmito, tenesmo,
hipertermia, tonsilite, diarréia hemorragica, polidipsia, poliUria,
desidratacdo, paralisia e morte. Ha efeito sinérgico entre OTA e
citrinina, com lesBes renais graves em animais contaminados
(SCUSSEL, 2000; 2002).

(a.5) Deoxinivalenol (DON)

O DON pertence ao grupo dos tricotecenos, micotoxinas
produzidas por fungos do género Fusarium spp. (RUMBEIHA, 2000). O
DON é comumente encontrado em grdos. Quando ingerido em doses
elevadas por animais, ela causa nauseas, vomitos e diarréia. Por induzir
esses sinais o DON é conhecido como vomitotoxina ou fator de recusa
de alimento. Quando ingerida por porcos e por outros animais, em
pequenas doses, pode provocar perda de peso e recusa alimentar, em
altas doses, causa vOmitos e diarréia. Os sinais clinicos em animais de
companhia incluem anorexia, regurgitacdo, vomito, irritacdo cutanea,
diarréia, hemorragias, aborto (mamiferos) e até a morte (BOERMANS;
LEUNG, 2007).

(b) Aminas bioativas

As aminas bioativas sdo bases organicas de baixo peso
molecular formadas durante processos metabolicos e/ou através da
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atividade microbiana que possue atividade biol6gica, desempenhando
importantes fungbes nos organismos vivos. Estas podem ser
classificadas em poliaminas e aminas biogénicas. Podem ser formadas
através da descarboxilacdo de aminoacidos livres por enzimas da
microbiota ou pela aminacdo de aldeidos e decomposicdo de
fosfolipidios. As aminas bioativas sdo classificadas de acordo com sua
estrutura em: heterociclicas (histamina e triptamina), aromaticas
(tiramina e feniletilamina) e alifaticas (putrescina, cadaverina,
espermina e espermidina) (SALAZAR et al., 2000). A Figura 7 mostra a
estrutura quimica de algumas aminas bioativas.

Figura 7 - Estruturas quimicas das aminas bioativas.
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Fonte: LIMA; GLORIA (1999)

As aminas bioativas sdo encontradas naturalmente em baixas
concentragdes em tecidos animais e vegetais (carne, peixe, frutas, graos
e cereais), ingredientes comumente utilizados para producdo de
alimentos para animais de companhia (HALASZ et al., 1994;
SALAZAR et al., 2000). No entanto, niveis mais elevados de aminas
bioativas durante 0 armazenamento de alimentos pode indicar perda de
qualidade, especialmente aqueles alimentos que tém elevado teor de
proteinas (SILVA; GLORIA, 2002). A presenca de aminas biogénicas
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pode ser um bom indicador da qualidade do alimento, visto que a
deterioragdo do alimento estd associada ao aumento dos teores de
algumas destas substancias (LIMA; GLORIA, 1999). Pode-se citar 0
uso de aminas como indice de qualidade de pescados (VECIANA-
NOGUES et al., 1997), de carne de frango e produtos derivados
(SILVA; GLORIA, 2002), dentre outros. Convém enfatizar que teores
elevados de aminas biogénicas em alimentos podem causar intoxicacao
alimentar (HALASZ et al., 1994). Os pré-requisitos para a formacéo de
aminas em alimentos sdo a disponibilidade de aminoécidos livres,
presenca de micro-organismos descarboxilase positiva (BRINK et al.,
1990). Muitas enterobactérias e alguns lactobacilos e enterococos sdo
particularmente ativos na formacdo de aminas biogénicas. A formacédo
de aminas por bactérias é influenciada pela temperatura de
armazenamento do alimento, sendo muito varidvel entre as aminas
(HALASZ et al., 1994).

Toxicidade

As poliaminas, como a espermidina e espermina, sao
importantes na regulacdo da funcdo de &cidos nucléicos e sintese
protéica, além da estabilizacdo de membranas. As aminas biogénicas sdo
neuroativas ou vasoativas, sendo a feniletilamina e a tiramina
responsaveis pelo aumento na pressdo sanguinea por vasoconstricdo e
aumento dos batimentos e da forca de contracdo cardiaca. Putrescina e
cadaverina causam hipotenséo, bradicardia e potencializam a toxicidade
de outras aminas. A histamina pode estimular diretamente o coracdo
como resultado do seu efeito na liberagdo de adrenalina e noradrenalina
pela glandula supra-renal, excitar a musculatura lisa uterina, o intestino
e 0 trato respiratorio, estimular tanto neurdnios sensoriais quanto
motores e controlar a secrecdo gastrica (SHALABY, 1996). O Quadro 5
apresenta as aminas biogénicas comumente encontradas em alimentos e
seus efeitos toxicos e sinais clinicos causados pela sua ingestao.



57

Quadro 5 - Aminas biogénicas comumente encontradas em alimentos e seus
efeitos toxicos e sinais clinicos causados pela sua ingestdo

Aminas Efeitos tdxicos Sinais clinicos
biogénicas
Histamina Vasodilatagdo Pele: erupcdo cutanea,
Libera adrenalina e urticaria e inflamacéo
noradrenalina TGlI:
Excita a musculatura uterina, nausea/diarréia/contracdo
intestinal e respiratoria abdominal
Estimula neurbnios sensores Pressdo sanguinea:
e motores hipotensédo
Controla a secre¢do de acido Outros: dores de cabeca,
gastrico palpitacdes
Mediador primario da Casos graves: sensagao
resposta alérgica de queimadura,
broncoespasmo e
dificuldade respiratdria
Triptamina Vasoconstrigdo Presséo sanguinea:
hipertensdo
Tiramina Vasoconstri¢do periférica Pressdo sanguinea:

Aumento do fluxo cardiaco

Aumenta taxa respiratoria

Aumenta o nivel de glicose

sanguinea
Libera noradrenalina do
sistema nervoso

hipertensdo

Geral: aumento de
salivacdo e
lacrimejamento;
dor de cabeca e
enxagueca

Feniletilamina

Vasoconstri¢do. Libera
noradrenalina do Sistema
Nervoso Simpatico

Presséo sanguinea:
hipertenséo

Geral: dor de cabeca e
enxagueca

Putrescina e
Cadaverina

Vasodilatagéo
Bradicardia
Potencializa o efeito das
aminas

Geral: paresia das
extremidades

Pressdo sanguinea:
hipotenséo

Espasmos mandibulares

TGI: trato gastrointestinal; fonte Shalaby (1996); Onal (2007)

Os teores das aminas bioativas, principalmente cadaverina,
putrescina e histamina, podem aumentar durante o armazenamento do
alimento, j& que estdo relacionadas com a deterioragdo. A presenca de
aminas bioativas em alimentos para animais de companhia pode ser um
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indicativo da qualidade e das condigdes higiénico-sanitérias, nas quais
0s mesmos sdo processados e/ou armazenados. Pela sua toxicidade é
importante o seu controle para evitar intoxicagdes alimentares.

1.3 Fatores interferentes no desenvolvimento de contaminantes
bioldgicos e seus metabdlitos em alimentos para animais de companhia

A presenca de contaminantes bioldgicos e a producdo de
toxinas (micotoxinas e aminas bioativas) em ingredientes e produto final
sdo determinadas por varios fatores extrinsecos (externos ao alimento) e
intrinsecos (inerente ao alimento) que afetam significativamente a
qualidade e composi¢do dos alimentos. De particular importancia podem
ser citados: temperatura, umidade relativa do ar (UR), propriedades dos
substratos incluindo a umidade e a atividade de agua (a,), potencial
hidrogenidnico (pH), bem como fatores bidticos (insetos, vertebrados e
outros micro-organismos) e formas de exposicdo do produto (LORINI,
1998; 2002).

1.3.1 Fatores extrinsecos

As condigbes de armazenamento podem favorecer o
desenvolvimento de acaros, insetos e micro-organismos, estando
diretamente relacionada, entre outros fatores, com o grau de limpeza dos
depésitos, UR, temperatura do ambiente (LORINI, 1998; 2002) e formas
de exposi¢do do produto final. A venda de alimentos para animais de
companhia em embalagens abertas em petshops e agropecudrias
(sistema a granel) favorece a presenga de insetos e consequentemente,
perda qualitativa do produto, além da disseminacdo de bactérias, fungos
e acaros que provocam modificacdes sensoriais no produto e formacéao
de toxinas, comprometendo a qualidade e seguranca do alimento na
etapa final da cadeia de producdo do produto (LAZZARI, 1997). Essa
forma de comercializacdo é permitida no Brasil, no entanto, deve ser
adotadas programas de controle da qualidade do alimento exposto, como
a implementacdo de boas praticas de comercializagdo, protegendo o
produto das condigdes climéticas e fatores bidticos. A Figura 8 mostra
duas formas diferentes de armazenamento e comercializagdo de
alimentos para animais de companhia em agropecudrias, podendo
comprometer sua qualidade e seguranca.
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Figura 8 — Condi¢des de armazenamento e comercializagdo de alimentos para
animais de companhia: (a) embalagens originais abertas e (b) recipientes
tampados.

Fonte: autor (2011)

A exposicdo do alimento ao ambiente compromete a sua
qualidade sanitdria (HINTON; MEAD, 1992) e seu tempo util de
conservagdo e validade, proporcionando contaminacdo de micro-
organismos.

A UR é relacionada com o equilibrio entre o alimento e o
ambiente. Os grdos e produtos finais que possuem a,, € teor de umidade
relativamente baixos quando expostos a um alta UR tendem a absorver
umidade (higroscépicos), favorecendo o crescimento de micro-
organismos; quando um alimento com alta a,e teor de umidade é
submetido a UR menores, eles desidratam para entrar em equilibrio com
0 meio. Por este fato a secagem de gréos e a manutengdo do ambiente de
armazenagem do produto final em condi¢des de UR controlada s&o
critérios que podem controlar a contaminagdo por fungos e bactérias
(SCUSSEL, 2002). Com relacdo a producdo de micotoxinas, essas Sdo
formadas quando certas condi¢des ambientais (UR e temperatura), além
das caracteristicas bioquimicas dos produtos que servem como
substrato, sdo propicias para a sua producdo. O crescimento de fungos
aflatoxigénicos (Aspergillus) é favorecido por temperaturas entre 23-
26°C e UR acima de 75 %, enquanto que para producdo de AFLs, a
temperatura e UR ideal sdo acima de 27°C e 85 %, respectivamente. O
género Fusarium produz micotoxinas em temperaturas entre 20 a 26°C
(ORSI et al., 2000). Esses fatores ambientais também favorecem a
formacdo de aminas bioativas nos alimentos para humanos e animais.
Os fatores predominantes sdo 0 tempo e a temperatura em que o produto
€ exposto no preparo, processamento e/ou durante seu armazenamento
(KOMPRDA et al., 2004).
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1.3.2 Fatores intrinsicos
(&) Teor de umidade

A umidade do alimento animal e/ou da matéria prima utilizada
tem relacdo direta com a presenca de contaminantes microbiol6gicos
(fungos e bactérias) e desenvolvimento de toxinas, especialmente as
micotoxinas (SCUSSEL, 2000; 2002). Quanto mais alto o teor de
umidade, maior o aparecimento de fungos tanto nos graos, ainda no
campo ou mal armazenados, quanto nos alimentos ja processados. Apos
0 processo de extrusdo do alimento animal, ha reducdo da umidade de
25 % (antes da secagem) para teor de umidade final de 8 a 10 % no
produto acabado. Neste nivel de umidade, o crescimento de micro-
organismos é dificultada, porém fungos xerofilicos sdo selecionados
(CRANE et al., 2000). Faixas extremas de teor de umidade impedem a
proliferacdo de fungos, porém apenas teores criticos sédo seguros (1 a 2
%) uma vez que fungos germinam em ambientes com baixa umidade,
gerando calor e liberacdo de &gua, esta por sua vez pode ser utilizada por
outras espécies para seu crescimento (SCUSSEL, 2002).

(b) Atividade de agua (ay)

A melhor medida da concentracdo de agua no produto final
refere-se & medicdo de sua ay, ou seja, medi¢do do teor de agua livre no
produto. E a principal responsavel pela deterioracdo do produto, pois
favorece o crescimento microbioldgico. Em geral, o crescimento de
bactérias patogénicas de interesse em alimentos ocorre numa faixa de a,,
de 0,90 a 0,86 e o crescimento fingico ocorre numa faixa mais ampla,
variando de 0.68 a > 0.90 (JOUANY, 2007; PITT; HOCKING, 2009).
Na Tabela 1 estdo sumarizadas a a, minima de crescimento de
diferentes micro-organismos e producao de toxinas.
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Tabela 1 — Atividade de agua minima para crescimento de bactérias, fungos e produgdo de toxinas

Contaminante biolégico

Atividade de 4gua (a)

Crescimento

Producdo de toxinas

Bactérias patogénicas

Salmonella 0,92-0,95 NI
Clostridium botulinum A 0,93-0,95 0,94 - 0,95
Clostridium perfringens 0,93-0,95 NI
Bacillus cereus 0,86 NI
Staphylococcus aureus 0,86 0,87 - 0,90 (enterotoxina A)
Fungos toxigénicos
A. flavus 0,78-0,80 0,83 - 0,99 (aflatoxina)
A. parasiticus 0,80-0,83 0,87 — 0,95 (aflatoxina)
A. niger 0,77-0,83 0,85 - 0,90 (ocratoxina A)
A. ochraceus 0,76 - 0,83 0,83 - 0,99 (ocratoxina A)
A. carbonarius 0,85-0,98 0,90 - 0,92 (ocratoxina A)
P. cyclopium 0,81- 0,85 0,87 - 0,90 (ocratoxina A)
P. veridicatum 0,83 0,83-0,86 (ocratoxina A)
P. expansum 0,82-0,83 0,95 (patulina e citrinina)
P. citrinum 0,80-0,84 0,90-0,95 (citrinina)
P. verrucosum 0,80-0,82 0,86-0,87 (ocratoxina A)
P. crustosum 0,83-0,85 0,92-0,95 (penitrem A)
F. graminearum 0,88 -0,90 0,95-0,99 (deoxinivalenol, zearalenona)
F. culmorum 0,87- 0,90 0,96-0,97 (deoxinivalenol, zearalenona)
F. verticillioides 0,87 0,92 — 0,93 (fumonisinas B; e B,)

NI: ndo indicado; Fonte: Pitt e Hocking (2009)
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Dos micro-organismos capazes de colonizar os grédos e produto
final, os fungos sdo os mais tolerantes a baixa a, quando comparados
com bactérias.

(c) Composicao do substrato

As caracteristicas fisicas e quimicas do substrato s&o
importantes na determinagdo da variabilidade de contaminantes
provaveis de serem encontrados. Os parametros fisicos incluem
disponibilidade de oxigénio e de ar residual no produto, e a
condutividade térmica, que influi sobre a temperatura nos grdos. Entre
as caracteristicas quimicas, destacam-se 0s conteldos de proteinas,
gorduras, aminoacidos e minerais. Muitas contaminages ocorrem mais
em alimentos completos para animais de companhia quando comparados
com as matérias primas utilizadas em sua elaboracdo (SCUDAMORE et
al., 1997), provavelmente em decorréncia da composicdo quimica
completa do substrato. A gordura e carboidratos sdo fontes de energia,
sendo fundamental para o crescimento microbiano, principalmente os
fungos, assim como alimentos para animais com alto contetdo de
proteina favorecem a producdo de aminas bioativas (GLORIA, 2005).

(d) Potencial hidrogenionico (pH)

A maioria dos micro-organismos cresce melhor em condigdes
de pH em torno de 7,0 (6,5 -7,5). As bactérias tendem a ser mais
exigentes se comparadas a fungos e leveduras, que podem crescer em
alimentos com pH < 4,5 (JAY, 2005). A Tabela 2 mostra os limites
maximos e minimos para crescimento de micro-organismos presentes
em alimentos.

Tabela 2 — Limite de pH para crescimento de micro-organismos presentes em
alimentos

Microrganimo 7 pH

Otimo Minimo Maximo
Bactérias 6,5-7,5 45 9,0
Fungos 4,5-7,0 15-35 8,0-11,0
Leveduras 4,0-6,5 15-35 8,0-9,0

Fonte: Jay (2005)

Tanto bactérias, fungos e leveduras podem crescer em
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alimentos para animais de companhia, ja que esses apresentam pH
varidvel, determinados principalmente pela adicdo de acidos organicos.
A presenca de substancias antimicrobianas naturais (eugenol, alicina) e
adicdo de aditivos (propilenoglicol, glicerol, sorbitol) na formulacdo do
alimento final sdo importantes fatores influenciadores no crescimento
microbioldgico e nos mecanismos da formacdo de toxinas bioldgicas
(aminas bioativas e micotoxinas) (KOMPRDA et al., 2004; EEROLA,;
MAIJALA, 2004).

1.4 Contaminantes bioldgicos e metabdlitos em alimentos para animais
de companhia reportados na literatura

Trabalhos referentes a contaminacgdo biol6gica em alimentos
para animais de companhia tém sido desenvolvidos em todo o mundo,
principalmente pela representatividade econémica que esse mercado tem
apresentado, além do estreitamento das relagdes afetivas entre humanos
e animais de companhia.

1.4.1. Sujidades biolégicas leves

Na avaliacdo da presenca de sujidades bioldgicas leves como
insetos, acaros e pélo de roedor em alimentos secos para caes
comercializados a granel (embalagens abertas), foram identificadas
sujidades leves em 94% (29/30) das amostras, porcentagem maior
devido a forma de exposicao desses produtos, estando mais susceptiveis
a contaminantes biol6gicos. Fragmentos de insetos foram encontrados
em 87,5 % das amostras, no entanto acaros ndo foram encontrados (DE
SOUZA KOERICH et al.,, 2010). Brazis et al. (2008), avaliando a
contaminagdo por acaros em 10 alimentos secos para cdes armazenados
durante seis semanas em embalagem aberta em ambiente domiciliar
(expostas diretamente ao ambiente), observou a presenga de acaros em
90% (9/10) das amostras, sendo mais prevalente o género Tyrophagus
spp. Em um estudo de avaliacdo da presenca desse tipo de acaros (de
armazenamento) realizado em 283 centrais de distribuicdo de cereais
para producdo de alimento animal, os mesmos foram encontrados em
81% dos estabelecimentos. Em outro estudo envolvendo 178 fabricas de
racbes para animais de producdo, &caros de armazenamento foram
encontrados em 89% das instalagdes (PRICKETT, 1992, 1994). Na
Inglaterra, também foram encontrados acaros, nesse caso, em 100% (36)
das amostras de rac¢do para bovinos e ovinos (CHAMBERS et al., 1999).
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1.4.2 Bactérias, fungos e micotoxinas

A contaminacdo microbioldgica presente nos alimentos para
animais de companhia pode ser um indicador de condi¢des sanitérias
inadequadas durante o processamento, 0 armazenamento ou de produ¢édo
(FRANCO, 2005). O desenvolvimento de dietas alternativas para 0s
animais de companhia, como dietas naturais (alimentos crds) e
organicas, utilizando ingredientes e matérias-primas constituintes da
alimentacdo humana, podem promover doengas e inclusive aumentar os
riscos de zoonoses e comprometer a seguranga alimentar do produto
fornecido, podendo favorecer o aparecimento de infecgdes bacterianas.
Em estudo realizado por Weese et al. (2005) na avaliagdo
microbioldgica de alimentos comerciais crus para cdes e gatos, as
bactérias E. coli, Clostridium perfringens e S. aureus foram isoladas
em15/25 (64 %), 5/25 (20 %) e 1/25 (4 %) das dietas avaliadas,
respectivamente. Finley (2007) e Strohmeyer et al. (2004) também
analisaram alimentos comerciais crus, onde isolaram Salmonella spp.
em 20 e 48 % das amostras. Santos et al. (2000), avaliando 10 tipos
diferentes do ingrediente farinha de carne e o0ssos, verificaram que 90%
(9/10) das amostras apresentaram contaminacdo por Salmonella.Os
alimentos completos extrusados avaliados por Miotto et al. (2010)
comercializados no Brasil apresentavam contaminacdo por B. cereus,
E.coli e Clostridium spp., demonstrando também a presenca de bactérias
patogénicas em alimentos extrusados (tratados termicamente).

Diversos trabalhos sobre a contaminacdo de alimentos e
racbes por fungos toxigenos foram publicados. Na avaliacdo da
micobiota presente em alimentos para animais de companhia realizada
por Scudamore et al. (1997), foi isolado Aspergillus, Eurotium e
Penicillium como géneros predominantes. Em estudos similares
conduzidos por Bueno et al. (2001), encontrou-se os trés géneros mais
prevalentes Aspergillus, Rhyzopus e Mucor. Aspergilus flavus foi
isolado em 86,6 % de 90 amostras de milho provenientes de diversas
regides do Brasil (ASEVEDO etal., 1994). Rosa (2002) estudou a
microbiota toxigénica de produtos vegetais e ragGes destinadas a
alimentacdo de frangos de corte em quatro fabricas de racdo do estado
do Rio de Janeiro e observou que o género Aspergilus sp.foi prevalente
(40,6 %), seguido de Penicilium sp.(39,8 %) e Fusarium spp.(14,7 %),
dentre outros. Copetti (2005) isolou Aspergillus em 55,6 % dos
alimentos comerciais para cées e gatos, seguido do Eurotium spp. (51,8
%), Penicillium spp. (44,4 %) e Fusarium spp. (33 %).
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Estudos realizados em 130 amostras de milho recém-colhido e
milho armazenado em S&o Paulo provenientes da colheita do ano de
1991 demonstraram que Fusarium sp. foi o género flngico dominante
(84 %), sequido de Penicilium sp. (55 %) e Aspergilus sp. (41 %)
(POZZI et al., 1995). A contaminacdo com fungos toxigénicos e
micotoxinas foi avaliada em Portugal por Martins et al. (2003). Neste
estudo os autores isolaram espécies toxigénicas do género Aspergilus e
Fusarium, e se detectaram as micotoxinas FBs, DON e OTA. O
Aspergilus flavus foi prevalente em 14 a 16 % de amostras em Portugal.

Maia e Siqueira (2002) estudaram 100 amostras de ragdo para
animais de companhia, sendo 45 para caes, 25 para gatos e 30 para
passaros. Estes autores detectaram AFLs em 12 % das amostras
utilizando a metodologia de cromatografia em camada delgada. A
concentracdo total de AFLs foi de 15 a 374 ng/g, com média de 131
ng/g. Todas as amostras de racdo que continham amendoim ou
derivados foram positivas para aflatoxinas. Sharma e Mérquez (2001)
estudaram os niveis de contaminacdo por AFLs em 35 racGes para cdes
no México, relatando que AFB; foi detectada em 79 % das amostras;
AFB, em 26 %; AFG; em 63 %; AFG, em 21 %; AFM; em 63 %;
AFM, em 89 % das amostras. Os niveis mais elevados de aflatoxina B;
foram de 39,7 ng/g de racdo. Estudo realizado na Universidade da
Carolina do Norte em 2002 revelou os seguintes nimeros para milho em
grdos utilizados para racdo animal: 70% das amostras positivas para
DON, 37% para as FBs, ZON em 11%, 9% para a AFLs e 6% para
toxina T,, um total de 231 amostras analisadas (WHITLOW; HAGLER,
2002).No intuito de avaliar os niveis de AFLs e FBs em ingredientes
utilizados na fabricacdo de ragfes para animais de companhia, Cruz
(2010) analisou 24 amostras de milho em grédo na etapa da recepcéo
utilizado para fabricacdo de racdo para animais de companhia. Nesse
experimento foram detectadas AFLs e FBs em 41,66 e 83,33% das
amostras, respectivamente.

Diversos autores, Scudamore et al. (1997), Henke et al. (2001)
e Maia e Siqueira (2002), verificaram que as AFLs tém sido detectadas
em alimentos comerciais na América do Norte e do Sul, devido a
incorporacao de milho e de oleaginosas como ingredientes significativos
de elaboracdo. Os alimentos comerciais para cdes e gatos geralmente
tém baixos niveis de AFLs, entretanto, os percentuais de amostras
positivas variaram segundo a qualidade da amostra. A Tabela 3
apresenta algumas contaminacfes por bactérias patogénicas, fungos e
micotoxinas reportadas na literatura.
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Tabela 3 - Contaminagdes de alimentos para animais de companhia por bactérias patogénicas, fungos e micotoxinas reportadas na

literatura
Pais de . . N° de . Contaminantes L
coleta Tipo de alimento amostra Animal Agente elou toxina Positivos (%) Referéncia
Bactérias
Reino Unido  Alimento seco - Cées Salmonella spp. (100) SCHOTTE et al.
(2007)
Canadé Alimento cru 25 Cées Clostridium 5/25 (20)
perfringens 1/25 (4) WEESE et al.
S. aureus 15/25 (64) (2005)
E. coli
Canada Carne crua para 112 Cées Salmonella spp. 50/112 (44,6) CHENGAPPA et al.
racdo (1993)
Canada Dieta crua comercial 25 Cées Salmonella spp. 5/25 (20) FINLEY (2007)
Estados Unidos Dieta crua comercial 21 Cées Salmonella spp. 10/21 (48) STROHMEYER et
al. (2004)
Brasil Alimento seco para 10 Cées B. cereus, 1/10 (10) MIOTTO et al.
cdes E.coli (2010)
Clostridium spp.
Brasil Farinha de ossos e 23 Cées Salmonella spp. 21/23 (90) SANTOS et al.
carne Racdo final (farinhas) (2000)
9/23 (37)
(ragdo)
Brasil Farinha de 0ssos - Cées Salmonella spp. (96,67) VELDMAN et al.

(1995)
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Racéo farelada - Aves Salmonella spp. (21) BOSQUIROLI
(1996)
Fungos
Brasil Milho para ragéo 90 Producéo Aspergilus flavus 78/90 (87 %) ASEVEDO et al.
(1994)
Brasil Produtos vegetais e - Frangos de corte  Aspergilus spp. (41) ROSA (2002)
racoes Penicilium spp. (39)
Fusarium spp. (14,7)
Brasil Milho 130 Produgdo e Fusarium spp. (84) POZZI et al. (1995)
companhia Penicilium spp. (55)
Aspergilus spp. (41)
Brasil Alimento completo 54 Cées (34) Aspergillus spp. 30/54 (55,6) COPETTI (2005)
Gatos (20) Eurotium spp. 28/54 (51,8)
Penicillium spp. 24/54 (44,4)
Fusarium spp. 18/54 (33,3)
Brasil Alimento completo 36 Passaros Aspergillus spp. 17/36 (47,2) SIMAO et al.
Cladosporium spp. 14/36 (38,9) (2010)
Mucor spp. 10/36 (27,8)
Penicillium spp. 8/36 (22,2)
Rhyzopus spp. 5/36 (13,9)
Fusarium spp. 2/36 (5,6)
Reino Unido Alimento completo 10 Cées (5) Penicillium 10/10 (100) SCUDAMORE et
Gatos (5) Eurotium al. (1997)
Aspergillus
Argentina Alimento completo 21 Cées (12) Aspergillus spp. 13/21(62) BUENO et al. (2001)
Gatos (9) Rhizopus spp. 10/21(48)

Mucor spp.

8/21 (38)
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Pais de Tipo de alimento N de Animal Contaminantes Referéncia
coleta amostra Agente e/ou toxina Positivos (%)
Fungos
Portugal Alimento completo 60 Caes (20) Aspergillus spp. 35/60 (58,3) MARTINS et al.
Gatos (20) Penicillium spp. 23/60 (38,3) (2003)
Passaros (20) Mucor spp. 22/60 (38)
Brasil Alimento completo - Cées Aspergillus, (65-89) CAMPOS et al.
Penicillium e (2008)
Fusarium
Micotoxinas
Reino Unido Alimento completo 100 Cées (35), OTA (1-7 pg/kg) 10/100 (10) SCUDAMORE et
gatos (35) AFB1 (2.1-370 png/kg)  30/100 (30) al. (1997)
Passaros (30)
Brasil Alimento completo 100 Caes (45) AFLs 12/100 (12) MAIA,;
Gatos (25) (19, 16 € 110 ng/kg) SIQUEIRA
Péssaros (30) (2002)
Brasil Alimento completo 123 Cées (46), AFLs (50 pg/kg) 6/123 (4.9) SCUSSEL et al.
Cavalos (26), ZON 19/123 (15.5) (2006)
Gatos (19),
Hamster (6),
Péssaro (19),
Peixes (3), coelho
(3), tartaruga (1)
Brasil Alimento completo 36 AFLs (1.2 A 456 30/36(83,3) SIMAO et al.,
. ng/kg) (2010)
Passaros ZON (7.0-299.2
ng/kg)
Brasil Alimento completo 611 Clies AFLs (1.500 pg/kg) 1123/611 (20) MALLMANN et
FBs (1.150 pg/kg) 415/611 (68) al. (2010)
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ZEA (116.000 pg/kg)  294/611 (48)
DON (42.000 pg/kg) ~ 92/611 (15)

Brasil Alimento completo 182 Cées, gatos, FBs 15/182 (8,2) MANFIO et al.
coelhos (1.010-41.100 pg/kg) (2010)
Portugal Alimento completo 60 Caes (20) OTA (2.0-3.6 pg/kg)  5/60 (9) MARTINS et al.
Gatos (20) FB1 (12-24 pg/kg) 3/60 (5) (2003)
Péssaros (20) DON (100-130 ug/kg) 3/60 (5)
Meéxico Alimento completo 35 Cées (19) AFB; (Gatos: 46,1, 30/35 (86) SHARMA,;
Gatos (16) 30,8 e 22,2 pg/ky; MARQUEZ
Cées: 39,7 e 27,0 (2001)
pg/kg)
Estados Unidos Sementes 142 Passaros AFLs (100 pg/kg) 25/142 (17) HENKE et al.
silvestres (2001)
Estados Unidos ~ Milho em gréos 231 Produgéo e DON 40/231 (17) WHITLOW;
companhia FBs 86/231 (37) HAGLER (2002)
ZON 26/231 (11)
AFLs 14/231 (9)
T2 13/231 (6)
Brasil Milho em gréos 24 Animais de AFLs 10/24 (41,66) CRUZ (2010)
companhia (5,34-41,74 pg/kq) 20/24 (83,33)
FBs

(156-2.489 pg/kg)

Fonte: adaptado Scussel et al. (2011) e Boermans e Leung (2007).
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1.4.3 Aminas bioativas

As aminas bioativas tém sido descritas como naturalmente
presentes nos alimentos in natura. Em alimentos processados para
humanos via fermentacdo/maturacéo, tais como queijos, vinhos, cerveja
e embutidos carneos, a presenca destes compostos tem sido descrita
principalmente como resultado de acdo das enzimas de micro-
organismos sobre aminoacidos especificos (LATORRE-MORATALLA
et al., 2007; ONAL, 2007). Sobre presenca de aminas bioativas em
alimentos para animais de companhia ainda ndo ha muitos relatos na
literatura. O unico trabalho com andlise de aminas bioativas em
alimentos para animais foi relatado por Gléria e colaboradores (2010),
na qual analisaram 10 amostras de alimentos industrializados completos
paracdes adultos e filhotes. O nivel total de aminas foi
significativamente alto em alimentos para adultos se comparado com
filhotes (182,0 e 105,0 mg/kg respectivamente). A cadaverina foi a
amina mais encontrada em ambos o0s alimentos (26,3 e 24,3%
respectivamente). Em adultos, a cadaverina foi seguida pela tiramina
(24,9%), putrescina (19,7%) e espermidina (12,3%), enquanto em
alimentos para filhotes, foi seguida pela espermidina (22,6%), tiramina
(16,8%) e putrescina (16,5%).

Altas concentracBes de aminas bioativas em alimentos podem
ser atribuidas ao crescimento de micro-organismos ou, ao
estabelecimento de processo de deteriora¢do (LIMA; GLORIA, 1999).
As condi¢des de processamento e adogdo de boas préaticas de fabricacéo
podem influenciar consideravelmente nos valores destes compostos
reduzindo sua formacdo (GIROTO et al., 2010).

Os problemas coma contaminagdo por aminas bioativas em
alimentos para animais de companhiadeve ser considerado, aumentando
a triagem de ingredientes e matéria prima utilizados na producdo de
alimento animal, como também maiores controles de qualidade durante
0 processamento e armazenamento dos alimentos (SCUSSEL et al.,
2011).

1.5 Legislagbes para contaminantes biolégicos e metabdlitos em
alimentos para animais de companhia

A regulamentacdo basica para a inspecdo e a fiscalizacdo
obrigatdrias dos produtos destinados a alimentacdo animal esta prevista
no Decreto n° 6.296 de 11/12/2007 (BRASIL, 2007b). O Decreto €
regulamentado por meio de Instrugbes Normativas que vém sendo
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atualizadas periodicamente. A auséncia de critérios e normas técnicas
para contaminantes bioldgicos de alimentos industrializados para cées e
gatos, compromete a seguranca desses alimentos, sem exigéncia de
padronizacdo da qualidade entre as indUstrias produtoras. Na maioria
dos paises, o alimento para animais de companhia ndo apresenta
regulamentacdo especifica para este tipo de produto.

1.5.1 Sujidades biologicas leves

Ndo ha legislacdo especifica para o cumprimento dos
parametros microscopicos e presenca de sujidades bioldgicas leves em
alimentos destinados a animais de companhia. As sujidades bioldgicas
leves identificadas em alimentos para cdes (como fragmentos de insetos
e acaros) sdo consideradas prejudiciais a satide humana (e indiretamente,
risco a saude animal) pelo fato de serem considerados importantes
vetores mecanicos de contaminantes alimentares (fungos, virus,
bactérias). A omissdo no controle sanitario do processamento e
armazenamento desses alimentos reforca a preocupacdo dos cuidados
gue devem ser realizados quanto a aquisicdo da matéria prima, producao
e armazenagem desses alimentos industrializados. Para que se previnam
essas contaminacfes, € necessario manter o controle higiénico-sanitario
em todas as etapas de producdo, armazenamento e distribuicdo do
alimento, conforme estabelecido na Instrugdo Normativa n° 4, de
23/02/2007 (BRASIL, 2007a), que estabelece as condigdes higiénico-
sanitarias e de boas praticas de fabricacdo para estabelecimentos
fabricantes de produtos destinados a alimenta¢éo animal.

1.5.2 Contaminantes microbioldgicos

A auséncia de padrGes microbiolégicos para alimentos para
cdes e gatos dificulta a anélise sobre o possivel risco que o0s
contaminantes bioldgicos possam representar a salde dos animais de
companhia e humanos, jA que muitos patégenos sdo considerados
agentes zoonoticos. Sdo seguidos alguns manuais € normas que limitam
a quantidade de contaminantes que podem estar presentes. Na Tabela 4
estdo os limites toleraveis, para alguns micro-organismos, estabelecidos
para animais de producdo previstos no manual de normas e padrfes de
nutricdo e alimentacéo animal (MAPA, 2000), assim como limites para
alimentos destinados a animais de companhia, de acordo com o Manual
PIQPET (ABINPET, 2008).
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Tabela 4 - Limites para contaminantes microbiolégicos segundo normas microbioldgicas do MAPA e manual ABINPET
Animais de producdo (MAPA, 2000)* Animais de companhia (ABINPET, 2008)°

Micro-organismo

Adequado  Aceitavel  Inaceitdvel Adequado Aceitével Inaceitavel
Contagem total de <10°  10°-100  >10° NI NI NI
mesofilos/g
Enterobactérias/g <10 10 - 10* >10° <10 10 - 10° > 10*
E. coli em 25¢g Ausente Presente Presente Ausente Ausente Presente
Coliformes fecais NI NI NI <10 10 - 10° > 10"
Salmonella em 25¢g Ausente Ausente Presente Ausente Ausente Presente
(zlggmpylobacter Jejuntem NI NI NI Ausente Ausente Presente
Bacillus cereus NI NI NI <10 10 - 10° >10°
Staphylococcus aureus NI NI NI <10 10 - 10° > 10*
Fungos e leveduras/g <10 10° - 10* >10° <10 10— 10° > 10"
Clostridium sulfito NI NI NI <10 10 — 10* > 10°

redutor
Fonte: adaptado MAPA (2000) e "ABINPET (2008)
NI: ndo informado
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Cabe ressaltar que na auséncia de padrGes estabelecidos por
orgaos reguladores, o fabricante é responsavel por implementar, validar,
verificar e rever periodicamente o seu programa de auto controle,
garantindo a seguranca do alimento animal.

1.5.3 Micotoxinas

A legislacdo brasileira estipula concentragdo maxima
permitida somente para AFLs, tanto na matéria prima utilizada na
producdo de alimento animal quanto no produto final. Para alimentos de
consumo animal, ingredientes e ragdes, 0 MAPA aprovou a Portaria n°
07 do MAPA (BRASIL, 1988) que define como limite maximo
permitido de AFLs em 50 pg/kg. Ndo ha regulamentacdo para limites
méaximos permitidos para micotoxinas em alimentos para animais de
companhia, somente para animais de producdo. No entanto,em muitos
casos,0 controlede qualidade das empresaspodemultrapassar o
requisitominimoregulamentarpara garantir a segurancae eficacia
deprodutospara cdes e gatos. Na Tabela 5, estdo descritos os limites
maximos permitidos de micotoxinas em alimentos para animais de
companhia segundo o Manual do Programa Integrado de Qualidade Pet
(ABINPET, 2008).

Tabela 5 - Limites méximos de micotoxinas em alimentos para animais de
companhia

Micotoxinas Limite maximo
permitido (ng/kg)®

Aflatoxinas (AFB;+AFB,+AFG;+AFG,) 20

Aflatoxina B, 10

Ocratoxina A 50

Fumonisina (B;+B,) 5000
Zearalenona 200
DON (Vomitoxina) 1000
Citrinina 500
Nivalenol 100
T, 100

#produto acabado; Fonte: ABINPET (2008)

A Tabela 6 apresenta limites permitidos de micotoxinas em
produtos para alimentacdo animal baseados em legislacdes de varios
paises e grupos econdmicos (Mercosul e Unido Européia).
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Tabela 6 - Limites maximos permitidos de micotoxinas em alguns paises de acordo com o produto utilizado na alimentagao

animal
Pais Produto Micotoxina Limite (ng/Kg)
Brasil Matérias primas e ragdes AFB1+AFB,+AFG,+AFG, 50
Canada Racg0es AFB+AFB,+AFG;+AFG, 20
Racdes para gado e aves Deoxinivalenol 5000
Toxina T-2 100
Rac0es para porcos, novilhas e animais e lactacdo  Deoxinivalenol 1000
Toxina T-2 25
Chile Racbes AFB; 20
AFB;+AFB,+AFG+AFG, 50
Meéxico sCLJE}:\eoa;S para bovinos e ra¢bes de engorda para AFB+AFB,+AFG+AFG, 200
E.UA Rac&o final - suinos AFB,+AFB,+AFG;+AFG, 200
Racdes de crescimento - aves e suinos AFB+AFB,+AFG;+AFG, 20
ZON 2
Austria  RacBes para porcos DON 500
Racdes para gado de corte, poedeiras e matrizes DON 1000
Aves para corte ZON 1500
Racdes para porcas matrizes ZON 50
Suécia Ingredientes para racéo AFB; 50
Ingredientes para racdo para gado leiteiro AFM; 10
Gréos de cereais e forragens como ingrediente AFB 1
~ i s 1
para racdo de gado leiteiro
RacOes misturadas (exceto forragens) para gado AFB; 3
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leiteiro
RacGes completas AFB; 10
RacGes completas para gado de engorda, ovinos,
. . 2 AFB, 50
caprinos, exceto gado leiteiro e animais jovens
Ra_goe_s c_ompletas para porcos e aves, exceto AFB, 20
animais jovens
Racdes completas para gado leiteiro, incluindo AFB, 15
forragens
RacGes completas para aves OTA 200
RacOes completas para porcos OTA 100
Unido Matéria prima para racoes AFB; 50
Européia  Ragéo pronta AFB; 10
Racdes completas para suinos e aves AFB; 20
Racdes completas para gado de engorda, ovinos,
. A AFB; 50
caprinos, exceto animais jovens
Racgdes completas para novilhos e cordeiros AFB; 10
China Racdo para frangos AFB; 10
Racédo para poedeiras e suinos de engorda AFB; 20
Milho, farelo de amendoim e outros residuos de
AFB, 50

amendoim

Fonte: adaptado FAO (2006)
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A legislacdo brasileira vigente ndo abrange um ndmero
significativo de micotoxinas e produtos regulamentados. Além disso, o
Brasil como grande produtor de gréos, cereais e derivados, deveria ser
mais rigoroso quanto aos limites tolerados de contaminagdo para AFLs e
poderia estabelecer limites residuais para outras micotoxinas, com a
finalidade de garantir maior qualidade aos produtos e maior seguranga
para os consumidores. Programas de monitoramento dos niveis de
contaminacdo de alimentos por micotoxinas sdo essenciais para
estabelecer prioridades em acbes de Orgdos reguladores (SCUSSEL,
2002).

1.5.4 Aminas bioativas

N&o ha regulamentacdo de aminas bioativas em alimentos
para animais. Alguns paises tém regulamentado a quantidade maxima de
histamina em produtos alimenticios para humanos.Nos EUA foi
estabelecido nivel de tolerancia de 100 mg/kg em algumas espécies de
peixes (FDA, 1996). O nivel de histamina também € restrito na Unido
Européia - UE (100 mg/Kg), Africa do Sul (100 mg/Kg), e Austrélia
(200 mg/Kg) (CE, 2005; AFRICA DO SUL, 2001; AUSTRALIA,
2001). No Brasil, o Ministério da Agricultura, através da Portaria n°185,
13/05/1997 (BRASIL, 1997), também estabelece o limite de 100 mg/Kg
de histamina no musculo de peixes das espécies pertencentes as familias
Scombridae, Scomberesocidae, Clupeidae, Coryphaenidae e
Pomatomidae para alimentagdo humana. Na Europa, os niveis aceitaveis
para o consumo humano de tiramina e feniletilamina em alimentos
fermentados sdo 100-800 e 30 mg/kg, respectivamente (CE, 2005). Em
relacdo & ingestdo de produtos contendo estes compostos, diversos
autores relatam que o consumo de alimentos contendo niveis de 1.000
mg/Kg destas aminas biogénicas pode provocar efeitos psicoativos e
vasoativos em fungdo do tipo de amina presente (LIMA; GLORIA,
1999; KOMPRDA et al., 2004).
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Abstract

Due to the increasing of the pet foods marketing and the need to
establish standards for quality and registration purposes, a study was
conducted to evaluate the information on the package labels of 64 dogs
and cats complete dry foods commercialized in Brazil and compare
them to current regulation of the sector. From the total labels analyzed,
all of them (100%) presented unconformity for at least one of the items
evaluated. The highest rate of non-conformity was observed in the
presentation of illustrations and phrases that induced theuse of the
product based onthe false concept ofadvantage oranimal health security
(47%), leading to the misunderstanding of the owners. The results
demonstrate a deficiency of the manufacturing companies regarding the
labeling adequacy to the pet food regulation, as well as indicate a lack of
rigorous enforcement by the agencies.
Key words: pet food, dogs, cats, labels, regulation.

Resumo

Considerando a diversidade de tipos, composicao e informacdes
atrativas presentes nas embalagens de alimentos para cdes e gatos
existentes no mercado, foi realizado um estudo para avaliar as
informacBes contidas na rotulagem de 64 alimentos completos secos
para esses animais comercializados em diferentes regides do Brasil e sua
conformagdo com as informacdes obrigatdrias exigidas pela legislacao
brasileira. Do total de 64 r6tulos analisados, 100% tiveram discordancia
para pelo menos um dos itens avaliados. A maior frequéncia de néo
conformidades observada foi a apresentagdo de ilustracBes e frases
inadequadas que d&o ideia de vantagem ou seguranca (47%), induzindo



96

ao entendimento equivocado dos proprietarios.Os  resultados
demonstraram deficiéncia das empresas fabricantes quanto ao
cumprimento e em ag¢Ges para adequacao da rotulagem de seus produtos
as normas vigentes, além de falta de fiscalizacdorigorosa por partedas
agéncias.

Palavras-chave: alimentos para animais, cdo, gato, rotulagem,
legislagéo.

Introduction

A considerable increase in the marketing of pet foods has been
observed in recent decades.The market-oriented products for pets, has
become a very promising investment, since this niche corresponds to
80% of all products in order to meet the demands of the consumers.The
great development of this market is mainly due to the large population
of dogs and cats living in confinement and it is estimated that in Brazil
there are 29 and 14 million dogs and cats, respectively (SIMAO &
SCUSSEL, 2008; ABINPET, 2011). The Brazilian Ministry of
Agriculture, Livestock and Supply (MAPA) is responsible for regulating
the inspection and supervision of products intended for animal feed,
standardizing the labeling information and obligations of the
manufacturers of these foods (BRAZIL, 2003, 2009). While recent
federal regulation may change some aspects over the next few years, an
understanding of who regulates pet foods and the basic rules governing
the manufacture, labeling, and distribution of pet foods as they exist
today is necessary to appreciate the extensive controls that are placed on
the industry.

In 2009, two Normative Instructions (NI) established by the
MAPA (BRAZIL, 2009) regulated the procedures for registration
ofestablishments and products for animal feed, its labeling and
advertising, in addition to the exemption from registration of products
for feeding pets.On the other hand, the Ordinance n.2658 of the Ministry
ofJusticeandDecree n. 4680, established the right to information on
food and ingredients for human and animal consumption, related tothe
presence of genetically modified organisms (GMO) (BRAZIL, 2003).

There is a lack of information regarding the adequacy of pet
food labeling in Brazil. Only a work carried out by the same group in
2011 reported non-conformities in Brazilian foods for dogs (de SOUZA
KOERICH et al., 2011). Considering the diversity of types, composition
and information present inattractive packaging of pet foodin the market,
a study was conducted to evaluate the information in the labeling of
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complete dry food for dogs and cats sold in different regions of Brazil
and its adherence to regulation required by Brazilian law.

Material and Methods

Samples: collected by free access, intentional sampling in
supermarkets, agricultural households, veterinary clinics and pet stores,
64 samples of complete dry food for dogs and cats packages of different
brands commercialized in Brazil, from three Regions: (a) Southern: 41;
(b) North: 19 and (c) Southeast: 4. Out of the total, 31, 30 and 3
packages were produced in Southeast, South and Midwest Region,
respectively. In total, 48 (75%) were for dogs and 16 samples (25%) for
cats, and about age, 13 (20%) intended for puppies, 44 (69%) for adult
animals and 7 (11%) for seniors.

The dogs and cats dry food packages were evaluated in
several aspects related to compliance with Brazilian law by the
manufacturers as to their suitability. The regulation were: (@) NI n.15 of
26/05/2009 —provides the procedures for registration of establishments
and products intended for animal feed, (b) NI n. 30 of 05/08/2009 -
establishes criteria and procedures for the registration of products for the
labeling, advertising and the exemption from registration of products
intended for pet animals, (c) Decree n. 4680 of 24/04/2003- regulates
the right to information about food and food ingredients intended for
human consumption or feed containing, or produced from GMO, subject
to compliance with other applicable standards and (d) Ordinance n. 2658
of 22/12/2003 - regulates the use of transgenic symbol mentioned in
Art 2 of Decree n.4680. The consumer should be informed about the
kind donor of the gene in the place reserved for the identification of
ingredients. The symbol should appear in the main panel, high light and
color contrast to ensure the correct visibility.

The individual analysis of each package included the items
(BRAZIL, 2009a and b): correct classification of the product according
to the MAPA regulation (complete and specific food); clear indication
of use, species, stage and type of animal and instructions for supply or
use of the product; determination of basic composition and levels of
security and guarantees minimum declared the product adequately
described; ingredient necessarily inscribed in the field emphasized basic
composition and reported their level of inclusion and featured nutrient
levels stated in the warranty; additives declaration in the basic
composition of the product at the end of the list of ingredients; storage
conditions and time of consumption; date of manufacture and expiry
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date, being the day, month and year in Arabic numerals; batch product
identification legibly, indelibly marked and visible; vitamins and trace
levels declared enrichment in the field to a minimum; information of
basic composition, level of assurance, statement of use, animal species
and category to which they relate, how to use and care grouped together;
manufacturer's information; manufacturing establishment with different
plants according to the criteria for registration and identification of units
with letters; official stamp of inspection; expressions "Brazilian
Industry" and "Use prohibited in ruminant feed"; contain vocabulary,
terminology, statements, signs, names, slogans, logos, seals, emblems,
illustrations, photos, drawings or other graphical representations that can
make the information untrue, inaccurate, insufficient, or that might lead
consumers to mistake, error, confusion, deception or false
understanding, also suggest treatment, prevention, diagnosis, alleviation,
cure, pharmacological, immunological action, therapeutic activity or
relationship with poisoning, infections, disorders, diseases, signs,
symptoms, syndromes or anatomical data. Labels also were evaluated if
the mandatory information was printed in a contrasting color to the
background and font size legible and cannot be located in the folds of
packaging seams or difficult to see anywhere.

Results and Discussion

Out of the 64 labels evaluated, 100% showed some non-
conformity to the Regulation items accessed (Brazil, 2003a and b; Brazil
2009a and b). They were related to theproduct rating, the food use
guarantees, composition and guarantees, also regarding to the
manufacturer’s information, as model of the official inspection and
enforcement stamp, the binding expressions, GMO symbol and
misunderstanding and/or confusion (Table 1).

Product rating: according to the MAPA regulation, labeling
of 8 (12.5%) incorrectly classified the type of food, as specific food
rather than complete food for dogs. For the purposes of NI n.30, a
specific food product is compose of ingredients or raw materials or
additives intended exclusively for feeding pets with the purpose of
pleasure or reward and that is not characterized as whole food and can
have properties specific.

Use guarantees: clear indication of use, species, stage and
type of animal and instructions for supply or use of the product only one
sample did not clearly indicate the stage to which the food was intended.
Storage conditions and period of consumption — 100% of the labels
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indicated storage conditions. Date of manufacture and expiry date, being
the day, month and year in 11 (17%) samples did not indicate expiry
date in Arabic numerals, but as period of consumption. Even, a sample
indicated woforms of validity, and that they did not show the same
expiration date of the product. About batch product identification,
12 (18.7%) samples didn’t indicate this information.

Composition and guarantees: determination of basic
composition and levels of security and guarantees minimum declared
the product adequately described only 2 (3%) of the labels showed no
minimum guarantees described in mg kg'or g kg*, only a
percentage (%), in disagree with regulation. About the ingredient
necessarily described in the field emphasized basic composition and
reported their level of inclusion and featured nutrient levels stated in the
warranty, 14 (21.8%) labels in scribed nutrients, but did not report the
levels of security. All additives should be declared in the basic
composition of the product at the end of the list of ingredients, but in
4 (6.25%) of the labels were incorrectly described in the field of
enrichment. With respect to levels of assurance, 9 (14%) did not report
levels of assurance in the field enrichment, even with the addition of
vitamins and mineral premix base composition (product formulation)
and 19 (15.6%) indicated but not quantified adding the minimum values
of inclusion. In 9.4% labels, vitamins A, D and E were not guaranteed in
IU kg™and vitamin B12 in pgkg™. About information care grouped
together, 9 (14%) labels were non-conformities.

Manufacturer’s information: 13 (20%) labels did not comply
with the criteria for registration and identification of units with letters in
manufacturing establishment with different plants, 7 (11%) had no
identification letter spelled after the date of manufacture for identifying
the location of the factory where the product was manufactured and
8 (12.5%) not had included the phrase: "the manufacturing
establishment is identified by the letter corresponding with the date of
manufacture.”

Model of inspection and enforcement official stamp:
19 (15.6%) of the labels were incorrect with the requirements of the
regulation (NI No.30).

Binding expressions: 8 (12.5%) of the labels did not havethe
expression "Brazilian Industry" and 100% indicated the expression “use
prohibited in ruminant feed".

GMO symbol: 10 (15.6%) of the labels did not contain the
GMO symbol foods intendedfor animal consumption that areproduced
from genetically modified organisms, but also the obligation to inform
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the consumer about the kind of gene donor in the place reserved for the
identification ingredients (BRAZIL, 2003a). It is to assess if all products
that do not have these symbols on the labels really do not use GMO
products in their composition, which can only be obtained through
analysis.

Misunderstanding and or confusion: regarding the display of
expressions that can induce consumers to mistake, error, confusion,
deception or false understanding, 30 (46.8%) of the labels had
illustrations that induced the use of the product based on the false
concept of advantage or animal health security and 10 (15.6%)
contained dubious phrases that made the misinformation and lead the
owner to false understanding.

In the general arrangement of the required information, there
was a lack of standardization in the distribution of the information
required, not following the grouped of information as required by
regulations. Information labels of 8 (12.5%) were available at different
locations of the package and not as visible, and prioritize calls
andbusiness figures and 24 (37.5%) of the labels did not facilitate the
visualization of information requirements (small letters, located in folds
and seams of the package).

Conclusion

The non-conformities on the labels of complete dry foods for
dogs and cats regarding regulations demonstrated deficiency of
manufacturers in take actions to fit the labeling of their products to
current standards, and lack ofen forcement agencies into meet these
standards. It is necessary that the pet food producers suit to the new
regulations in order to avoid consumers (owners) to misinformation and/
or ambiguity of understanding.
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Table 1 - Labels rating of dogs and cats complete dry food packaging
sold in Brazil and their description of non-compliances based on the
current Regulation for pet food labeling

Labeling does not comply

Brazilian NI
Regulation® inti . iti umboer o
9 Description of non-conformities labels (%)

NI 30 art.43 Contain expressions and illustrations that 30 (47)
can induced consumers to mistake, error,
confusion, deception or false
understanding of the owner

NI 30 art.25 Do not facilitate the visualization of 17 (37.5)
information requirements (small letters,
located in folds and seams of the package)

NI 30 art.32 Labels inscribed nutrients, but did not 14 (21.8)
report the levels of security

NI 30 art.51 Do not comply with the criteria for 12 (19)
registration and identification of units with
letters in manufacturing establishment
with different plants

NI 30 art.9/38 Do not identify the batch of product 12 (19)

NI 30 art.37 Do not indicate expiry date in Arabic 11 (17)
numerals

Ordinance n. Do not contain the symbol on the labeling 10 (16)

2658 art. 1 of GMO in complete foods produced from

Decree n. 4680 genetically modified organisms listed in

art.1, 2 the identification of ingredients (the gene
donor species mentioned)

NI 30 art.9 Wrong specification of the model the 10 (15.6)
official stamp of the inspection and
supervision

NI 30 art.43 Label indicates the addition of vitaminand 9 (14)

mineral premix formulation, but does not
state the level of assurance in the field
enrichment



NI 30 art.25

NI 30 art.9

NI 30 art.51

NI 30 art.9

NI 15 art.20;
NI 30 art.14
NI 30 art.15/30

NI 15 art.20
NI 30 art.14

Do not contain information grouped basic
composition  assurance  levels, an
indication of use, animal species and
category to which they relate, and how to
care and use restrictions

Incorrectly classified the type of food
according to the MAPA regulation

Do not include the phrase: "the
manufacturing establishment is identified
by the letter corresponding to the date of
manufacture of each branch” in the
manufacturing  establishment  shaving
different branches

Do not havethe expression "Brazilian
Industry”

Do not indicate vitamin E in 1U kg'and
vitamin B12 in pg kg™

Declaring additives in the field of
enrichment

Do not present level of assurance
expressed in mg kg™ or g kg™
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9 (14)

8 (12.5)

8 (12.5)

8 (12.5)

6 (9.4)
4 (6.25)

2(3)

®Regulation n. 4.680, 24/04/2003
Ordinance n. 2658, 22/12/2003
NI n. 15, 26/05/2009

NI n. 30, 05/08/2009
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Abstract

Quality of pet foods must be primary concern for manufacturers
worldwide and their guaranteed levels must be stated on foods labels
and be followed. This work reports an investigation regarding the
guaranteed levels stated on 52 of dogs and cats samples pack labels
versus laboratorial data and country regulation. The laboratory data of
44% dogs and cats food samples did not correlate to the levels described
on the labels. The data was compared to the international levels of
inclusion regulated by the AAFCO for Pet Food Regulation and NRC,
and regarding nutritional requirements, 50% of Europe and North
America samples did not meetthe level recommended. Most of the
moisture content samples were in the safe range with exception of 4% of
North America samples. More attention should be taken by the
manufacturers, regarding nutritional values reported on pet food labels
and the real content present in the packs food content.

Keywords: dog, cat, food, labels, nutrients, safety.

1 Introduction

Dry pet food represents the main product of the food industry
for pets. This complete food is composed of several ingredients
providing nutrients mainly protein, fat and ash which are stated as
nutritional guaranteed levels (NGLs) (AFCCO 2008). Those food
groups must supply the nutrients required to meet a balanced
metabolism and provide the proper nutrition for the intended use (each
pet’s life stage). Pet’s development, health and longevity depend upon
receiving the correct amounts and proportions of those NGLs
(Thompson 2008; FEDIAF 2011). Therefore, the variety of ingredients
and the maintenance of the NGLs standards officially established should
be prioritized, as alterations can affect animal’s performance (Carciofi,
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2008; Zicker, 2008).

Regarding the importance of fat in the diet of dogs and cats, it
is responsible for providing the essential fatty acids and energy as well
as to enhance the diet palatability. A minimum amount of dietary fat is
also needed as a carrier for the fat-soluble vitamins (Bauer, 2006;
Peachey et al., 1999).Both, animals are able to keep healthy when
consuming food that contain a wide range of different fat content,
provided that other nutrients are adjusted to account for the changes in
energy density. Most of adult’s pets today live relatively sedentary
lifestyles and do not need high fat concentrations (Case et al., 2011). On
the other hand, protein in the diets (as crude protein — CP) is necessary
for the replacement of protein losses in the skin, hair, digestive, enzymes
and mucosal cells, as well as amino acid losses from normal cellular
protein catabolism (Carciofi, 2008).

Minerals matter (MM) is represented in the NGLs as ash
content. It represents the amount of two groups of mineral nutrients
required by pets - the macro minerals (Ca, P, K, Na, Cl and Mg) and
trace minerals (Fe, Cu, Zn, Mn, Se, 1) that are necessary for enzyme
functioning and other reactions to keep the metabolism balanced.
However most of them do not have established and/or label stated limit
of inclusion on pet foods of different countries regulation. The minerals
that are of most practical significance in the nutrition and feeding
management of dogs and cats today are Ca and P and quantities have
been established for pet food daily consumption (Case et al., 2011).
Despite this, mineral nutrition problems in dogs and cats are often a
result of excesses or imbalances from interactions with other nutrients
(FEDIAF, 2011).

Another important guaranteed level in pet food quality is the
moisture content (mc) which, when altered, may interfere to pet food
safety regarding microorganism growth and deterioration. It is included
on the labels as the safety guaranteed level (SGL). Inadequate moisture
conditions may influence microbiological contamination, such as fungi,
yeasts and bacteria growth in pet food. If it is higher than 12 % indicates
possible food deterioration and/or further food sanitary problem. Dry pet
foods contain between 6 and 12 % of mc (Zicker, 2008). The extrusion
process reduces the total mc of the product thus inhibiting the growth of
most organisms. The importance of drying and the mc control during
processes and final product storage is crucial to guarantee safe pet food
and prevent contaminations (Carciofi, 2008).

In order to check if the quality GLs stated on the pack labels
of dry pet food samples correspond to their inside real content, a work
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was carried out to evaluate the NGL and SGL indicators of dogs and
cats samples from different countries by a) laboratory analysis; b) their
accomplishment to the labels’ declared; c) if both are in conformity to
the standards established by each country’s regulation and d) correct
requirement for dogs and cats established by the internationally
recognized AAFCO and NRC.

2 Materials and Methods

2.1 Materials

Samples: dry food (52) for dogs (37) and cats (15) in different
life stages (puppy and adult) from several brands, in their original sealed
packs.

Chemicals:(b.1) reagents - chloride acid, sodium
hypochloride, perchloric acid, sulfuric acid, sodium chloride, sodium
salicylate, sodium nitroprusside, sodium hydroxide, disodium hydrogen
phosphate, all analytical grades (Vetec, Rio de Janeiro, Brazil), Triton
X-100 (Sigma Chemical, St. Louis, USA); (b.2) solvents - methanol,
ethyl and petroleum ether analytical grade (J.T.Baker, Texas, USA) and
ultrapure water (Millipore, Massachusetts, United States).

Equipment: drying oven (Fanem, Sao Paulo, Brazil),
analytical scale (Shimadzu, Kioto, Japan), vacuum pump (Tecnal, Sdo
Paulo, Brazil), block digestor (Tecnal), water bath (Quimis, Sao Paulo,
Brazil), muffle (Quimis, Sao Paulo, Brazil) and protein analyzer (Leco,
Saint Joseph, USA).

Other materials: non-vacuum desiccators @ 200 mm and
membrane filter with 0.45 um and 0.45 mm for porosity and diameter,
respectively (Millipore, Massachusetts, United States).

Pet food regulations: (e.1) Canada: Feed Regulations by
Minister of Justice (Canada, 1983); Guide for Labeling and Advertising
of Pet Foods by the Canadian Government’s Competition Bureau of
21/09/2001 (Canada, 2001); (e.2) Mexico: Secretary ofAgriculture,
Livestock, RuralDevelopment, Fisheries and Food- SAGARPA (Mexico
2000, 2004, 2011) and National Service of Health, Food Safety and
Quality- SENASICA (Mexico, 2000; 2011); (e.3) European
Union (EU): European Commission 767, 13/07/2009 (EC, 2009);
European Commission 939, 20/10/2010 (EC, 2010); European Pet Food
Industry Federation, 08/2011 (FEDIAF, 2011) and (e.4) Brazil: Ministry
of Justice, Law n.8078, 11/09/90 (Brazil, 1990); Ministry of Agriculture,
Livestock and Supply - MAPA, Decree n. 6296, 11/12/2007 (Brazil,
2007); NI 30, 05/08/2009 and NI 66, 16/12/2009 (Brazil, 2009a; 2009b).
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Other associations based on international regulation: Association of
American Feed Control Officials for Pet Food Regulation (AAFCO,
2005) and National Research Council (NRC, 2006).

2.2 Methods

Sample collection and preparation: sealed packs of dogs and
cats dry food were purchased randomly from supermarkets and pet
stores in North America (Canada and Mexico), South America (Brazil)
and Europe Union (Austria, Finland, France, Germany, Italy and
Switzerland). From each sample, the inner content and empty packs
were separated. For (a.1) inner content: each of them was homogenized
by quartering and separated into small portions of 60 g for analysis (CP,
fat, ash and mc); (a.2) empty packs: proceed the evaluation of
information described on labels regarding the GL and packaging
characteristics. This information was usedto compare withthe values
obtained from the laboratory analysis.

GL laboratory analysis: the NGL (CP, fat and ash) and SGL
(mc) analysis were performed in triplicate in order to investigate the real
GLs based on the AOAC official methods (2005) - arts. 990.03, 954.02,
900.02 and 930.15, for CP, fat, ash and mc, respectively.

Labels information about guaranteed levels: the dogs and cats
pet food labels information regarding the GLs for each sample pack was
collected and registered for further comparison to the laboratory data
obtained.

Pet food regulations versus labels and laboratory data: data
obtained from the GLs laboratory and labels stated of the pet food
samples were correlated to the established standards of the country
origin (Canada, 2001; Mexico, 2000, 2004, 2011; EU, 2006; 2011 and
Brazil, 2009, respectively) and checked for non-conformities (Nc¢). In
addition, to compare the dog and cats dry food GL laboratory data
obtained in this study, we utilized the recognized international
association of the AAFCO and NRC organization for nutrition quality
assurance program, based on nutritional standards and regulations
pertaining to the production, labeling and distribution of pet food.

3 Results and Discussion
The GLs laboratory data obtained from the dogs and cats dry

food samples of different countries varied slightly from those stated on
their own labels and regulatory standards. Tables 2 and 3 show the
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differences between labels and laboratory analysis data, their
comparison to countries established standards and the statistics variation
obtained between same origin samples.

GLslaboratory data versus analytical values of labels

The real inner pack needs to accomplish to the label GLs
stated. Despite that, in the Canada and EU regulation some tolerance
between GLs laboratory data and GLs labeled are allowed (Canada,
1983; EC, 2010; FEDIAF, 2011)(Table 1).

Table 1. Tolerances allowed for guaranteed levels in pet food by the Canadian
and EU regulation

Country EI(_BSLS SGL Content (%o) Tolerarzg/if llowed
CANADA

Canada CP NA <24 1% absolute

(1983) > 24 1.5% absolute

Fat NA All amounts + 0.5% absolute

EUROPEAN UNION

Europe CP/fat  NA >24 3% absolute
(2010) 16< x<24 12.5% of the
declared value
<16 2% absolute
Ash NA >24 3% absolute
8<x<24 12.5% of the
declared value
<8 1% absolute
NA mc >12.5 8% of the declared
value
5<x<12.5 1% absolute
2 <x<5 20% of the
declared value
<2 0.4% absolute

GLs: guaranteed levels; NGLs: nutritional guaranteed levels; SGL: safety
guaranteed levels; CP: crude protein; NA: not applied;  mc: moisture content
(CA, 1983; EC, 2010)

Some variations were detected for both GLs indicators
described on the labels by the laboratory analysis as follows (Table 2).
a. NGL: from the total samples data obtained on either CP, fat or ash,
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42% (22) of samples were not in accordance to the NGLs described on
each dogs and cats food label with 51 (20), 34 (13) and 15 (6)% of them
produced and commercializedin EU, South and North America,
respectively. The variations were mainly on the fat and ash levels,
followed by CP, in less extent though. The fat content was reduced from
the labels stated in 25% (13) of the samples (77 and 23% of dogs and
cats foods, respectively) being 54% (7) from EU and 46% (6) in South
and North America. Regarding ash, 19.2% (10) had Nc¢ to the label
stated, exceeding the maximum allowed for such food types (maximum
of 15.04%). On the other hand, the CPNc levels detected corresponded
to 11.5 (6) % of the dogs (3) and cats (3) food samples. They did not
correlate to those labels stated with N¢g in 67 and 33 % of dogs and cats
food, respectively. Important to emphasize that although those N¢s were
detected per individual samples, some of them were simultaneously
inadequate in 13.4% (7) of dog’s samples for two levels of NGLs (CP,
fat and/or ash). Those difference (N¢s) on the laboratory x labels
detected in the samples of the current studymay be related to either,
thelack ofquality standards settings by each country’s supervisory
bodies and/or laboratory control.
b.SGL (mc): most of the laboratory data obtained showed to be rather
similar to those stated, both on the dogs or cats labels and their
regulation established standard (Table 3). Only 11.5% (6) of the samples
did not correlate to the label mc, thus exceeding the maximum allowed
(security mc established). There is no limit of mc for pet food,
estimation between 6 and 12% can be often considered as safe (Zicker
2008; Case et al., 2011). Only two samples (EU and South America)
were detected presenting high mc (15.8 and 16.2%, respectively).
Despite this, the higher mc levels can compromise the safety and
stability of those pet food providing moisture conditions for fungi and
bacteria growth, as well as chemical deterioration.

The laboratory data obtained showed that some samples
(44%) did not match (Ncs) to the labels information, thus contradicting
the regulationsof dogs and cats dry food.
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Table 2. Guaranteed levels from laboratory data versus described on the pet food labels and their non-conformities

Laboratory data GL (%4) Facks labels GL = tolerance allowed (%45 Laboratory data x pack label I,

Pet food samples NCGLs SCGL NGLy cL NGLy SGL

5
Couniry Pet species Total CF (min) Fait{min) Ash {max) mc {max) CF (min) Fat (min) Ash {max) mc (max) CFP {min) Fat {min) Ash {(max) mc (max)

NORTH AMERICA

Canada
Dogs 3 41.60 16.53 2.00 .20 40.00-1.5 13.00=D.5 K3 10.00 [ i [ [
33.76 14.08 6.72 7.60 34.00-1.5  14.00=D.5 ] 10.00 C C C C
30.45 16.23 6.57 2.40 20.00-1.5  16.00=0.5 i 10.00 C C C C
Cats 4 36,80 18.35 211 8.60 33.00-1.5 5 280 N5 [~ Ko** [~ KA
31.45 12.45 4.75 T80 31.00-1.5 M3 12.00 C C C C
36,40 1222 6.82 2.00 34.00-1.5 ] 12.00 C i C C
41.04 20.50 218 7.40 42.00-1.5 M3 10.00 C C C C
Mexico
Dags 3 28.21 11.1% 7.33 R 27.00 11.00 K3 1200 [ [ [ [
27.68 11.61 8.05 5.80 27.00 10.00 10.00 11.00 C C C C
28.68 15.36 7.60 T.80 20.00 13.00 500 12.00 M C C C
ETUROPEAN TANTON
Aunsiria Finland France Ttely Switzerland
Dogs { 27.15 13.53 6.71 270 25.00=3 16.00=2 &.00=1 2.00=1 [ i ke K+
24,68 12.82 6.36 270 25.00=3  16.00=2 6.00=1 B.00=1 C i B+ T r+*
30.05 15.80 T.40 7.50 20.00=3 10.00=1.4 6.50=1 2.00=1 C i it C
17.33 16.17 540 15.80 170022 14.50=2 7.00=1 20.00=1.6 [ [ [
23.81 11.47 5,80 220 230020 13.00=2 T.00=1 M5 C | C KA
77 5.60 2.82 L.30 10.00=2 &0=2 2.85=1 10.00=1 M+ i C C
5.70 2.65 o.70 10.00=2 5.00=2 2.50=1 0.50=1 M+ C B+ T r+*
8.93 4.14 DUBD 12.00=2 6.50=2 6.00=1 M5 C C C KA
7.4 11.25 1000 14002 6.00=2 14.50=1.8 hi] [ [ [ A
T.56 4.07 10.30 15.00=2 8.00=2 8.00=1 M5 C K-+ C NA
Cars & 27.70 11.27 B.42 L350 20, 00=3 o.00=2 2.50=1.1 11.00=1 C C C C
27.74 072 o.00 o.50 28, 00=3 o.00=2 2.50=1.1 11.00=1 C C B+ C
32.62 12.19 6.37 2.00 32.50=3 13.00=2 8. 80=1 10.00=1 C i C C
3280 11.59 T.28 o.00 32.00=3 11.00=2 2.00=1 M5 C C C KA
2880 o008 o008 o.40 28.00=3 8,502 o012 hi] [ [ [ [
28,45 o84 £.92 250 30.00=3  10.00=2 8.00=1 M5 C K-+ C C
SOUTH AMERICA
Brazil
Dags 21 24,48 12.66 6.67 7.80 23.00 12.00 8.00 12 00 [ [ [+ [+
26.80 3.52 10.06 11.80 25.00 10.00 10.00 10.00 C C K- K e
21.35 223 876 2.80 20.00 7.00 10.00 12.00 C C C C
28,50 10,42 5.27 7.70 25.00 10.00 2.00 14.00 C C C C
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31.85 13.64 £.24 5.6 2000 13.00 B.00 12.00 c c c c

2510 1131 700 700 2100 T.00 10.00 10.00 & T T C

19.76 3 726 230 19.00 7.50 2.00 12.00 c c c c

28.51 12.24 10,61 570 27.00 7.00 10.00 10.00 c c N

2327 .62 1129 B40 12,00 50D 12.00 12.00 C C C C

20.78 1114 542 1630 3000 10.00 13.20 1200 N € c S

27.83 10.74 7.70 580 2700 000 10.00 12.00 c c c c

20.07 .07 6.74 570 19.00 5.5 0.00 22.00 c c c c

2147 £.50 10.60 .50 21.00 500 12.00 12.00 c c c c

12.71 7.81 715 030 18.00 7.50 0.00 12.00 C C C C

2422 10.42 10.35 B30 200 1300 10.00 12.00 C N* N ¢

2438 12.38 7.6 B40 2300 1200 850 10.00 c c C c

2437 12.72 523 570 200 1200 5.50 10.00 c c c c

27.30 13.52 7.00 230 2600 1400 8.50 10.00 c N c c

30.56 125 562 B.BD /00 1300 8.30 10.00 c N C c

20.36 .20 .40 7.00 20.00 7.00 10.00 12.00 c c c c

36.80 12.48 £.23 1.2 400 1200 B.00 10.00 c c N N4

Cas ; 731 10.54 JER] 710 3100 10.00 1200 1200 N € ST

30.34 0.03 830 820 30.00 200 11.00 12.00 c c C c

18.72 737 7.20 1000 10.00 6.50 12.00 1200 N C C C

2431 .52 o5l 7.00 21.00 7.00 10.00 10.00 c c c c

26.34 Blg 5.80 57O 4.0 B0D 4.00 12.00 C [ N

Avemzz | 2580 10.62 ] T PER I X EXT 1173 KA  TaA A A

Minimem  18.72 .07 527 7.00 19.00 5.50 4.00 1000 NA  NA NA NA

Maimum 36,80 13.64 15.04 1630 3100 1400 13.2 0 NA 0 NA NA NA

Standard daviation 440 1.96 221 1.85 3.75 2.40 1.6 235 NA  NA NA NA

Ralativa standard o . . N NA A NA NA
# devistion®% 017 .18 027 0.20 e13 o8 e1e o0

GL: guaranteed level; N¢: non conformity; NGLs: nutritional guaranteed levels; SGL: safety guaranteed level; CP: crude protein;
mc: moisture content; NS: not stated; C: conform; NA: not applied; * Tolerance allowed by Canadian and EU regulation
(FEDIAF, 2011; EC, 2010); ** lower than the label statement ; *** higher than the label statment
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Countries regulation for pet food GLs standards

Regarding the pet food GLs standards set by regulation of
each country, most of the GLs stated on the labels of different countries
were in conformity (C) to their own GL regulation standards (Tables 2
and 3).

a. Canada: the Advertising and Labeling of Pet Food is an accepted
standard in the Canadian pet food industry. Regarding the compulsory
GL labeling of pet foods, it states as NGL information of CP, fat, fiber
and mc (Canada, 2001). The ash statement is not required. All samples
evaluated in the current study declared, on the label, those GLs (CP and
fat, including fiber). The Canada regulations do not govern the
production of pet food at the manufacturing level, on what is contained
in them and recommendation for daily intake (RDI).

b. Mexico: the GL standards of that country for pet food are based in the
SAGARPA and SENASICA regulations (Mexico, 2000, 2004 and 2011)
and thelnternational Association and OrganizationAAFCO and NRC. It
is compulsory the declaration of CP, fat, ash, including fiber and mc
(Mexico, 2000). Just one sample did not declare ash in the label in the
current study.

c. European Union: for the EU official GL standards, it is compulsory
the declaration of CP, fat, ash, including fiber, however the indication of
mc is optional. EU samples labels were in accordance to the regulation
(EC, 2009).

d. Brazil: the pet food regulation consider as compulsory declaration of
CP, fat, ash and fiber (Brazil, 2009). The standards settings area way to
reduce the variation among manufacturers on the commercial pet
foodavailable and to get balanced diet that meets animal’s nutritional
needs. Moreover, the Code of Consumer Protection (art.31) requires that
the consumer should bein formed clearly about the features and quality
of the product (Brazil, 1990, 2009b). The current Brazilian GL label
evaluation showed that all sample packs had information of NGLs and
SGL (Brazil 2009).

Laboratory data versus GLs requirement for dogs and cats

Laboratory data should accomplish to the reference nutrient
profile standards established by the internationally recognized AAFCO
and NRC. These agencies provide a mechanism for developing and
implementing uniform and equitable laws, regulations, standards and
enforcement policies and establish nutrient recommendations for dog
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and cat foods. Table 3 shows the statistic variation observed in the
laboratory data versus the international levels of inclusion regulated by
the AAFCO e NRC.

The NGLs vary among the animal species (dogs and cats) and
life stages.The pets nutritional recommendations by those International
institutions were compared to the data obtained from the laboratory
samples evaluated.
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Table 3. Statistics variation of guaranteed levels obtained with laboratory data of dogs and cats dry foods versus minimum
recommended levels established by international standards

Pet food samples NGLs (%) SGL (%)
MNumber of  Crude Protein Is Fat Is Ash I5* me 5%+
SPECIES age MPSIONAVIIA 5Ty Range AAFCCNR(V SD Range AAFC(NR(AveragSD " 2" AAFCINR(verage SD Range ““0C NRC
NORTHAMERICA
Dogs Adul 5173 53107684160 1416 2311119-163 737 062 65780 NE NE 778 106500811 NE NE
t 6/10 18077 250 5.
0
Cats Adul 3660 4283146419 - 1588 4181222205 721 189 47591 NE NE 797 049740- NE NE
4110 5260710 390 >8. 8.60
’ 0
EUROPEANUNION
Dogs 210 935 003 934977 5y 365 0073637 >80 515, 275 012 265 NE NE 950 028930 NE NE
Pupp >220 "D' 282 8.70
v
Adul 810 2066 6561231 >20. 1144 379 63-16.17>5.0 >50 653 227 407-112 NE NE 996 252750 NE NE
3005 180, 15.80
Cats Adul 6/6 2084 234277-3280  >17. 1073 108 9.64-1219590 >80 784 114637908 NE NE 911 057800- NE NE
t 26075 9.50
SOUTH AMERICA
Dogs 7550 1962785328 1205 1151074136580 513, 771 196 563- NE NE 1024 333 860 NE NE
Pupp  5/21 s220721 10.61 162
.
Adu oo 2431443 1976- o 520, 1071 2007.07-13.5255.0 >50 802 183 588- NE NE 892 133700- NE NE
t 2 3689 180 11.29 11.09
Cats Adul . 2540432 1872 _ . >I7. 893 122737-1054>90 >80 017 355 580 NE NE 838 107 7100 NE NE
t 33 3034 2005 15.04 10.0

NLs: nutritional guarantee levels; SGL: safety guarantee levels; IS: international standard; mc: moisture content; SD :standard
deviation; AAFCO: Association of American Feed Control Officials; NRC:National Research Council; NE: not established;
there is no limit of inclusion established (estimative of 5.0 to 8.0%); there is no limit established (estimative of 6.0 to 12.0%)
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a. CP (a.l) for dogs:the AAFCO’s Nutrient Profilesfor dogs (2008)
recommends that for adult maintenance should contain at least of 18%.
Similarly, the NRC recommends a minimum CP requirement of 20% for
adult maintenance dog (Schaeffer et al., 1989; NRC, 2006).The CP
requirement of growing puppies needs to be significantly higher than for
adult dogs, where minimum protein requirements should be up to 22 %
for growing dogs (Gessert and Phillips, 1956). The AAFCO and NRC
recommend minimum levels of 22 and 21% for puppies, respectively
(NRC, 2006; AAFCO, 2008). In the current data obtained, the minimum
CP requirement for adults was respected in all samples of South and
North America, with averages 24.31 and 31.73%, respectively. Only
four samples of EU did not meetthe minimum CP requirement for adult
dogs (N¢: 17.33, 12.31, 14.41 and 15.58 %). For puppies, 100% of EU
samples were N¢ with the minimum protein requirement (9.34 and
9.77%) while samples from South Americawere conform to the
recommendations (range of 27.83 to 32.85%).(a.2) for cats: the cats’
nutrient requirement regarding protein is substantially higher than dog
(Dickinson and Scott, 1956). The AAFCO (2008) for cat foods suggest a
higher level of CP for inclusion in commercially prepared foods. For
adult maintenance, level of 26% of the diet is indicated, whereas the
NRC minimum requirement is 17.5%. All samples (100%) were
conforming to recommendation.

b. Fat (b.1) for dogs: The AAFCO (2008) recommendation is a fat
minimum of 5 % for adult maintenance and 8 % for growth. For NRC
(2006), most dry dog foods that are in the market for adult maintenance
and puppies contain between 5 and 13% of fat content, respectively. The
minimum requirement for adults was followed by all samples analyzed,
ranging between 6.3 to 16.53% with average of 10.71, 11.44 and
14.16% in South America, EU and North America, respectively. In
100% of the EU puppy samples, the addition of 5.6 and 5.7% of fat was
in Nc with recommended requirement, whereas the South America
samples were conforms to requirement for this life stage. The 1.5 %
difference in fat content can make a significant difference in a product’s
caloric density and palatability (Case et al. 2011). Puppies that are not
fed adequate amounts of fat can have developmental problems and
growth deformities. (b.2) for cats: in general, cat foods contain slightly
higher amounts of dietary fat than do most dog foods. The current
AAFCO (2008) minimum fat recommendation for cats during all life
stages is 9%. For NRC (2006), dry maintenance cat foods contain
between 8 and 13% fat. Regarding the data obtained, the average of
different countries was in conformity of minimum requirement and just
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two samples of North America was N¢, with amounts of 18.35 and
20.5%, values above the NRC recommended. The consumption of
dietary fat in excess in commercial dry food can lead to increased body
fat and obesity (Case et al. 2011).

c. Ash: there is no limit of inclusion established in regulation of pet
foods either for dogs and cats. An estimate of ash in high-quality dry pet
foodgenerally is between 5 and 8% (Case et al., 2011). In the results
obtained, they ranged from 2.65 to 15.04% for dog puppy and cat adult,
respectively. Two samples of adult dog from EU (4.14 and 4.07%) and
one sample of adult cat from North America had less ash (4.75%) than
the estimative of inclusion recommended. The excess of ash was
observed in 12 samples of dog and cats food (1, 3 and 8 samples of
North America, EU and South America, respectively), with amounts
ranging between 9.08 to 15.04%.

Nutritional diseases are rarely seen in dogs and cats when they
are fed good quality commercial food or nutritionally balanced diets.
For regulation, manufacturers of pet food have rules and self-control
programs to ensure safe and healthy food production. If certain nutrient
levels are outside the values stated in this guide, manufacturers should
be able to prove that the product provides adequate and safe intakes of
all required nutrients (FEDIAF, 2011).

4 Conclusion

Data of this study showed that the nutritional guaranteed
levels labeled in dog and cat food available in the international market
followed the standards of each country’s legislation and the
recommendation requirements established by the recognized
institutions, AAFCO and NRC, ensuring the pet’s health. Dogs and cats
owners have the right to know the food products quality veracity they
are buying. Data obtained should be considered as an indication of the
products quality evaluated for further pet food investigations by
authorities monitoring.
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Abstract

Dogs and cats dry foods were tested to microbiology quality and safety
indicators. Data from bacteria, as manipulation hygiene indicators,
mesophilic and coliforms total count ranged from <1.0x10* to 2.4 x10
and <1.0x10' to 4.0 x10' CFU/g, respectively.Related to safety
indicators, the E.coli and Salmonella were absence in 100% of samples.
The sulfite-reducing Clostridium levels ranged from 1.0x10" to 1.5x10"
CFU/g. For fungi tests, the total count ranged from <1.0x10? to 1.9x10°
CFU/g. The most often genera isolated was Aspergillus spp. (40%)
followed by Penicillium spp. (35%). Regarding their species, the most
isolated were: A. parasiticus (42%), P. expansum (28.6%), followed by
A. niger / A. penicillioides (12%) and P. ochraceus (4.2%).No Fusarium
was isolated. The extruded dry food samples showed low and safe levels
of moisture content and water activity, which guarantee the control of
microbial growth.

Key-words: pet food, microbiology, safety, fungi, bacteria

1 Introduction

More than 90% of dogs and cats worldwide are fed daily with
processed food (Michel et al., 2008; de Souza Koerich and Scussel,
2012). Therefore, their quality and safetyare of primary interest by the
manufacturers and pet owners, whereas they are highly susceptible to
microbiological development ((Zicker, 2008, Li et al., 2012; de Souza
and Scussel, 2013). The bacteria and fungi contaminationcan comefrom
animal (meat, viscera and bones) and vegetable (grains and cereals) raw
materials and by-products of bad quality utilized in the pet food
production. Also they may come from theirstorage under inadequate
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conditions (high temperature and humidity) as well as by lack of
hygiene during handling and packaging of final products (Andrade and
Nascimento, 2005). Thus, microbiological contamination can be an
indicator of inadequate sanitary conditions during the whole processing,
storage and/or commercialization (Franco, 2005).

The presence of bacteria in food can be responsible for
deterioration (spoilage), reduction of shelf life and/or be of potential
risks to consumer health (pathogenic and toxigenic bacteria). As
spoilage bacteria can be mentioned the mesophilics and coliforms,
considered good indicators of food quality. These enumerations are used
to assess the hygienic conditions of the product. When in high count,
they indicated contamination resulting from failure during processing,
improper cleaning or inadequate heat treatment. Regarding pathogenic
and toxigenic bacteria, they can cause food borne diseases in animal and
humans (Miotto et al., 2010; de Souza Koerich and Scussel, 2012).
Among them, it must be mentioned the Escherichia coli and Salmonella
spp, considered indicators of food safety. This bacterium is found in
intestinal tract of animals and humans and causes enteritis which can
lead to the development of a serious pathologic process (Vieira, 2010).
The sulfite-reducing Clostridium can be considered as pathogenic
indicators in food and indicates the potential presence of Clostridium
perfringens and C. botulinum (two species able to cause food borne
diseases).

Regarding fungi and their association to pet food, tests are
important in order to assess deterioration levels of final product and
possible risk of mycotoxin contamination. Dogs and cats food are
prepared with vegetables (mainly maize and rice, - about 70 to 80 % of
total dry pet food) which can carry both fungi spores (heating resistant)
and toxins. After processing, food can also be re-contaminated with
fungi spores, especially when final product is pelleted and sold in open
bags (Suérez, 1999; de Souza Koerich et al., 2013). The fungi genera
most commonly found in stored products are Aspergillus and
Penicillium, while Fusarium is the main found in the ingredients coming
from the field. The Aspergillus species (A. flavus, A. parasiticus,
A. nomius, A. fumigatus, A. versicolor and A. ochraceus) are toxigenic
and most detected in pet food (Scudamore et al., 1997; Bueno et al.,
2004; Scussel et al., 2010). Also several Penicillium species are
commonly involved in food spoilage, and some of them can produce
more than 10 different toxic metabolites (cyclopiazonic acid, patulin,
citrinin, penicillic acid, ochratoxin A) (Frisvad and Filtenborg, 1989;
Martins et al., 2003). Although many Fusarium species exist in nature,
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only a small number infect cereal crops in the field and produce
mycotoxins (fumonisins, zearalenone and trichothecenes) (Marasas,
2001; Pitt and Hocking, 2009).

There are several ways that microorganisms can reach and
affect the pet food quality. However, the microbial diversity to be found
in different pet foods is dependent on the moisture content (mc), water
activity (ay), oxygen tension, pH and the nutrient composition of the raw
material included; and so the process applied and final product handling
(Maciorowski et al., 2007). Dry pet foods are typically extruded, thus
with final low mc and a,, varying between 6 to 12% and 0.60 to 0.85,
respectively. That process is ought to eliminate microbial contamination
and reduce humidity to an extent to prevent microbiological
recontamination and increase shelf life. In that type of food, the
contamination of the final product is possible though, as long as
conditions allow, and it may occur from cross-contamination or
recontamination from environmental niches. Depending on the
ingredients composition, pet food quality controltests such as nutrient
content, mc, a,,, mycotoxins and bacteria, should be prioritized, as they
can pose risks to animal health (Carciofi, 2008; de Souza and Scussel,
2012).

Considering the increasing population of dogs and cats
worldwide and the lack of information regarding quality and safety of
pet food supplied topet animals, this work reports a study of dogs and
cats food - focusing on providing data on the quality and safety
indicators (bacteria and fungi contamination) - and their relation the
final product humidity factors for microorganisms growth.

2 Materials and methods
2.1 Materials

a) Samples: dry foods (60) for dogs (40) and cats (20), adults (48) and
puppies (12), from several brands, in their original sealed packs (sizes:
0.5 to 2 kg), with 10 samples stored in vacuum conditions. They were
commercialized in three continents: North America (Canada and
Mexico), European Union (countries-EU: Austria, Finland, France,
Germany, Italy and Switzerland) and South America (Argentine, Brazil,
Chile and Uruguay).

b) Culture medium: bacteriological peptone, dichloran rose bengal
chlortetracycline agar (DRBC), dichloran glycerol agar (DG18),malt
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extract agar (MEA), plate count agar (PCA) trypto sesulfite cycloserine
agar (TSC), brilliant greenphenol red lactose sucrose (BPLS)
(HIMEDIA, Mumbai, India), broth Rappaport Vassiliadis (Difco, New
Jersey, USA) and filtration plate Petrifilm™ (3M, Minnesota, USA).

¢) Equipments: drying oven (Fanem, Sao Paulo, Brazil), a, reader
(Aqualab, Sao Paulo, Brazil), laminar flow cabinet (Veco, Campinas,
Sao Paulo, Brazil), light microscope (Olympus, Tokyo, Japan),
stereoscopic microscope (Carl Zeiss, Jena, Germany), incubator
(Quimis, Sao Paulo, Brazil), analytical and semi-analytical scales
(Shimadzu, Kioto, Japan), colonies counter (Phoenix, Sao Paulo,
Brazil), stomacher (Interscience, St. Nom, France) and water bath
(Cientec, Sao Paulo, Brazil).

d) Pet food regulations:(d.1) Canada and Mexico: there is no
government regulation for pet food microbiologic standards;
(d.2) European Union: European Commission (EC) Regulation
no.1774, 03/10/2002 (EC, 2002); EC No.183, 12/01/2005 on Feed
Hygiene sets out the operating standards with which pet food
establishments must comply (EC, 2005) and EC No. 767, 13/07/2009
(EC, 2009); (d.3)Brazil: Ministry ofAgriculture, Livestock and Supply —
MAPA, norms and standards of nutrition and feed (Brazil, 2000);
Decree n. 6296, 11/12/2007 (Brazil, 2007); NI no.30, 05/08/2009
(Brazil, 2009). Other member based on international regulation:
National Research Council (NRC, 2006), European Pet Food Industry
Federation, 03/2010 (FEDIAF, 2010) and National Association of
Manufacturers of Products for Pets (ABINPET, 2008). Important to
emphasize that in those countries, the pet food manufacturer is
responsible to validate, verify and review periodically its own pre
requisite program and Hazard Analysis and Critical Control Points
system (HACCP).

2.2 Methods

a) Sample collection and preparation: the sealed packs of dogs and cats
dry food were purchased randomly from supermarkets and pet stores in
each surveyed country. They were homogenized by versed and reversed
shaking and opened aseptically. Each content was purred into sterilized
blender jars, then ground and divided into portions of 25, 25, 6 and 10 g
for microbiological analysis (bacteriological and fungi tests) and
humidity conditions (mc and a,, - n=3), respectively. The bacteria and
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fungi tests were performed from an initial solution prepared with 25 g
each sample and 225 mL peptone water. A series of dilutions (10, 10,
10%and 10*) were performed from it, followed by stomacher
homogenization.

b) Bacteriological tests: the tests performed were (b.1) aerobic
mesophilic total count — MTC (APHA, 2001): from the homogenized
solutions (Section 2.2.a)(dilutions from 10™t010, 1 mL)of each dilution
was plated on sterile Petri dish and added the PCA media, (20mL) at a
temperature of 46£2°C.The agar and the inoculums were homogenized,
solidified and incubated at 36+1°Cduring 48 h. The results were
expressed incolony-forming unit (CFU)/g; (b.2) coliforms total count
(CTC) and EC (AOAC, 2005):by method 991.14 based on the
Petrifilm™ technique, which 1 mL of sample was placed onto the center
of Petrifilm plate and applied pressure on spreader to distribute over
circular area. For CTC, the plate was incubated at 35 + 1°C during 24 £
2h and for EC the plate was incubated at 35 +1°C during 48 £ 2 h. The
results were expressed in CFU/g; (b.3) SRC (APHA, 2001): from the
homogenized solution (10™ to 10™, 1 mL) of each dilution was plated on
sterile Petri dish (as in Section 2.2.b) and added the TSC media, (15mL)
at 46 + 2°C. The agar and the inoculums were homogenized, solidified
and incubatedin anaerobic conditions at 36+1°Cduring 18 at 24 h. The
results were expressed in CFU/g and (b.4) Salmonella spp. (APHA,
2001): samples were submitted to a pre-enrichment step with peptone
water (0.1%) and incubated at 36 + 1°C for 16 hours. Subsequently,
aliquots of 0.1mL were pipetted to tube containing Rappaport
Vassiliadis broth (10mL) and incubated in a water bath at 41+0.5°C for
24h. From the selective enrichment broths, samples were sub-cultured in
selective medium BPLS and incubated at 36x£1°C (18 h) and confirmed
by biochemical tests. The results expressed as presence or absence/25g.

¢) Mycological tests: (c.1) fungi total count — FTC (APHA, 2001) - each
sample peptone water dilution was spread (n=2) onto the surface of
DRBC media, incubated at 25+1°C, for 5 days, colonies count and
expressed as CFU/g; (c.2) fungi genera identification - for
the morphological characterization the strains were isolated by sub-
culture on Petri-dishes containing MEA and DG18 media and observed
under light microscope (Samson et al., 2004; Pitt and Hocking, 2009).
(b.3) fungi species identification— it was performed through
microcultive in MEA as described by Weber and Pitt (2000), followed
the Samson et al. (2004) and Pitt and Hocking (2009) keys. The species
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micro morphological observation was carried out with the isolates being
examined also under light microscope (100 and 400x magnification)
checking for species characteristics according to the taxonomic keys and
guides available (Nelson et al., 1983; Pitt and Hocking, 1997; Samson et
al., 2006; Pitt and Hocking, 2009).

d) Moisture conditions: (d.1) mc - was determined bygravimetric
method art. 930.15 of AOAC (2005) and (d.2) a, - by measuring
samples in a,, meter at 25°C (n=3).

3 Results and Discussion

The quality and safety indicators data of the dogs and cats
complete dry food (for adults and puppies) showed that both, bacteria
and fungi load varied among them. Also the humidity conditions
showed that they were enough to allow mainly fungi growth (spoilage or
toxigenic species). Data on bacteria, fungi and their growth conditions
are described in Tables 1 and 2, respectively.

3.1 Bacteria - hygiene and safety indicators

Bacteria are important indicators of the degree of hygiene
conditions adopted during pet foods production and their ingredients
guality selection. However, the main variations are results of
contamination that may occur during the final stages of processing,
packaging and distribution. The bacteria load in pet food can be related
to (a) quality/deterioration and hygiene: their proliferation can modify
the sensory properties or (b) safety: cause damage to pets’ health
(pathogenic and toxigenic bacteria).

(a) Related to pet food quality (mesophilic and coliforms total count):
the hygienic quality of pet food is evaluated by bacteria’s indicator tests,
especially the MTC, CTC and the detection of EC, utilized are as an
index of sanitation. These bacteria are associated to lack of general
hygiene in the handling and storage of products, being favored by the
product exposure to micro and macro environmental moisture conditions
(Jay, 2005).

The MTC has been one of the microbiological quality foods
indicators most commonly used. It indicates whether the cleaning,
disinfection and temperature control during the processes, apart from the
transportation and storage were performed correctly/adequately. It also



131

indicates information regarding the most probable product shelf life time
(Jay, 2005). Analyzing the data obtainedin the 60 dry dogs and cats’
food samples, the MTC showed levels ranging from <1.0x10' to 2.4
x10? CFU/g, among them, 43 (72%) samples were below 1.0x10"
CFU/g. As far as the different animal species and country of origin,
MTC, for dogs’ food the highest total count was observed in the North
American samples with mean of 6.1x10" CFU/g (ranging from <1.0x10*
to 2.4x10° - SD 91.52; RSD% 148.42), followed by South America with
2.7x10* CFU/g (ranging from <1.0x10" to 2.2x10° - SD 42.86; RSD%
158.74) and European Union with 1.1x10' CFU/g (ranging from
<1.0x10' to 2.0x10" - SD 3.16; RSD% 28.72). On the other hand,
regarding cat’ food, the highest MTC was observed in the European
samples with mean 4.8x10'CFU/g (ranging from <1.0x10" to 2.3x10%),
followed by a slight difference of MTC in the South and North America
samples (mean 1.3x10" and 1.2x10'CFU/g, respectively). The highest
MTC of 2.4 x10? CFU/g was observed in a dog food sample for puppy
(more prone to bacterial infections) from North America which was
packaged in a polyethylene bag (just one material layer).

Miotto et al. (2010) investigating dog’s food samples
commercialized in open bags, reported MTC: ranging from 1.8x10? to >
1.0x10° CFU/g (mean of 1.7x10* CFU/g). As expected, those data were
higher than the obtained in the current study — which samples were sold
in sealed packages. Important to emphasize that pet food sold in open
bags is more exposed to biologic contaminants (bacteria), inclusive
fungi, if compared to pet food commercialized in sealed packs (Suérez,
1999; de Souza Koerich et al., 2013). The data obtained in the current
study showed that the MTC detected in all pet foods samples evaluated
were at adequate levels (<10° CFU/g), thus representing low risk to
animal health. That low count confirmed the adoption of safety
manipulation conditions during the final steps of the pet food
production, probably due to good manufacturing practices (GMP)
application and implementation.

Regarding CTC data, also all samples showed low levels of
coliforms contamination: fordogs food - data was higher in the North
American samples though (mean 2.0x10' CFU/g; ranging from
<1.0x10" to 4.2x10" CFU/g; SD 12.65; RSD% 63.21), followed by the
South American and European’s with similar level of contamination
(1.2x10" CFU/g; ranged from <1.0x10" to 2.0x10" CFU/g). Regarding
cat food, the highest count was also observed in North American
samples (mean 1.5x10'CFU/g; ranging from <1.0x10' to 2.0x10"
CFU/g; SD 5.77; RSD% 38.46), followed by a slight difference in the
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South American (mean 1.3x10'CFU/g; ranging from <1.0x10' to
2.0x10' CFU/g; SD 4.88; RSD% 37.54) and European’s (mean
1.1x10'CFU/g; ranging from <1.0x10' to 1.5x10" CFU/g; SD 2.04;
RSD% 18.21). The coliforms presence in processed foods is considered
a useful indication of bacterial contamination post process/post
sanitization (da Silva, 1997; Forsythe, 2002).

Regarding the data obtained and the reference standards
recommended (NRC, 2006; ABINPET, 2008), all different countries
samples, despite of animal life stages, were in accordance to MTC and
CTC - considered adequate levels for pet food. Those low counts can be
explained by the high temperatures (120°C) applied during the extrusion
process of pet food and also the safe low mc and a, of final product
(Table 1). Reduction of a,, at levels below 0.65, the microbiological
deterioration is controlled (Abellana et al. 1999; Bueno et al., 2001;
Scussel, 2002).

(b) Related to pet food safety (E. coli, Salmonella and sulphite-
reducing clostridium count): the presence of ECand Salmonella in food
can be considered as indicator of hygiene, but they can be also classified
as pathogenic bacteria. In the current evaluation, the EC was absent in
100% of the dogs and cats food samples surveyed. In a study by Weese
et al. (2005) on dogs and cats commercial raw diets bacteriological load,
the EC was identified in 15/25 (64%) of those diets. Different of that
study (utilizing raw food), dry complete dogs and cat’s food (processed
food) is submitted to an extrusion process, which raises the temperature
above 100°C, which should eliminate viable microorganisms. The EC
constitutes a serious public health problem since their spores are
resistant to heat and live long in the soil and surfaces. The intense
manipulations without precaution and the poor packaging are major
factors in the contamination. The ECis commonly found in the
intestinal tract of animals and humans and can also be implicated in
animal infectious diseases (Threlfall et al., 1998). That bacteria can
invade the intestinal mucosa, produce an enterotoxin, and/or also an
exotoxin that directly destroy the mucosa and causes diarrhea. Once
ingested in large quantities spores hatch causing necrotizing diarrhea,
pseudo membranous colitis, which is often fatal for animals and humans
(Lindstrom et al., 2006). The presence of EC and Salmonella results on
food unacceptability to animal consumption.

As far as Salmonella is concerned, it was absent in 100% of
the dog and cat food despite of life stage and country of origin. Several
ingredients utilized in pet food (e.g. animal and vegetal by-products)
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have been reported to contain salmonellae. In a work carried out by Li et
al. (2012) in raw material used in pet food and feed, Salmonella was
isolated in 41.3 and 10.6% of animal and plant origin ingredients,
respectively. Comparing those data with earlier ones obtained (from
2002 to 2006), authors observed that the Salmonella prevalence reduced
(30.9 to 19.4%), mainly as a result of the reduction in animal -origin
ingredients, and consequently, in the final pet foods products (10.6 to
6.1%). The extrusion process can eliminate bacteria, however if the
processing plant is contaminated (machine, utensils, floor, walls), the
final product can be re-exposed. Contamination of the final product can
occur from cross-contamination or recontamination from those
environmental niches. Therefore, Salmonella can be spread directly to
humans by handling contaminated pet foods and/or pet treats. The
association between human outbreaks of salmonellosis and contact with
pet foods Salmonella-contaminated and pet treats has been well
discussed (Li et al., 2012) and need more data.

Regarding the SRC, which was evaluated in this study due to
thefact that some samples (10) were packaged under vacuum (oxygen
absence conditions), that may predispose contamination by anaerobic
bacteria. The SRC levels ranged from 1.0 to 1.5x10" CFU/g and were
present in all food samples, independent of samples type (vacuum,
species or origin). These bacteria are able to form spores, which are
resistant to heating process conditions and so during storage, provided
that other intrinsic conditions that allow these spores germination to
occur and vegetative multiplication of cells take place (with toxin
production).

3.2 Fungi - hygiene and safety indicators

The contamination of pet food with fungi, depending on the
genera and species, can represent serious risks to dogs and cats health.
The FTC and fungi species identified by microcultive technique are
described in Table 2.

(@) Fungi load and its characteristics: the main microorganism
contamination observed in the current dogs and cat’s dry food analyzed
was fungi. That was probably due to the fact that cereals in pet food are
good substrate for fungi growth and represent around 80% of the total
carbohydrates included in dry that type of food (de Souza Koerich and
Scussel, 2013). All samples showed some levels of contamination,
ranging from <1.0x10? to 1.9x10°CFU/g. In general, the dog food
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samples had higher FTC (2.4x10% ranging from <1.0x10? to 1.9x10°
CFU/g) than cat’s (1.1x10%; ranging from <1.0x10° to 2.0x10> CFU/g).
The FTC in the dogs’ food varied among the different countries samples,
with the highest count in the South America’s samples (mean
2.8x10° CFU/g; min. <1.0x10% max. 1.9x10%), followed by Europe
(2.2x10* CFU/g; min. <1.0x10% max. 1.3x10% and North America
(1.2x10* CFU/g; min. <1.0x10%, max. 2.0x10%). Regarding the cats’
food, the higher FTC was observed in the North America samples (mean
1.25x10° CFU/g; min. <1.0x10% max. 2.0x10%), followed by the same
FTC mean in both samples of Europe and South America (mean
1.0x10°CFU/g).The highest fungi load (1.9x10° UFC/g) was observed in
a dog food sample for adult from South America, conditioned in
polyethylene sealed pack, however with oxygen. Even packed in
suitable conditions to ensure the microbiological safety of the product,
its detection indicates that fungal spores were present in these samples
and that, when exposed to high humidity and temperature conditions,
have developed. Special attention should be given to the type of material
used in these packages (low oxygen permeability). Another point that
should also be discussed is the exposure of the product at the final stage
of exposure (point of sale). The practice of piercing the packaging for
best available sales area compromises the safety and product quality,
favoring bacterial and/or fungal contamination. In a study carried out by
Miotto et al. (2010) with samples of dog’s food commercialized in open
bags in Southern Brazil, the FTC ranged from 1.0x10" to 5.8x10° CFU/g
with mean of 5.8x10° CFU/g. This data confirmed that pet food sold in
open bags can be re-contaminated with fungi spores, especially when
food is pelleted and sold in bags widely open. In addition, these
conditions also increase the humidity levels (mc and a,,) of final product
leading to spore growth / germination (Suarez, 1999; de Souza Koerich
etal., 2013).

The FTC low levels in the positive samples of the current
study, were probably due to the reduced a,, and mc that the dogs and
cats extruded foods reached. They pass through the extrusion process
which reduces the mc from 25% (before drying) to a final mc of 9%
(8to 10%) in the product and indirectly reduce the viable spores of
fungi and bacteria to germinate. Fungi are microorganisms more
resistant to environmental stress conditions, such as low levels of a,, and
mc if compared to bacteria. In general, fungal growth occurs in a,
varying from 0.68 to 0.89 (Jouany, 2007; Pitt and Hocking, 2009), thus
lower than bacterias’. This information coincides with earlier studies
that reported a significant decrease of fungi counts when the food
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pelleting processwas performed (Dalcero et al., 2002; Martins et al.,
2003) where all positive samples exhibited low levels of contamination
(1x10" to 1x10° CFU/g).

(b) Related to pet food quality - spoilage fungi: the damage caused by
spoilage fungi is related to nutritional losses of raw materials and final
product. In general, it has been shown that fungal propagules are an
indicator of hygienic sanitary condition of commercial pet foods.
Among fungal spoilage, species of Aspergillus, the A. wentii and
A. penicillioides were isolated in 25 and 12.5% samples survived,
respectively. Indeed, these species have been isolated from a wide
variety of food, including flour, dried fish, rice, maize and cereals
(wheat, barley), generally utilized as ingredients in pet food. These fungi
have not been reported to produce mycotoxins.

Regarding the Penicillium spoilage fungi, the species
P. implicatum was isolated in 28.6% of pet food samples, followed by
P. restrictum (24%). The P. implicatum is one of the most xerophilic
fungi, being able to germinate at a,, of 0.78 (Pitt and Hocking, 2009),
whereas the other species (P. restrictum) grow at a, of 0.82-0.83,
condition observed in this study. They have been isolated mainly from
cereals (maize, rice, wheat, barley) and their flour (Aziz et al., 2006).
The P. rugulosum and P. nalgiovense, were isolated in 9.5% of samples.
P. rugulosum has been reported quite frequently from dried and
processed meat, cereals (rice, maize, barley, wheat), pulses (soybeans,
peanut) (Pitt and Hocking, 2009; Aziz et al., 2006). These species do not
produce mycotoxins, neither they are pathogenic to animals; however
their proliferation increases temperature and moisture in the product
(thus allowing conditions for toxigenic ones to grow) which is not
welcome.

In addition, for the species Cladosporium, the
C. cladosporioides was isolated in 12% of samples.That field
fungusinvades grains during ripening and the damages that are caused
prior harvest; it does not develop during storage, except occasionally in
stored high moisture conditions cereals. (Lazzari, 1997).In less
frequency, other fungal species were isolated such as: A.candidus
(4.2%), Syncephalastrum racemosum (8%), Paecilomyces variotii
(3.4%) and Trichoderma harzianum / Eurotium rubrum / Mucor
hiemalis/ Verticillium lecanii (1.7%).The Eurotium genus requires lower
ay (0.70) to growth, which may initiate food deterioration with reduced
a, as that obtained in the extruded dry complete ones.



136

(c) Related to pet food safety - toxigenic fungi: the most often fungi
genera isolated from the dry dogs and cats food in the current study
were the storage ones: Aspergillus spp. (40%) and Penicillium spp.
(35%), which are considered the most important storage fungi toxins
producers. Those fungi are xerophilics, grow in conditions of low ay,
(0.68 to 0.80), as those found in extruded pet food - food classified as of
intermediate moisture (a,, from 0.60 to 0.89). On the other hand, the
field fungi species isolated were C. cladosporioides in 11.7% (7/60) of
samples, T. harzianum and Verticillium lecanii (in just one sample of
Europe and South America each, respectively). Important to emphasize
that no Fusarium genera was detected thus no harm of field toxins,
fortunately.

Martins et al. (2003) evaluating fungi contaminationin
samples (60) of dry food for pets (dogs, cats and birds) of different
brands collected from pet shops, the Aspergillus spp. was identified in
58.3% of samples, followed byPenicillium spp. and Mucorracemosous,
which occurred in 38.3%. Campos et al.(2008), during a study carried
outto isolate and identify the fungal microbiotainraw anddry pet foods,
observed thatAspergilluswas thepredominant genera(65-89%), followed
byPenicilliumandFusarium. On the other hand, Bueno et al.(2001)
isolated Aspergillus, Rhizophus and Mucor in 62,48 and 38%,
respectively)in samples of pet food (21). Scudamore et al. (1997) also
isolated Penicillium spp. and Eurotium spp. in pets’food. Regarding
fungi contamination in feeds (farm animals: cattle, pigs and poultry),
Abarca et al. (1994) identified Penicillium, Aspergillus and Fusarium
genera in mixed feed. Dalcero et al. (1998), got also similar results in
only poultry feed, though.

Among the toxigenic genera of Aspergillus, the species
A. parasiticus (aflatoxin-producing fungus) was isolated in 42% of the
current pet food samples, being more often observed in samples of
South America (80% of fungi isolated). A. parasiticus is a tropical and
subtropical species, less prevalent in warm temperate zones and rare in
the cool temperate regions of the world (Pitt and Hocking, 2009).
Regarding prevalence of A. niger, it was detected in 12.5% of samples.
The A. ochraceus, which is a storage fungus, was isolated in 4.2% of the
European samples. These fungi species, even as A.niger (isolated
in12.5% of samples), are important ochratoxins producers in warmer
and tropical parts of the world. Ochratoxin A (OTA) can occur naturally
in cereal and cereal-based foods and is a potent nephrotoxic and
nephrocarcinogenic mycotoxin. This fungus grows in a, of 0.77 and
0.83, condition that can be observed in pet food (Dalcero et al., 2002;
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Pitt and Hocking, 2009).

Regarding the genera Penicillium, the species P. expansum
(patulin, citrinin-producing fungus) was isolated in 28.6% of pet food
samples, in which grow at 0.82-0.83 a,, - condition observed in this
study. They have been isolated mainly from cereals (maize, rice, wheat,
barley) and their flour (Aziz et al., 2006). Patulin is reported to affect
renal cells (Heussner et al., 2006), causing damaged to the DNA of
mammalian cells and also oxidative stress response in those cells, which
can lead to changes during transformation and differentiation (Liu et al.,
2007) and citrinin is nephrotoxic (Scussel, 2002).

Important to emphasize that the presence of toxigenic fungi
does not indicate mycotoxin production. In contrary, toxins may persist
long after vegetative growth has occurred even after fungi death.
However, the presence of certain fungi implicates a potential risk for
animal health if under adequate/optimum growth conditions (Bueno et
al., 2001).

3.3 Moisture conditions and risks to food quality and safety alterations

Considering the characteristics of pet food composition, some
ingredients are quite prone to absorb humidity (grain/dry fruits) in high
relative humidity conditions which allow bacteria and fungi to grow. In
the current study, the dogs and cats food mc ranged from 7.02 to 16.28%
and a, of 0.485 to 0.893. The mc and a, had the similar profile in
samples from different countries surveyed, showing safer humidity
levels in the North, South America’s and Europe ones.

(a) mc: the dogs and cats’ food mc levels showed to be low, with a
mean of 8.89% (min 7.02; max. 16.28%) and 8.65% (min. 7.10; max.
11.9%), respectively. The mc levels of dogs’ food showed little variation
between Europe (mean 9.80%; min. 7.56; max.15.87%) and South
American samples (mean 9.05%, min. 7.02; max. 16.28%). The North
America samples had lower mc levels than the other countries in study,
with mean of 7.83% (min. 7.65; max. 9.08%). Thehigh mc (>12%)
observedin two adult dog food samples of South America and Europe
(16.28 and 15.87%, respectively) packaged in polyethylene pack sealed
can compromise the safety and stability of those pet food providing
moisture conditions for fungi and bacteria growth. Regarding cats’ food,
the mc level had the same profile as dogs’. The mean of mc in the
European samples was 9.12% (min. 9.01; max. 9.52%), followed by
South America (mean 8.82%, min. 7.10; max. 11.9%) and North
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America samples, with a slightly lower mc (mean 8.03; min. 7.42; max.
8.65%). The mc lower than < 12% (observed in all samples of cat food)
is considered safe to control biological contaminants development such
as insects, mites, bacteria and fungi (Crane et al., 2000; Scussel, 2002),
however, xerophilic fungi (Aspegillus and Penicillium) may be tolerant
and remain viable for long periods of time, and when under adequate
temperature and mc conditions for growth, they develop.

(b) a,: dry complete pet food is considered intermediate moisture foods
(aw:0.60 and 0.89). The values obtained in the study ranged from 0.48 to
0.89 (mean 0.63) and 0.54 to 0.73 (mean of 0.64) for dogs and cats food,
respectively. The dogs’ food varied slightly between European (mean
0.69; min. 0.58; max. 0.89), South America (mean 0.61, min. 0.48; max.
0.82) and North America samples (mean 0.58; min. 0.56; max. 0.60).
The highest a,was observedin a sample for adult dog from Europe,
packaged in polyethylene pack and well sealed. Regarding cats’ food,
the mean a, of Europe samples was 0.70 (min. 0.68; max. 0.73),
followed by South America with 0.65 (min. 0.60; max. 0.69) and North
America samples with 0.57 (min. 0.54; max. 0.59). One of the major
controlling factors for the microorganisms development such a pet food
is the reduction of ay, since bacteriological deterioration is rare at levels
below 0.65 (Abellana et al. 1999, Scussel, 2002).Whereas, fungi ismore
tolerant to low a, than bacteria, most xerophilics fungi of genera
Aspergillus and Penicillium (main genera isolated in the current study)
may grow in an a,, of 0.68 to 0.85 food and may cause spoilage (Jouany,
2007; Pitt and Hocking, 2009). The reduction of a,,, during and after the
extrusion process, is achieved by the addition of anti-humectants, some
of which have antimicrobial activity (e.g. propane, butane, sorbitol),
maintaining food security in relation to microbial contamination.

4 Conclusion

The evaluation of pet food quality and safety is essential to
ensure the pets health. The lack of microbiological standards set for
dogs and cats foods make difficult the potential risk analysis that
microbiological contaminants may cause to these animals. All
parameters analyzed in this study entering in auto control programs,
being considered danger points, as microbiological contaminants
(bacteria and fungi) and humidity conditions. Regarding the bacteria
or fungi levels detected, most of the samples data showed adequate
and accepted levels, indicating that the handling conditions and
process applied were enough to control/guaranty their microorganism
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growth. Despite that, the humidity conditions (mc and a,), in some
samples, were enough to allow fungi mycotoxins producers to grow.
Packaging also is an important stage of the pet food production for
microorganisms’ control, and the material type choices, as well as the
package sealing efficiency, are crucial to complete the whole safe
inner content environment process. Regulatory standards are required
for this segment, as has shown continuous economical progress, thus
resulting inconfidence by the consumers and the vet’s clinical
indication for the commercial safer pet food.
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Table 1. Bacteria and fungi indicators and moisture data obtained from dogs and cats dry food and comparison with

reference standards recommended
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Pet food Microbiological tests (CEU/g) Moisture conditions
Country Amnimalspecies Parameters MIC? CTIC: ECH SRC* Salmonelln FTCT ig;z‘:; a,”
NORTHAMERICA
(n=10) Dag Minimumn <1.0x10° <1.0x10' ND <1.0x10% ND <1.0x10% 7.63 0.56
Maxinmrm 2. 4x10% 4.0x10? ND 1.2x107 ND 20x10% o0 0.60
Mean 65.1x10?% 2.0x10! MNA 1.0x10? NA 12x10% 783 0.38
5D 01.52 12.65 NA 021 MNA 40.82 1.04 0.02
FSD%: 148.42 53.21 NA 210 NA 3408 1328 344
Cat Mlmirmum <1.0x10? =1 0x10! ND <1 0x10! ND <1.0x10% 742 0.34
Maxinmmm 2.0x10° 2.0x10! ND 1.2x10° ND 2.0x107 863 0.59
Mean 12x10° 1.5=x10% NA 1.1x10? NA 1.25x10* 8.03 0.57
5D 5.00 377 NA 1.15 NA 0.0 0.50 002
FED% 40.00 38.46 NA 10.45 MNA 400 622 351
EUROPE
(m=16) Dog Ml <1.0x10? =1 0x10! ND =<1 0x10! ND =<1 0x102 736 0.38
Maxinmmm 2.0x10° 2.0x10! ND 1.3x10% ND 1.3x10° 1587 089
Mean 1.1x10° 12x10} NA 1.1x10? NA 2 2x10° 980 0.69
5D 3.16 3.49 MNA 1.63 NA 37947 227 007
ESD2g 2872 008 NA 1481 MNA 17245 2316 11.15
Cat Mininum =<1.0x10' =<1.0x10' WD <1.0x10? ND <1.0x10® 901 0.68
MMaximmemn 23x10% 1.5x10! ND 1.1x10?% ND 1.0x10% 052 0.73
Mean 4.8x10° 1.1x10} NA 1.0x10?% NA 1.0x10% .12 0.70
5D 290 2.04 NA 041 NA 408 0.56 001
E.5D2%% 18534 1821 MNA 4.10 MNA 4.01 6.14 142
SOUTH AMERICA
Dog Mininmum <1.0x10° <1.0x10' WD <1.0x107 ND <1.0x10° 7.02 0485
(m=34) Maxinmrm 2 2x10% 2.0x10! ND 13x107 ND 19x10° 1628 0282
Mean 2.7x10} 1.2x10° NA 1.0x10?% NA 2.8x10° D03 061
5D 42 .86 320 NA 089 MA 38837 1.76 0.06
ESD2g 15874 2857 NA 2900 NA 138.70 1944 082
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Cat Mininum <1.0x100  <10x10' ND <1.0x10° ND <10x107 710 0.60

Maximmrm 3.0x107 20x100 ND 1.2x10° ND 1.2x10° 1180 069

MMean 13x100  13x100  NA 1.0x10° NA 1.0x100 882 0.63

&D 756 488 MNA a7 NA 7.536 1.31 0.03

RED% 5813 37.54 MNA o7.00 NA 741 1712 461

Reference standards*
NRC (2006) Adequate < 10° <10} Abzence NE Abzence =1.0x10' NA <0.60
ABINPET(2008) Acceptable 10¢ -_1D' 10104 Abzence NE Abzence  10%-10% 6.0-120 0.60-0.89

Unacceptable = 10F =10¢ Presence NE Presence =10° =14 =) .89

®colony-forming unit/g; bmesthiIic total count; “coliforms total count; “Escherichia coli; °sulfite-reducing clostridium; fungi
total count; *moisture content; "water activity; *level recommended (not regulation set); SD: standard deviation; RSD: relative
standard deviation; ND: not detected; NA: not applied; NE: not established
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Table 2. Fungi genera and species isolated from dogs and cats dry food commercialized in different countries

Mycobiota

Fungi characteristics

Fungi isolated Frequency n (%) Origin Safety (toxin)
Class Species General Norl]l.—imericas_,;';t:ﬁca Europe Field Storage Producer Type Pet food ingredients
Toxigenic
Aspergillus
A parasiticus 1[[’1__5)0 210(20) /34 (23.5) NI AF AF TP AFL  Nuts peanus, maize, rice, meat
- < - I Peanuts, maize, soybeans, rice, cereal,
A wentii 6/60 (10)  1/10(10) 5/34(14.7) NI AP AP TP EM wheat andbarley
A niger 3/60(3) 2710 (20) 1734 (3.0) NI AP AP TP OTA  Cerealandbased foods, nuts, meat
A ochraceus 1/60(1.7) NI NI 1/16 (625 AP AP TF OTA  Dred and stored foods, sovbeans
Penicillium
- Apple, fruits, maire, wheat, rce,
P. expansum 6/60 (10) NI 6/34 (17.6) NI AP AP TP PTLCTR (oh e atand products
F. rugulasum 2/60(3.4) NI NI 2/16(12.5) AP AP TP peL Meat sce, maize, bardey, wheat,
soybeans, peanuts
Spoilage
Aspergillus
A penicillioides 360(3)  1/10(10)  2/34(6.0) NI AP AP NP NA E::Sﬂmmdﬁsh nice, meats,
A. candidus 1/60(1.7) NI 1/34(3.0) NI NA AP NP NA  Cereal wheat maize nice barey
Penicillium
P implicanm 6/60(10) 4/10(40) 1/34(30) 1/16(625) NA AP NP NA  Maize and dried foods
E. restrictum 1/60(1.7) NI 4340117y 1/16(623) NA AP NP NA  Wheat, meat soybeanand feed
P. nalgiovense 1/60(1.7) NI 2/34(6.0) NI NA AP NP NA  Meat, nuts andcheese
Others genus
C.cladasporioides 7160 1/10(10)  4/34(11.7) 216(125) AP NA NP NA :f‘:gl:f:ﬁeflefﬁ nice, serghum, meatand
S. racemosion 3/60(23) NI 3/34(14.7) NI NA AP NP NA  Nuts, meat maize andrice
{,}’“”’?‘f’“@m 1/60(1.7) NI NI 1/16 (625) AP NA NP NA  sakmon, peas, maize
arzianum
Paecilomycesvariodi 1/60(1.7) NI 2/34 (6.0) NI NA AP NP NA  Rawmatenals cortaming oil, cereal,

peanut and meat
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Uereal, wheat maize, nce, nut and

Eurotienrubrim 1/60(1.7) NI NI 1/16(6.23) NA AP NP NA meal
Verticilliwmlecamii  1/60(1.7) NI 134 (3.0) NI AP NA NP NA  Cerealandmaize
Mucor hiemaliz 1/60(1.T) NI 1734 (3.0) NI NA AP NP NA  Freshvegetables, maireandrice

AFL: aflatoxin; EM: emodin; OTA: ochratoxin A; PTL: patulin; CTR: citrinin; RGL: rugulosun; NI: not isolated;TP: toxin
producer; NP: not toxin producer; AP: applied
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Abstract

This work reports an evaluation of bioactive amines (biogenic amines
and polyamines) profile and levels in dry and wet food (102) for dogs
(67) and cats (35) commercialized in different countries (America and
Europe) and their relation to protein content and bacteria load. The
predominant biogenic amines was histamine (96%) followed by
putrescine, cadaverine (92%) and tyramine (90%). The agmatine,
phenylethylamine and tryptamine were detected in lower frequencies
(56, 49 and 36%, respectively). The levels varied from 0.60 to 388.2
mg/Kg (mean of: 49.1 mg/Kg). Despite that, in 96% of samples had
lower levels when compared to those set as potentially toxic for humans
(total maximum tolerance level: 100-200 mg/Kg). Regarding the
polyamines, spermidine and spermine were detected in all samples in
varied levels (ranged from 6.10 to 65.4 mg/Kg) and serotonine was not
detected in any sample. It was observed a correlation between amines
levels and protein content present in the pet food samples (4.5 to
42.0%), whereas no correlation was registered with bacteria load data
(<1.0x10" to 2.4x10° UFC/g). Important to emphasize, that there is no
bioactive amines regulation for pet food. Despite this, their presence in
pet foods is considered quality and safety indicators.

Key words: dog, cat, pet food, bioactive amines, protein, bacteria
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1 Introduction

The bioactive amines are organic bases of low molecular
weight which participate in normal metabolic processes in living tissues.
They can beformed and degraded as a result of normal metabolic
activity in animals, plants and microorganisms. Thus, they are found
naturally in low concentrations in animal and plant tissues (Halasz et al.,
1994; Salazar et al., 2000). However, higher levels of bioactive amines
during food storage may indicate loss of quality, especially those foods
that have high protein content (Silva and Gloria, 2002). They can be
classified into biogenic amines (BAs) and polyamines (PAs). The most
important BAs are histamine (HIM), putrescine (PUT), cadaverine
(CAD), tyramine (TYM), tryptamine (TRM), phenylethylamine (PHE)
and agmatine (AGM) and PAs are serotonine (SRT), spermidine (SPD)
and spermine (SPM) .

The BAs and PAs are commonly present in vegetables and
animal raw materials (meat, fish, fruits, grains and other vegetables) that
can be added to pet food, in particular to those where high levels of
protein need to be present (Askar and Treptow, 1989). The amounts of
BAs and PAs formed are strongly influenced by the food composition,
specially the amino acid availability and the microbial flora. Other
parameters are food additives inclusion, temperature and moisture
content variation, ripening stage and packaging type (Carelli et al.,
2007; Gloria and Vieira, 2007).

The high amounts of BAs and PAs produced by
microorganisms are due to the enzymatic activity of amino acid
decarboxylases (Ruiz-Capillas and Jiménez-Colmenero, 2004).
Therefore, they can be considered indicators of food quality (Tasi¢ et al.,
2012), as the original levels can highly change during food processing
and storage, especially affected by the bad hygienic conditions. High
concentrations (> 50mg/Kg) can be attributed topoor maintenanceand/or
earlydeterioration process. Some of the major applications of bioactive
amines analyses are quality control of raw materials, intermediates and
end products (Salazar et al., 2000; Tasi¢ et al., 2012).

The BAs are toxic substances when present in high amount in
food (> 50mg/Kg), which can cause disease in animals and human.
Their excessive presence interferes on the metabolism balance with
different degrees of diseases (on the nervous, gastric and vascular
systems, increasing blood pressure). The BAs pharmacological effects
vary with their type and quantity: TRM, TYM and PHE increase the
blood pressure; CAD and PUT are responsible for reduction blood
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pressure (hypotension) and HIM is responsible for primary mediator of
the allergic response immediate (Shalaby, 1996; Onal, 2007). A low
BAs level in food is not considered a serious health risk; however pets
eatsame type of foodin a daily basis, thus more exposed to any
contaminant that may be present in it, compromising animal’s health (de
Souza and Scussel, 2013).

The PAs have no adverse health effect, but they may react
with nitrite to form carcinogenic nitrosamines and also can be proposed
as indicators of spoilage, as the BAs, PUT and CAD (Eerola et al.,
1997). In view of the potential relevance of bioactive amines for animal
health and food safety, it is a critical importance to monitor their levels
in pet food and the animal exposure assessment.

Good hygiene standards on handling food with relevant
storage temperature (Balamatsia et al., 2007) play the key roles on
prevention of bioactive amines formation. Since they are formed by the
bacteria flora of food material, bacterial growth prevention and/or BAs
production inhibition should be very important for food safety. In
addition, it has been reported that BAs are not significantly reduced by
high temperature treatments (Shalaby, 1996).

For human consumption, the US Food and Drug
Administration (FDA, 1996) established tolerance level of HIM (100
mg/kg) in some fish species. The same has been set in Brazil by the
Ministry of Agriculture, Livestock and Supply for HIM in fish, in a
lower level though (100 mg/Kg) (Brazil, 1997). The levels of HIM in
food are also restricted by the European Union - EU (100 mg/kg), South
African (100 mg/kg), and Australian (200 mg/kg) (EC, 2005; South
Africa, 2001; Australia, 2001). In the EU, the acceptable levels for
human consumption of HIM, TYM, and PHE in fermented foods are 50-
100, 100-800 and 30 mg/kg, respectively (EC, 2005). Despite the
absence of BAs specific rules and regulations regarding their occurrence
in pet food, there is an increasing interest on their monitoring, since they
may be toxic to sensitive animals and can be an indicator of good
manufacturing practices (Gloria et al., 2010), whereas their presence in
some raw material (fresh fish, meat and vegetables) may serve as an
indicator of undesired microbial activity (Ruiz-Capillas and Jimenez-
Colmenero, 2004).

Considering that (a) human contamination from ingestion of
food with bioactive amines have been reported worldwide, (b) lack of
available information regarding BAs and PAs in pet foods and (c) the
possible toxic effects in pets’ health, this work reports an investigation
on BAs and PAs profile and levels in dry and wet food for dogs and cats



154

commercialized in different countries, as well as their correlation to
protein contents and bacteria load.

2 Materials and methods
2.1 Materials

2.1.1 Samples: a total of 102 pet food, dry (44) and wet (58) for dogs
(67) and cats (35) at two life stages (81 and 21 samples for adult and
puppy, respectively) from different brands, in their original sealed
packs/cans/sachets (size: 0.2 to 2 kg), commercialized in North America
(15), South America (59) and European Union (28).

2.1.2 Chemicals:(b.1) reagents - potassium hydroxide (KOH), sodium
acetate, acetic acid, octanesulfonic acid sodium salt, boric acid, o-
phthalaldehyde (OPA), Brij 35 and mercaptoethanol, all analytical grade
(Vetec, Rio de Janeiro, Brazil). Triton X-100 (Sigma Chemical, St.
Louis, USA); (b.2) solvents - 5% trichloroacetic acid (TCA), acetonitrile
and methanol, all HPLC grade (J.T.Baker, Texas, USA), saline peptone
water 0.1% and ultrapure water (Millipore, Massachusetts, United
States).

2.1.3 Bioactive amines standards:putrescinedihydrochloride (PUT),
cadaverinedihydrochloride (CAD), tyraminehydrochloride (TYM),
HIMtamine dihydrochloride (HIM), 5-hydroxytryptamine hydrochloride
(serotonine — SRT), creatininesulfate complexagmatine (AGM),
spermidinetrihydrochloride (SPD), sperminetetrahydrochloride (SPM),
2-phenylethylamine hydrochloride (PHE) and tryptamine (TRM) (Sigma
Chemical, St. Louis, USA).

2.1.4 Culture medium: Plate Count Agar (PCA) for bacteria total count.
2.1.5 Equipment: drying oven (Fanem, Sao Paulo, Brazil), analytical
scale (Shimadzu, Kioto, Japan), vacuum pump (Tecnal, Sdo Paulo,
Brazil), water bath (Quimis, Sao Paulo, Brazil), muffle (Quimis, Sao
Paulo, Brazil) and Liquidchromatography (LC) withfluorescence
detector - FLD (Shimadzu, Kyoto, Japan), auto-sampler model SIL-10
ADvp andCigreverse phasecolumn (3,9 x 300 mm, 10 um) (Waters,
Milford, MA, EUA).

2.1.6 Other materials: non-vacuum desiccators @ 200 mm and
membrane filter with 0.47 um and 0.45 mm for porosity and diameter,
respectively (Millipore Corporation, Massachusetts, USA).
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2.2 Methods

2.2.1 Sample collection and preparation: the sealed packs of dogs and
cats food were purchased randomly from supermarkets and pet stores in
North America (Canada and Mexico), European Union (Austria,
Finland, France, Germany, Italy and Switzerland) and South America
(Argentine, Brazil, Chile and Uruguay). Each of them was homogenized
and divided into portions for the following analyses:

2.2.2 Bioactive amines determination: amines were extracted from
samples (5 g) with 7 ml 5% TCA). After agitation for 5 min in a vortex
mixer, the supernatant was collected.The solid residue was extracted
twice more with volumes of 7 and 6 ml of TCA. Supernatants were
combined and filtered through 0.45 mm membranes. The amines were
separated by ion-pair reverse phase HPLC (Cygreverse phasecolumn)
and quantified fluorimetrically (350 nm excitation and 450 nm emission)
after post-column derivatization with OPA, as described by Vale and
Gloria (1997). The mobile phases were: A, solution of 0.2 M sodium
acetate and 15 mM 1-octanesulfonic acid sodium salt, adjusted to pH 4.9
with acetic acid, and B, acetonitrile. The flow rate was set at 0.6 ml/min
and the gradient was: 13 min at 11% B, 19 min at 29% B, 24 min at
11% B, and 55 min at 11% B. The post-column derivatization reagent
was delivered at 0.4 ml/min. It consisted of 1.5 ml Brij-35, 1.5 ml
mercaptoethanol and 0.2 g OPA dissolved in a 500 ml solution of 25 g
boric acid and 22 g KOH (pH adjusted to 10.5 with 3% KOH). The
identification of amines was performed by comparison of retention time
in samples to standard solutions. BAs standard solution preparation:
they were prepared in the buffer solution at a concentration of 1 mg/ml
acid hydrochloric 0.1 mol/L. From 1 mL aliquots of each solution
individuals, there was obtained 10 ml of standard solution containing ten
amines. The limits of detection were 0.4 mg/Kg.

2.2.3 Protein content: the data on protein content was obtained from
each dogs and cats nutritional guaranteed levels described in the pet
food packs, cans and/orsachets (de Souza Koerich, et al., 2013).

2.2.4 Bacteria total count: the methodology applied for bacteria total
count was that described by APHA (2001) and the results expressed in
colony forming unit (CFU/g).

2.2.5 Statistical methods: the Shapiro-Wilk test was applied to check the
normality of the quantitative data for each treatment. To compare the
levels of BAs and PAs within each group, paired tests were used:
Student's t test for paired samples test (parametric) and Wilcoxon test
(nonparametric). To compare the levels of BAs and PAs into group’s
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independent tests were used unpaired t test for independent samples test
(parametric) and Mann-Whitney (nonparametric). The Spearman
correlations (linear correlation coefficient -R) were applied to identify
possible associations between BASs/PAs with protein content and
bacteria total count (bivariate analysis). Interpretation of values was
performed according to Spearman’s R (inexistent: zero % < R < 20%;
weak: 20% < R < 50%; moderate: 50% < R < 80%; strong: 80% < R <
100%). In all tests, the result was considered significant if the P value
<0.05. The analyses were carried out with software Statistics version 7.

3 Results and discussion

The levels of bioactive amines (BAs and PASs) and their
correlation to the protein content and bacteria load of the dry and wet
food for dogs and cats from different countries varied. Data on the type
of animal and/or vegetal protein included in the samples and the studied
parameters are described in Tables 1 and 2, respectively.

3.1 BAs profile and levels

General data: the presence of BAs in foods and feeds is a
typical indicator of spoilage. The predominant amine in the pet food
evaluated was HIM (96%) followed by PUT/CAD (92%) and TYM
(90%). The AGM, PHE and TRM were detected in lower frequencies
(56, 49 and 36%, respectively). The levels of BAs varied widely among
samples, as indicated by the coefficients of variation in Table 2. An
increasing value of HIM, PUT and CAD is usual observed in products
with microbial contamination (Ruiz-Capillas and Jiménez-Colmenero,
2004). The higher values of HIM were detected in pet food based in fish
(salmon and cod) with amounts that ranged up to 102.3 mg/kg. This
HIM level, which is higher than the toxic level 100mg/Kg for human
health (Gloria, 2005), can cause damage for the pet’s health if consumed
(there is no regulation for pet food). Important to emphasize that once
HIM formed, any heat treatment applied to food will be able to destroy
it (Huss, 1997). The others BAs were detected in lower level than the
toxic level established for human health. Considering the TYM (100
mg/Kg), HIM (100 mg/Kg), PHE (30 mg/Kg) or a BAs total (100-200
mg/Kg) as toxic level established for human health (Gloria, 2005), a
comparison of these toxic levels was made with the levels obtained in
the pet food of the current study. A percentage of 96% of samples had
levels lower than those parameters described in the literature for
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toxicological effects in human, whereas one sample of dry food for adult
dogs produced in South America had HIM level above that toxic limit
(102.3 mg/Kg) and three samples had BAs total higher than the toxic
level (detected in dry food for adult dogs produced in North America:
388.2 mg/Kg and dry food for adult cats and kitten produced in Europe:
234.0 and 341.5 mg/Kg, respectively).

Different countries: HIM was the BA most detected in South
America and Europe Union samples (with 100 and 89% of frequency,
respectively), whereas PUT/CAD (86%) and TYM (82%) were in less
frequency. In the North America samples, CAD and TYM were detected
in 100% of them, followed by HIM and PUT (94 and 87% of samples,
respectively). On the other hand, data of AGM and PHE showed that
they are detected in more frequency in North (67% of both), followed by
South America (57.6 and 52.5%) and lower in the European samples (46
and 39%). Correlating the BAs levels with protein content and bacteria
load, the data indicated that in the North America samples, it was
observed higher levels of BAs (88.8 mg/Kg) when compared to South
America and Europe (42.5 and 39.7 mg/Kg, respectively). The data
corroborated to the high results of protein content (mean of 24.4%) and
bacteria load (mean of 3.0x10" UFC/g). Lower levels were observed in
samples from Europe (39.7 mg/Kg of BAs, 17% of protein content and
1.8x10" CFU/g). The Linear correlation Spearman indicated significant
positive correlation of BAs levels in North and South America samples
with the amount protein added in the pet food samples (P<0.05).

Types of food: in dry food the PUT, CAD and TYM were
detected in 100% of samples, followed by HIM (98%). With respected
to wet food, HIM was the most observed in that type samples (93%),
followed by CAD (83%) and PUT/TYM in the same frequency (79.5%).
The data of AGM, PHE and TRM showed to be different between the
dry and wet food: the AGM and PHE were detected in 91.4% and TRM
in 64% of dry samples. Regarding wet food, the AGM was detected only
in 4.5% of samples and PHE/TRM was not detected at all. Thus, the
BAs levels obtained in the dry pet food were higher than in the wet’s
(78.5 and 19.8 mg/Kg, respectively), which can be explained by the
different protein content added into the dry if compare to wet food (25.6
and 8.64%, respectively). The amounts of BAs formed are strongly
influenced by the food composition, specially the amino acid (protein)
availability, apart from bacterial contamination present. The animal and
vegetal proteins included in dogs and cats’ food with possibilities of Bas
formation is described in Table 1. Important to emphasize that dry food
has more vegetal protein added than wet.Regarding the bacteria load, the
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high contamination was observed in dry food if compare to the wet food
(mean of 2.8x10" and 0.5x10" CFU/g, respectively). It is important to
emphasize that the material type used to pack may influence in the
environment conditions and contaminations (moisture absorption
leading to development of bacteria, fungi, mites and insect). Three
samples of dry pet food had cardboard as pack, which is not indicated to
guarantee the safety of the product. The type of pack material utilized to
wet food (cans and sachets) is more secure than other materials, being
hermetically closed after the products sterilization process. However, the
presence of BAs in food does not necessarily directly correlate with the
growth level of spoilage organisms, because they may not all be
decarboxylase-positive — BAs producers (Ruiz-Capillas and Jiménez-
Colmenero, 2004).

Animal species: in dogs’ food, PUT was the BAs most
detected (98.5%), followed by HIM (97%), CAD and TYM (95.5%). In
lower extent, the AGM, PHE and TRM were detected in 59.7, 52 and
32.8% of the samples, respectively. Data of cats’ food showed that HIM
was the BAs prevalent, followed by CAD (85.7%), PUT and TYM
(82.8%). The AGM and PHE/TRM were detected in 51.4 and 42.8%
samples. Regarding BAs levels, they were significantly higher than
those of PAs. It was observed that cat food had higher levels of BAs
(mean of 58.0 mg/Kg) if compare to dogs (43.7 mg/Kg) (P<0.05). The
same was observed to protein content, which cat’s food had more
protein than dog’s food (18.6 and 17.5%, respectively), since cats’
nutrient requirement regarding protein is higher than dogs’ (Dickinson
and Scott, 1956). In those cats’ samples it was observed a weak
correlation between BAs levels and protein content (mean of 58.0
mg/Kg and 18.6%, respectively) (R=14.0%; P>0.05). Regarding the
bacteria total count, there was not a significant difference between cats
and dogs food (mean of 1.7x10' and 2.1x10' CFU/g, respectively)
(R=35.5%; P<0.05). The maximum level of BAs detected for CAD was
157.0 and 123.0 mg/Kg, followed by HIM with 102.3 mg/Kg in dogs’
food and TYM of 87.3 mg/Kg in puppy food.

Life stage: in adult pets food the prevalent BAs were also
HIM (98.7%) followed by CAD/PUT (92.4%) and TYM (88.6%). On
the other hand, a lower percentage of the samples had AGM, PHE and
TRM (58.2, 50.6 and 35.4%). Data of puppy food showed that TYM
was the BAs prevalent (100%), followed by CAD (91.3%), PUT and
HIM (86.9%). The AGM and PHE/TRM were detected in 56.5 and
43.5% samples, respectively. In the samples of adult food, was observed
moderate correlation between BAs with the protein content present in
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the samples (R=77.0%; P<0.05). The BAs levels obtained in adult and
puppy food were 49.4 and 45.7 mg/Kg, respectively, however, without
significant difference (P>0.05). The maximum level of BAs detected
was CAD, with 157.0 and 123.0 mg/Kg, followed by TYM (83.7 and
87.3 mg/Kg in adult and puppy food, respectively.

3.2 PAs profile and levels

General data: the SPD and SPM were detected in all samples
(100%) analyzed in a wide variation levels, as expected, since they are
widely distributed in plants and animals and play important roles in
cellular division and growth (Barddcz, 1995; Halész et al., 1994). They
ranged from 6.10 to 65.4 mg/Kg, independent of the pet food
characteristics. The SPM contents are commonly higher in foods of
animal origin than SPD, which is an inverse relation to that observed in
materials of vegetable origin (Kala¢, 2009), both used for the production
of pet food. Red meat and meat products are included among the main
dietary sources of SPM (Bard6cz, 1995), however, inner organs
werecharacterized by approximately three times higher PAs
concentrations than fresh meat and regularly processed into pet food.
These data can be useful todeterminate the PAs exposure assessment of
humans or pets. These compounds have been identified as promoters of
cell growth and immune system regulations, being considered a
fundamental part of living tissue (Larqué et al., 2007). The SRT was the
only bioactive amine that was not detected in the samples analyzed,
despite of type or animal species.

Different countries: regarding the PAs levels, the data
followed the same behavior as the BAs, with higher levels in the North
America samples (mean of 32.5 mg/kg; ranged from 10.4 to 49.6 mg/kg;
RSD% 44.1) when compared to South American (mean of 31.6 mg/Kg;
ranged from 11.7 to 65.4 mg/Kg; RSD% 37.9) and European (mean of
22.7 mg/kg; ranged from 6.10 to 52.6 mg/Kg RSD% 54.6). In North
America pet food, the levels of SPD and SPM (mean of: 19.0 and 13.4
mg/Kg) were higher than Europe (mean of 11.6 and 16.2 mg/Kg) and
South America (11.1 and 15.5 mg/kg) respectively. The Linear
correlation Spearman indicated significant positive correlation of PAs
levels in North and South America samples with the amount protein
added in the pet food samples (P<0.05).

Types of food: in dry pet food, the PAs levels were
significantly lower than the BAs. In contrary, in the wet food, the PAs
levels were significantly higher than the BAs content. Despite that, the
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PAs levels in dry food were higher than wet food (35.3 and 23.6
mg/Kg). It was observed a weak correlation between PAs and protein
content (R=23.2%; P<0.05). The dry pet food had more protein content
(mean of 25.6%; ranged from 12.0 to 42.0%; RSD% 22.9) than wet food
(mean of 8.64%; ranged from 4.5 to 16.0%; RSD% 20.0), due to the
type and quantity of raw material used (vegetal/animal protein and sub
products), since it is designated as complete food. The wet food has
more inclusion of animal protein and a lower inclusion of vegetal
protein in the formulation. Regarding SPD levels, it was detected higher
levels in dry food than wet (21.0 and 7.80 mg/Kg, respectively),
whereas the levels of SPM were similar, independent of food
characteristics (14.8 and 12.9 mg/Kg, respectively).

Animal species: the PAs levels follow the same conduct of
BAs. It was observed that the cat food had higher levels of PAs (31.2
mg/Kg; ranged from 6.10 to 60.9 mg/Kg RSD% 23.4) if compare to dog
food (28.3 mg/Kg, ranged from 10.3 to 65.4 mg/Kg RSD% 46.8). This
profile can be explained by the protein content included in the pet food,
which cat’s food had more protein than dog’s food (18.6 and 17.5%,
respectively). The levels of SPD and SPM were similar in dogs (mean of
14.9 and 13.5 mg/Kg) and cats food (mean of 16.2 and 15.0 mg/Kg),
respectively, without significant difference.

Life stage: in the samples of adult food, was observed
moderate correlation between PAs with the protein content present in
the samples (P<0.05). The PAs levels obtained in adult and puppy food
were 29.6 and 28.3 mg/kg, respectively, however, without statistic
significant difference (P>0.05). The independent levels of SPD and
SPM had the same conduct of general levels of PAs, were similar in
adult (mean of 15.6 and 14.0 mg/Kg) and puppy food (mean of 14.3 and
13.9 mg/Kg), respectively.

4 Conclusion

This work showed the first preliminary data of bioactive
amines content in wet and dry pet food. The predominant BAs were
HIM followed by PUT, CAD and TYM,; regarding PAs, SPD and SPM
were detected in all samples. The SRT was the only bioactive amine that
was not detected in the samples analyzed. The Bas and PAs levels
detected were lower in 96% of samples when compared to those set as
potentially toxic for humans and the LMT for consumption. The levels
of bioactive amines showed correlation with their protein content,
however no significant correlation was observed with the bacteria load.



161

The data could not compare to pets animal regulation as there is none set
to data. However, we must consider that pets eatsame type of foodin a
daily basis (industrialized food), thus they are more exposed to any
contaminant that may be present in it, compromising their health. In
view of the potential relevance ofbiogenic amines for human and pets’
health, it is important to monitor their levels in dogs and cats food,
ensuring the safety to consume. Thus, further studies are necessary to
establish safety limits for bioactive amines in pet food.
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Table 1. Animal and vegetal proteins included in dogs and cats food
with possibilities of biogenic amines formation

Dogs and cats protein inclusion

Origin Type Ingredients source
ANIMAL
Fresh meat Beef
Pork
Poultry
Fish
Meat meal* Beef/pork/poultry
Fish
By-product** Chicken
Bovine
Pork
Poultry
Eggs Whole (fresh)
Whole (dehydrated)
Milk Whole (powder)
Dairy products
VEGETAL
Grain Cereals and their by-
products***
Meal Soybean
Gluten extract Wheat
Oat
* meat/bone; **skin/bones/inner organs/meat residues el

wheat/oat/sorghum/others
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Table 2. Levels of bioactive amines contamination, their correlation to protein content and bacteria load in dogs and cats food
samples from different countries and food characteristics (type, animal species and life stage)

Pet food Bioactive amines (mg/Kg)* . .
{total  Statistics General data (3) BAas PAs f:n"t‘::t‘ B“‘::;;‘t"“’l
number) Bas  Pas BastPAs pur O mmm Tvm pEE 3T TRM SRT sPm o seD ()= (CFUR)
COUNTRY
North  Mimmum 40 104 144 000 070 000 270 000 000 000 ND 500 540 45 <1.0x10°
- Maximm
America 3882 496 4263 930 ND 224 320 420 2.4x10°
(n=15) Mean 888 325 1213 210 NA 134 190 244 3.0x10!
SD 1188 143 1267 260 NA 540 990 128 NA
RSD%  133.8 441 1044 1005 NA 403 521 524 NA
Europe Mininum 060 6.10 100 000 ND 290 040 80 <1.0x10!
(n=28) Maximm
m 2340 526  268.1 840 ND 255 348 325 2.3x10°
Mean 307 227 625 130 NA 111 116 17.0 1.8x10!
SD 546 124 623 210 NA 560 840 9.1 NA
RSD%  137.5 546 996 1615 NA 504 724 533 NA
South NMininum 150 117 196 000 ND 530 310 800  <lo0xlo!
America pfaxinm
m 1842 654 2314 410 ND 288 394 310 2.2x10°
(1=59) Mean 425 316 742 040 NA 155 162 173 2.0x10!
SD 3886 120 4728 080 NA 480 930 839 NA
RSD% 914 379  63.7 2000 NA 300 586 485 NA
TYPEFOOD
Dry  Mimnum  3.90 103 145 080 040 000 170 000 000 000 ND 530 040 120  <10xl0!
(m=58) Mhlaxirm ) } } ) X
m 3882 654 4263 815 157.0 1023 873 670 543 9030 ND 288 394 420 2.4x10°
Mean 764 359 1122 122 194 110 242 150 640 160 NA 148 210 256 28x10!
SD 711 126 761 133 261 181 208 130 870 200 NA 470 ©.10 586 NA
RSD% 830 350 677 1085 1346 1638 8589 1355 89.76 1288 NA 31.76 43.13 228 NA
Wet  Mnmum 060 610 100 000 000 000 000 ND 000 ND ND 290 320 45 <1.0x10!
(n=44) Maxinm o B
m 380 366 626 550 194 116 197 ND 660 ND ND 285 140 160 1.0x10!
Mean 119 207 326 170 330 260 390 NA 0350 NA NA 129 730 864 0.5x10!
SD 820 740 125 170 380 210 490 NA 150 NA NA 620 230 173 NA
RSD% 689 357 383 1000 1151 807 1256 NA 3000 NA NA 480 295 200 NA

ANIMAL SPECIES
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Doz  Minimum 170 103 143 00 000 OO0 000 OO0 OO0 000 NWND 380 310 45 <1 0x10?
(n=67) MMaxinm .
m 3882 634 4263  B15 15370 1023 732 430 452 B840 ND 28% 366 400 24x104
Mean 437 283 720 720 10&8 740 117 070 330 070 NA 135 149 17.5 2.1x10!
sD 357 121 62.0 620 470 010 390 080 070 080 NA 280 030 26 NA
ESD% 1276 427 86.1 861 435 135 333 1143 222 1143 NA 207 335 402 NA
Cat Mnnum 1350 6.10 10.0 00 000 000 000 000 000 000 ND 290 040 g0 <1.0x10?
33) MMaxinm i i i .
m 3415 609 3006 476 1230 622 873 670 343 9030 ND 2B5 348 420 23x104
Mean 580 312 go.1 850 157 740 191 110 480 140 NA 150 162 186 1.7x10?
sD 737 1486 g3.0 114 241 109 248 170 930 230 NA 3530 114 10.8 NA
ESD% 1270 468 83.1 1341 1335 1473 1208 1345 1979 1643 NA 367 704 384 NA
LIFE STAGE
Adult Minimmm 130  6.10 10.0 000 000 OO0 000 000 000 000 ND 200 040 6.3 <1.0x10¢
@=81) Maxinm )
m 3882 609 4263 815 1370 1023 837 370 432 930 ND 283 394 340 2.3x10%
Mean 494 2046 790 790 123 &84 155 080 360 000 NA 140 156 1746 1.6x10
SD G606 123 67.7 11.7 203 159 188 114 370 183 NA 322 945 852 NA
RSD%% 1227 422 857 1481 1630 1893 1213 1375 15383 2000 NA 371 602 489 NA
Puppy  Minimm 4.0 104 12.7 o0 000 OO0 100 OO0 000 000 ND 380 310 g0 <1.0x10!
@=21) Maxinm )
m 3415 654 3006 476 1230 170 873 670 343 5340 WD 2BEE 366 420 24x10%
Mean 4577 2853 740 683 130 406 133 088 047 08 NA 139 143 18384 3.2x10°
SD 600 148 TRE 807 2503 435 196 148 111 134 NA 627 101 119 NA
RSD% 1520 3523 1063 1346 1923 1075 1273 1667 2362 1623 NA 442 706 633 NA

BAs: biogenic amines; PAs: polyamines; * LOD>0.4mg/Kg; **protein guaranteed level described in pet food pack label; CFU:
colony forming unit; AGM: agmatine; CAD: cadaverine; SPD: spermidine; SPM: spermine; NA: not applied; ND: not detect;
HIM: Histamine; PHE: phenylethylamine; PUT: putrescine; SRT: serotonine; TRM: tryptamine; TYM: tyramine; SD: standard

deviation



CAPITULO 6

DOGS AND BIRDS DRY FOOD FUMONISIN FB; AND FB,
CONTAMINATION AND THEIR RELATION TO
INGREDIENTS AND PACKAGING CHARACTERISTICS

Trabalho publicado:
Research Journal of Biological Sciences (ISSN: 1815-8846)
8 (1):22-29, 2013






169

DOGS AND BIRDS DRY FOOD FUMONISIN FB1 AND FB2
CONTAMINATION AND THEIR RELATION TO
INGREDIENTS AND PACKAGING CHARACTERISTICS

Karina Koerich de Souza, Vildes Maria Scussel

Mycotoxicology and Food Contaminants Laboratory - LABMICO, Food
Science and Technology Department, Center of Agricultural Sciences,
Federal University of Santa Catarina (UFSC), R. Admar Gonzaga, 1346,
Itacorubi, Florianopolis, SC, CEP 88034-001, Brazil. E-mail:
kakoerich@yahoo.com.br

Abstract

Fumonisin (FB; and FB;) contamination and their relation to
the ingredients composition and packaging characteristics were
evaluated in dry foods fordogs and birds sold in Southern Brazil. Out of
50dogs and birds food samples analyzed, 80and 60% had FB levels
detected above the applied method (LC/FLD) limit of quantification,
thus (0.04, 0.05 and 0.09 mg/Kg for FB1, FB, and FByy, respectively).
Pet food levels ranged forFB; from 0.04-1.60/0.07-0.64 and FB,: 0.04-
0.27/0.12-0.45mg/Kg for dogs/birds samples, respectively. Those levels
were lower than the international regulation (FDA, EU) for FBya (5
mg/Kg).Regarding ingredient composition, both food types (100%) had
maize as the main carbohydrate energy source followed by rice (82%)
and wheat (91%). The other grains toxin contamination related were in
decreasing order of inclusion: soybean, linseed and sorghum/oats mix
(55/50, 37/50 and 9/50% for dogs/birds, respectively). Regarding fungi
growth pet food humidity conditions, while mc were high in the birds
(10.0 to 14.0 %; RSD 9.9 %) food samples they were rather low in the
dogs (6.8 to 10.4 %; RSD 9 %), with rather similar a,, for both food
(dogs: 0.48 to 0.65; RSD: 6.3 % andbirds: 0.53 to 0.78; RSD 11.0 %).
Although the birds samples mc and a,, were below Fusarium growth
conditions, some of them could be enough for further toxigenic storage
fungi growth as the pet selling food stores room temperature in Southern
Brazil.
Keywords: pet food, fumonisins, moisture content, water activity.

1 Introduction

In recent decades there has been a considerable increaseon the
pet food market worldwide, which is due especially to the increase of
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grain production. Most of the dry pet food is madeon a cereals basis as
source ofenergy and the main raw material utilized is maize, followed
by other grains such as rice, wheat, barley and oats, in smaller quantities
though (Diaz and Boermans, 1994; Scussel, 2002; Brera et al., 2006).
The main problem with the quality of those grains is the mycotoxins
which can be produced by fungi proliferation either in the field or during
storage. Apart from cereals, mycotoxins producing fungi can grow also
on/in other pet food ingredients such as pulses (soybean, peanut, peas),
nuts (walnuts, cashew nuts, Brazil nuts, pistachio), dry fruits (raisins,
apples) and other vegetables (tomato, carrots) (Thompson et al., 2011,
Akande et al., 2006; Pacheco and Scussel, 2007). They can cause a
widevariety of damages to pet’s health due to their different target
organs and the intensity of toxic effects - acute and chronic
mycotoxicosis (Coulombe, 1993; Silva et al., 2009; de Souza and
Scussel, 2012).Despite of toxins being present in the pet food via
inclusion of contaminate draw ingredients, they can get there through
final products exposed to low quality storage and selling conditions.

Field toxigenic fungican produce mycotoxins such as
fumonisins (FBs), deoxinivalenol (DON) and zearalenone (ZON) in
cereals and alternariol (AOH), alternariol methyl ether (AME) and
patulin (PAT) in other vegetables such as fruits and roots (tomato, apple
and carrots) all pet food ingredients. On the other hand, the storage
toxigenic fungi can produce aflatoxins (AFLs), ochratoxin A (OTA) and
citrinin (CTR) in cereals (Pozzi, 2000; Rumbeiha, 2000, Pacheco and
Scussel, 2007). Therefore, it is worth emphasizingthat whenamycotoxin
isfound in food, one must considerthat other mycotoxins may also be
present, in which their interaction may worsen the clinical status of
mycotoxicosis (Rumbeiha, 2000).

Regarding FBs (FB; and FB,), despite the known field
production, they may also be produced by Fusarium genera during
storage, if grain and/or food reaches optimum growth conditions such as
high mc (18 to 29 %) and temperature (15-30°C) (Alberts et al., 1990;
Jouany, 2007; Pitt e Hocking, 2009; Marin et al., 2010). Once pet food
is FBs contaminated, it is difficult to be decontaminated as the food
processing applied cannot guarantee these toxins elimination. As for
other mycotoxins, FBs are temperature resistant (up to 260°C) which
none of the processes applied such as extrusion for dry food (150 to
200°C) and sterilization for wet canned food (121°C) in the pet food
industry can reach (Brera et al., 2006).

Important to emphasize that pets eatsame type of food in a
daily basis (industrialized food), thus more exposed to any contaminant
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that may be present in it, compromising animal’s health. Foods with low
levels of FBs do not result in characteristic clinical signs of
mycotoxicosis, but increase the susceptibility of under current infections
caused by the animal’s immune system suppression and the increase of
neoplasias incidence (Osborne, 1982). FBs have been detected, mainly
in maize, however they have been reported also in other different cereals
in countries worldwide (Voss et al., 2007; Scaff and Scussel, 2004;
Soriano and Dragacci, 2007). Their levels reported vary from as low as
0.01 to as high as 41.1 mg/kg in pet food for different animal species
such as birds, dogs, cats, rabbits and fish (Hopmans and Murphy, 1993;
Scudamore et al., 1997; Mallmann et al., 2010; Martins et al., 2003;
Scussel et al., 2006).

As far as mycotoxicosis and small animals pet veterinarians
treatment are concerned, there are still little discussed and considered
among them regarding the toxicity signs, and only few data on the
incidenceof pets poisoning (CAST, 2003), as well as their level of
contamination in raw materials and final products have been reported,
especially on FBs contamination.

In addition, regulation for mycotoxin in animal feed
worldwide is focused on farm animals with less attention given to pets.
In most of the countries were regulation include pet food, the maximum
tolerance level (MTL) is set in a general way, rather than pet species-
specific (Leung et al., 2006). In Brazil there are only official limit set for
AFLs (50ug/kg) just for farm animals (Brazil, 1988). The only FBs
limits recommended for pets are those set by the Food and Drug
Administration (FDA, 2001) and the European Commission (EC, 2006).
The FDA and EC MTL of FBs (FB: FB; + FB, + FB3) for pets are
10 mg/kg for maize and 5 mg/kg for final products, respectively. Despite
the lack of pet food official MTL set in Brazil, the Association of
Brazilian Food Industries (ABINPET) has developed an Integrated
Program for Pet Food Quality (PIQPET). This guide established high
quality standards for pet food different parameters, inclusive those for
several mycotoxins, which can help the industries to keep their food
products quality and safety on the safe side. PIQPET recommendsan
MTL of FB,+FB, of 5 mg/Kg for finished small animal products
(ABINPET, 2008).

Therefore considering the high inclusion of maize in pet
foods, the known FBs contamination of farm animals feed and the lack
of information regarding FB; and FB, in dogs and birds food, this work
reports an evaluation of (a) FBs contamination of dry food fordogs and
birds sold in Southern Brazil; (b) their ingredients composition
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regarding grain as well as other sources of energy toxin related and the
(c) packaging characteristics that can favor fungi proliferation leading to
possible FBs production during commercialization.

2 Materials and methods

2.1 Materials

Samples: dry food (total: 50) for dogs (30) and birds (20) from
different brands sold in polyethylene bags (bags size: 25 and5 kg,
respectively).

Chemicals: (a) reagents - phosphoric acid (H,PQ,), acetic
acid, potassium  chloride, sodium dihydrogen  phosphate
(NaH,P04.2H,0), sodium hydroxide, 2-mercaptoethanol and o-
phthalaldehyde (OPA) all analytical grade (Vetec, Rio de Janeiro,
Brazil); (b) solvents - acetonitrile (ACN) and methanol (MeOH), HPLC
grade (J.T. Baker, Texas, USA) and ultrapure water (H,O) (Millipore,
Sao Paulo, Brazil); (c) standards - FB; and FB,, 1 mg (Sigma Chemical,
St. Louis, USA).

Equipment: mill (Romer, Miami, USA), vacuum pump
(Tecnal, Sao Paulo, Brazil), blender (Metvisa, Santa Catarina, Brazil),
SPE monifold (Phenomenex, California, USA), heating block (Tecnal,
Sao Paulo, Brazil), oven (Fanem, Sao Paulo, Brazil), analytic scale
(Shimadzu, Kioto, Japan), a, reader (Aqualab, Sao Paulo, Brazil),
solvent filtration system (Millipore, Sao Paulo, Brazil). High
performance liquidchromatography (LC) withfluorescence detector -
FLD (Gilson, Vivier le Bel, France), injector of 20 ul loop(Rheodyne,
California, USA) andreverse phasecolumnC,g with length, inner
diameter, particle size of 250, 4.6,5 mm, respectively (Phenomenex,
California, USA).

Other materials: quaternary amino solid phase extraction
(SPE) cartridges 500 mg packaging size and 6 mL volume (Applied
Separations, United States); nitrogen gas, analytical grade (White
Martins, Rio de Janeiro, Brazil), filter paper Whatman No. 4 (Whatman,
Maidstone, England), desiccators(@ 200 mm), micro syringe (50ulL)
withlock needle (Hamilton, Nevada, USA) and membrane filter 0.45 pum
and 0.45 mm forporosity and diameter, respectively (Millipore, Sao
Paulo, Brazil).

2.2 Methods

Sample collection and preparation: dogs and birds food were
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purchased randomly from six pet stores in Santa Catarina State,
Southern Brazil. Eachsample was grounded in a mill, homogenized and
divided into portions for further analysis. Packaging was kept for labels
ingredients and characteristics data gathering.

Packaging and sample characteristics: data on dogs and birds
(@) food packaging regarding (a.l) vegetable ingredients, either
cereals/seeds/nuts (energy mycotoxin related) and others were obtained
as described on the label composition list, in decreasing order of
inclusion and presentation format of whole or ground (meal/grits), apart
from dry fruits (raisins, apple, carrots, tomatoes) and presence of dye;
(a.2) bags light protection and material type (opaque or translucent),
(a.2) inner atmosphere (vacuum), (a.3) packaging selling integrity and
(b) sample characteristics which were obtained from samples visual
analysis and labels displays.

FBs LC determination: (a) standard solutions —individual FB;
andFB, stock solutions (100ug/ml) were prepared in 10 ml of ACN:
H,O (1:1) according to Viscontiet al. (1994). A series of working FB;
and FB; solutions at increasing concentration and a mix of toxins were
prepared for calibration curves. All were stored in sealed amber vials at-
18 °C. (b) LC determination - the method applied was of AOAC (2005),
art. 995.15. Briefly, portions of ground samples (50 g) were FBs
extracted with MeOH:H,O (3:1) followed by filtration. After pH
adjustment to 5.8-6.5 (with NaOH) extract, was cleaned-up through SPE
(Cyg) cartridge [conditioning - MeOH, washing - MeOH:H,O (3:1),
extract addition/washing- MeOH:H,0O(3:1) & MeOH, then FBs elution -
MeOH:acetic  acid (9.9:0.1)]. The FBs elution extracts were
concentrated in a heatingblock (40°C, under nitrogen flow)and
quantified after OPA derivatization (25 L extract, 225 uL OPA, 2 min)
byLC-FLD  (ex.335nm, em.440 nm) with mobile phase
MeOH:NaH,PO,4(77:23) adjusted to pH 3.3 (with H,PO4)at 0.8 ml/min
flow rate. Method validation procedure was carried out through
calibration curve (linearity, LOD and LOQ), recovery and evaluation of
repeatability/reproducibility. The method LOQ for FB1/FB,/FBs Was
0.04/0.05/0.09 mg/Kg, respectively and recovery was 87+11.5%.

Mc and a,: mc was determined by gravimetric method art.
930.15 of AOAC (2005)(average of 3 data). The a,was obtained by
measuring samples an a,, meter at 25°C.

Statistical analysis: Pearson coefficient of correlation test
(PCCt) was applied to evaluate the correlation between dataof the non
parametric variables of FBs with mc and a,, and thet test Student, for
comparison of FBs detection in dogs and birds food data obtained, with
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significance level of 1 %.
3 Results and discussion

From the dogs and birds dry food data obtained, it was
possible to observe that, apart from maize, rice followed by wheat were
the main carbohydrates energy sources which could be FBs related; FB;
and FB, were present in different levels depending upon the animal food
type and composition; the packaging material and inner atmosphere
were light protective and food inner atmosphere were air, except for one
vacuum bird food sample. The ingredients characteristics mycotoxin
related (cereal/pulses/nuts/seeds), FBs (FB; and FB,) contamination
data; humidity conditions (mc/a,) and inner packaging environment, are
shown in Figure 1 and Tables 1 to 3.

Packaging and samples characteristics

The packaging material utilized for the dogs and birds
samples varied regarding light incidence: in the dog’s food bags the
materials utilized were opaque which can lead to food ingredients light
protection. In contrary, the birds were made with transparent material
which allows light transfer into the food (Table 1).



Table 1. Dry foods for dogs and birds ingredient composition, packaging and samples
label / inner content and their relation to fungi and FBs / other toxins contamination
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characteristics data collected from their

PET FOOD BERANDS
PET FOOD DOGS BIRDS
A B C D E F G H I J K A B C D
COMPOSITION RELATED TO FUNGI AND MYCOTOXINS CONTAMINATION
Cereals /nuts/sesds
Maize (ground) 1#% 4 1 1 2 2 2 2 1 2 1 NA NA 1 1
Maize (gluten meal) 3 1 NA 2 6 4 NA 3 3 1 3 5 3 NA 13
Rice (coarse) NA NA NA NA NA NA 1 NA NA NA NA NA 1 4 2
Rice (broken) 2 NA 4 NA 1 1 NA 1 2 4 2 NA NA NA NA
Wheat (whole NA NA NA NA 5 NA NA NA NA NA 4 NA NA NA NA
graim)
Wheat (meal) 4 3 2 4 4 3 6 4 NA 3 NA NA NA NA g
Oats (preszed) NA NA NA NA NA 9 NA NA NA NA NA 13 NA NA 3
Millet NA NA NA NA NA NA NA NA NA NA NA 3 NA 2 14
Sorghum NA 6 NA NA NA NA NA NA NA NA NA NA 6 NA 10
Sovbean(meal) 5 NA 3 3 3 NA NA 6 NA 5 NA 6 NA 3 NA
Beans (meal) NA NA NA NA NA NA NA 5 NA NA NA NA NA NA NA
Pea NA NA NA 5 NA NA NA NA NA NA NA NA 7 NA NA
Peanuts NA NA NA NA NA NA NA NA NA NA NA 9 2 NA 6
Peanuts skin NA NA NA NA NA NA NA NA NA NA NA 10 NA NA NA
Birdzeed (whole) NA NA NA NA NA NA NA NA NA NA NA 2 NA NA NA
Linseed (whole) 6 7 NA NA 7 NA NA NA NA 6 NA 14 NA NA 7
Pumpkinseed NA NA NA NA NA NA NA NA NA NA NA 11 NA NA NA
Sunflowerseed NA NA NA NA NA NA NA NA NA NA NA g 4 NA 5
Dry fruits/roots/other vegetables/by-products
Dry finnits NA NA NA NA NA NA NA NA NA NA NA 7 NA NA 11
Raisins NA NA NA NA NA NA NA NA NA NA NA NA NA NA 12
Camot 7 3 NA 6 9 7 3 NA NA NA 6 12 NA 7 NA
Tomato NA NA NA NA NA NA 4 NA NA NA NA NA NA NA NA
Apple NA NA NA NA NA NA NA NA NA NA NA 4 NA 6 9
Vegetable oil 8 g NA NA NA 5 NA NA 6 NA 5 1 5 5 4
PACKAGE AND SAMPLE CHARACTERISTICS
Pack size (kg) 20 25 25 20 20-25 13-20 20 23 23 23 25 5 5 5 3
material fipe Pe Pe Bo Pe
Pe2 Pe Pee Pz Pe Pe Pe Pe Pe Pe Pe

Packagin
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rotection o Tr Tr Tr Tr

ht OpP O O Op O O Op O Op Op Op

inner : . : : . : . . . : . vacuum  air air air

air air air air air air air air air  air air

atmosphere

format y B&S 8 R&S )
Particle RS RS& pgys R&B R&T R&T RH&B RS&B R R&S FoILB
. &E H &T

&l () 10 10-20 312 10-13 7412 6-10 12 1520 8 ] 10 3-10 ] -0 2-10

Q‘J'ggddgd‘* v v v v v v v v v v v v v v
Age recomumended AP A A A B A A A P A A Aa Aa Aa Aa
Sanmple mumber  per 1 5 2 2 5 3 2 4 1 2 2 T 2 3 3

brand

total general 30 20

# polyethylene; "adult; ¢ puppy; ® opaque packaging; ©transparent packaging; NA: not added; R:round; S:square; H: heart; T: triangle;
B: bone; BO: bottle; AA: all ages; * food with artificial dyes added: green, red, yellow and orange
** number means the decreasing order of quantities included on the package ingredients list # the higher the number, the lower the
quantity added / the lower the number the higher the quantity added into the pet food final product
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Apart from food lipid oxidation, light can stimulate FBs
production due to temperature enhancement on the substrate (Fanelli et
al., 2012). Regarding the packaging inner atmosphere, all pet food,
except for one bird sample (vacuum treated), had air inside. Despite the
nature of substrate/a,/temperature, the bag gas composition
(air/CO,/N,/vacuum) is the most important parameter that can affect
fungal growth and mycotoxin production post-harvest (Magan, et al.,
2003; Magan and Aldred, 2007). Pet food packaging with air inside can
allow lipid ingredients (fatty acid) oxidation and, if enough mc and a,,
fungi growth. Packaging is an important part of pet food safety and
choice of material, the pack inner atmosphere and the sealing process
can add to it.

As far as sample characteristics, both pets are concerned, as
expected birds had higher size variation due to whole grains and seeds
included than dogs which had all ingredients ground, extrusion cooked
and shaped into similar size pellets. All dogs food had dyed pellets i.e.,
different colorants (artificial dyes) added which, although make pet
food more attractive for animal owners, no effect causes to the animal
preference, except for activating some skin, throat and lungs allergies/
intolerance (example: tartrazine - orange/yellow color).

Regarding carbohydrate energy ingredients, cereals were the
most prevalent with 100 % of maize inclusion in dogs/birds food,
followed by 82/75 % of rice and 91/25 of wheat distributed in the
different brands and samples evaluated. The other grains were in
decreasing order of inclusion: 55/50, 37/50 and 9/50 % of soybean,
linseed - sorghum and oats for dogs/birds, respectively. Figure 1 shows
the percentage of grain-based ingredients apart from other vegetables
added to dogs and birds dry food.
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Figure 1. Percentage of some ingredients mycotoxin related (grains, cereals,
seeds, nuts and dry fruits) added to dogs and birds complete dry foods.

Whole nuts, seeds and dry fruits were present only in the birds
food samples which can be mainly storage mycotoxin related (AFLs,
OTA and CIT).

FB; and FB,contaminationversus pet food regulation

Regarding the pet food samples FB; and FB, contamination,
80 % (24) for dogs and more than a half of the food for birds, 60 % (12)
had levels detected above the method LOQ (0.04/0.05/0.09 mg/kg for
FB1/FBy/FByo, respectively).Levelsvaried for FB; and FB, being the
first higher than the second, ranging for FB;: from 0.04-1.60/0.07-0.64
and for FB,: from 0.04-0.27/0.12-0.45mg/Kg in dogs/birds food,
respectively. In the dogs dry food the percentage of FB; positive
samples was higher (76.7 %) than FB, (43.3 %). On the other hand, in
bird’s food, FB; was present in less than a half (45 %) of the samples,
the same forFB, (30 %) (Table 2).

In a study carried out by Martins et al. (2003) evaluating
mycotoxins in 60 dogs dry foods, FB; was detected in 5 % with levels
ranging from 0.012 to 0.024 mg/kg. On the other hand, Cruz (2010),
evaluating FBs in 24 samples of maize (grain) for the animal feed
manufacturing company, these mycotoxins were detected in 83.3 % of
the samples with an average concentration of 3.27 and 1.30 mg/kg for
FB; and FB,, respectively, levels rather high compared to the previous
authors and the current study in dogs and birds food. Indeed, the
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addition of carbohydrate energy source ingredients shows that maize
and rice were the main source, followed by wheat. Except for rice, those
grains have been reported being field mycotoxin contaminated
(Rumbeiha, 2000; Scussel et al, 2011). Among other sources of
digestible carbohydrates added to dogs and birds food in the current
study, there were also other cereals (sorghum, oats) and pulses (soy)
meals. Also fiber sources ingredients were added such as bran (wheat /
rice) and hulls (soybean). It is important to emphasize that bran and hull
are the first part of the grain that fungi spores can get in contact and the
most contaminated part of the grain, apart from germen (Scussel et al.,
2011). Despite this, the possibilityof the FBs presence and the
contamination levels aredependent on the food type (whether or not
grains, brans and hulls are included), the proportion of an added grain
and its safety.

Regulation: comparing the FBs resultsobtained in the current
study to the MTL levels recommendedby FDA (2001), EC (2006) and
the PIQPET (2008) for pet food, no sample had levels higher thanthose
recommended, although 80 and 60 % where detected higher than the
method LOQ. One of the reasons may be the increase of rice inclusion
as the carbohydrate energy source to the pet food produced in Brazil
which, apart from being cheaper than maize and easier to get in the
country due to its high production for human consumption as staple
food, it has been reported being less FBs contaminated (Brera et al.,
2006). Indeed, rice is not a good substrate for Fusarium and those toxins
have not been reported in detectable levels, different of maize
worldwide.

Pet exposure and toxic effects: as far as pet’s health and low
levels of FBs are concerned, it is important to emphasize, that the pets
intake of industrialized foodis continuous; therefore the presence of FBs,
even in small amounts in the food, can lead the animal to a continuous
exposure to that contaminant. Long-term exposure is known to produce
cumulative damages over the years. Exposure to 1.75 mg of FB/kg/day
is lethal for rabbits, resulting in liver and kidney toxicity. For equine
FBs can cause leukoencephalomalacia and cerebral hemorrhage with a
minimum dose of 5mg/kg of FB; and may lead to development of neural
tubes defects in rats (Riley et al., 1994; Haschek et al., 2002; VVoss et al.,
2007).
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Table 2. Dry food for dogs and birds levels of fumonisins, moisture content and water activity in samples of different brands sold

in Southern Brazil

DRY PET -
FOOD FE (me/Ks) et (%) a.
FE; FB, T FBs
Anima Brand Awvera Min' sD - Mhn' Awverag Min' S Awer Mim ! SD=' Awera M/ sD
=e max . SAverage max e max - age max - =e max -
DOGS
A MD*® MAS MA MDD MA MA ND MA NA g5 2.1/9.0 063 0.58 ).37M0.59 0.1
4
B Q.18 0.04/061 0.2 0.132 0.04/02 0.321 0.06/091 03 9.0 .59 Q055 0.58 ).55/0.61 0.0
4 o 4 2
c Q.53 0.1 0.315 D.0400.585 0.83 0.64/1.02 0.2 2.0 8.5 0.56 0.63 ).60/0.65 0.0
043064 4 e ) e ) A -1 : : - o e : i |
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G 0.14 3 B 0.095 304015 0.22 0.05/0.39 4 9.0 5.2 1.9 0.65 148 S
ae 012716 0.6 S a.8 - - - e - 0.0
H Q.75 0 p Q.16 00401 0.89 0.12/2.00 4 24 24/8.5 0405 0.60 ).55/M0.65 4
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3 2 3 2. 7 ]
003 003003 NA 004 00400 WA 008 008 NA 109 1021 1.06 065 03907 0.0
E -
4 (8 1.7 1 ]
0.0 - - 0.2 10.2/1 0.53/07 0.5
3 13 17
C 0.03 003005 1 017 004045023 022 E.EIE 0. 7 11.1 11 1.66 0.60 1 ‘
jB] 007 003402 00 014 004044 015 01% 0080 01 119 1071 094 070 03607 040
7 g 44 4 40 g ]
Total samples 20
Positive (%) (43 6 {30) 12 (60) NA(NA) NA (NA)
=MTL' 0 0 0 NA Na
Averaps (min/ 009 (0.04/0.27) 0.32(0.12/0.43) 0.22(0.04/0.50) 11.7{10./14.0) 0.67{0.53/.78)
max)
SDF (RSDA™)  0.07(78) 0.13 {40) 0.16(73) 1.05(%) 0.07(11.0)

# fumonisins (FB,, FB, & FBgy
LOQ: 0.04, 0.05 & 0.09 mg/Kg)
® moisture content
‘wateractivity

“ not detect

® not applicable

"Maximum Tolerable Level [USA max. recommended

level for maize pets: 10mg/kg (FDA, 2001)
EU max. recommended level for pet foods 5 mg/kg

(EU, 2006)]

9standard deviation

"relative standard deviation
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Mcf/a,, and the risk of FBs / other toxins contamination in dogs and birds
dry food

Mc ranged from as low as 7 to as high as 14% and 0.5 to 0.8
for a, in both pet foods. Birds food samples had higher mc (10 to 14%)
than dogs (7 to 10.5%) which may be explained by the different
packaging material utilized (birds: transparent and O, permeability;
dogs: 2 layers of polyethylene and flexible aluminum foil. Also their
samples characteristics: for birds there were whole seeds and grains,
also nuts without extrusion, on the other hand for dogs the dry food had
ground grains and ingredients that were extruded - high temperature
processing (150 to 200°C) and pressure (34 to 37 atm), which also
reduces moisture. Values lower than < 12% for mc are considerable safe
to control biological contaminants development such as insects, mites,
bacteria and fungi (Crane et al., 2000; Gallo et al., 2002; Scussel, 2002).
Therefore, regarding mc in the present study, out of the total of dogs
food evaluated, all of them (100 %) had mc < 12 % (RSD: 9.9 %). In
contrary, the birds food had about half (51 %) of them > 12 % (RSD:
9 %), reaching a maximum of 14 % which should be of concern as
toxigenic storage fungi could grow producing AFLs, OTA and CTR in
substrates such as cereal, pulses, nuts and dry fruits (all ingredients
present in birds food). Regarding a,, the values ranged from 0.48 to 0.65
and 0.53 to 0.78 for dog and bird food, respectively. This measure is the
main factor responsible for final products deterioration and favors
microbial growth. Fungi are more tolerant to low a,, than bacteria and
yeast. In general, fungal growth occurs in a, varying from 0.65 to 1.0
and for mycotoxins production, from 0.79 to 0.90 (Jouany, 2007; Pitt
and Hocking, 2009). In the current study 75% of the bird samples had
aw > 0.65 which allow fungi growth. Under these birds food humidity
conditions (mc and a,), it is possible to find microbial growth and
mycotoxins.

Considering the characteristics of pet food composition, some
ingredients are quite prone to absorb humidity (grain/dry fruits) in rainy
or high relative humidity days. That condition allows fungi growth if
together with high temperature. The PCC testperformed to investigate
any correlation between the FB;, FB,, mc and ayvariables obtained in
the dogs and birds food are in Table3.
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Table 3. Coefficient of correlation between fumonisins, moisture content and water activity in dog and bird food commercialized
in Santa Catarina State, Southern Brazil

Pet food
Parameters PCCt? Dogs Birds
S FBs” Mc° ay” > FBs” mc aw
>'FBs cc? 1 -0.027 0.290 1 0.013 0.495
P value' 0.888 0.120 0.957 0.026
N¢ 30 30 30 20 20 20
mc CC -0.027 1 0.620 0.013 1 0.254
P value 0.888 0.000 0.957 0.281
N 30 30 30 20 20 20
aw CC 0.290 0.620 1 0.495 0.254 1
P value 0.120 0.000 0.026 0.281
N 30 30 30 20 20 20
® Pearson correlation coefficient test ° moisture content ¢ correlation coefficient

® YFBs = FB,+FB, ¢ water activity 'P<0.05 Ynumber of samples
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There was a strong positive correlation between FBs and mc in
foods for dogs (P =0.888) and birds (P =0.957). This correlation is
important as FBs can be produced in pet food stored at inadequate
moisture conditions (high mc) allowing development of Fusarium
spp.and possible mycotoxin production (Rumbeiha, 2000; Orsi et
al.2000).

4 Conclusion

The FBs levels in the dogs and birds food positive samples
were lower than the MTL reported in literature. One of the reasons of
low FBs may be the increase of rice inclusion as the carbohydrate source
which is cheaper than maize and easy to get in Brazil. Indeed, for
Fusarium growth, rice is not a good substrate and those toxins have not
been reported in detectable levels in that grain.

In addition, the mc and a,, detected in the samples, were not
high enough for Fusarium growth. The extrusion process which is
applied in the pet food production highly reduces the moisture
increasing feed stability for fungi to take place.

FBs, evenin small quantities, continuous exposure of pets to
these toxins, due to their monotype diet, can lead to development
ofchronic diseases, including neoplasias. Pet food monitoring to keep
bellow levels the MTL is important to ensure the safety to minimize
fumonisin-related diseases and problems with pet’s health.
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Resumo

O presente trabalho reporta a qualidade e segurangca de alimentos
completos secos destinados a cdes produzidos no Brasil e
comercializados em embalagens seladas, quanto a presenga de
contaminantes bioldgicos: (a) insetos, acaros e pélos de roedores
(sujidades leves); (b) fungos e seus principais géneros (deteriorantes e
toxigénicos), bem como (c) niveis de contaminacdo por fumonisinas
(FBs=FB;+FB;). Do total de amostras analisadas, 87,1% apresentaram
sujidades leves. Fragmentos de insetos foram observados em 80,6% das
amostras, indicando exposicdo da matéria prima a insetos antes do
processamento. Os acaros estavam presentes em 51,6% das amostras,
podendo desencadear reacdes alérgicas aos animais expostos ao
alimento contaminado. Pé&los de roedores ndo foram encontrados.
Importante salientar que essas sujidades biologicas sdo veiculadoras de
micro-organismos, favorecendo a disseminagdo e crescimento
bacteriano e flngico. Com relacdo aos ensaios micolégicos foi
observado contaminagao por fungos em 100% das amostras, porém com
carga fangica (1,0x10° a 1,1x10° UFC/g) em niveis aceitaveis ao
preconizado no Brasil (<10%). Foram isolados os géneros Aspergillus
(80,6%) e Penicillium (54,8%), considerados fungos de armazenagem e
importantes produtores de micotoxinas. Os niveis de FB; variaram de
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0,074 a 0,597 mg/Kg (média: 0,052 mg/Kg; DP: 0,115; DPR% 230),
apresentando frequéncia em amostras para filhotes (33,4%) e adultos
(32%), com valores médios de 0,035 e 0,056 mg/Kg, respectivamente.
Para o controle desses contaminantes bioldgicos e seus metabolitos é
necessario aplicacdo de boas praticas em todas as etapas de producéo,
armazenagem e principalmente na selecdo das matérias primas antes do
processamento.

Palavras-chave: insetos, &caros, alimentos secos, cdes, fungos,
micotoxinas

Abstract

This work reports the quality and safety of complete dry dog food
produced in Brazil and sold in sealed packages for the presence of
biological contaminants: (a) insects, mites and rodent hair (light filth),
(b) fungi and its main genera (spoilage and toxigenic) and (c) levels of
fumonisins contamination (FBs = FB1 + FB2). Of total samples
analyzed, 87.1% had some light filth. Insect fragments were observed in
80.6% of samples, indicating raw material exposure to insect before
processing. Mites were present in 51.6% of samples, which can cause
allergic reactions in animals exposed to contaminated food. Rodent hair
was not found. Important to emphasize that the biological light filths are
carriers of microorganisms, favoring the bacteria and fungi growth.
With respect to mycological tests, fungal contamination was observed in
100% of the samples, whereas with the fungal load (1.0 x10, to 1.1 x10
CFU/g) at acceptable levels that recommended in Brazil (<10%.
Regarding fungi genera, the most isolated were Aspergillus (80.6%) and
Penicillium (54.8%), considered storage fungi and important
mycotoxins producers. FB; levels ranged from .074 to .597 mg/kg
(mean: 0.052 mg/kg, SD = 0.115; RSD 230%), with frequency in puppy
samples (33.4%) and adults (32%), with values average 0.035 and 0.056
mg/kg, respectively. To control these biological contaminants and
metabolites is necessary implementation of good practices at all stages
of production, storage and especially in the selection of the raw
materials before processing.

Key words: insects, mites, dry food, dogs, fungi, mycotoxins

Introdugéo
A presenca de contaminantes biolégicos nos alimentos é um

indicativo de descuido no controle higiénico-sanitario durante as fases
qgue envolvem desde a obtencdo e selecdo da matéria prima,
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industrializacdo (manipulagdo, processamento e embalagem) até
armazenamento, transporte e comércio do produto acabado (BOESE;
CHICOWICZ, 1995). Dentre os contaminantes biolégicos comumente
encontrados em alimentos, podem ser citados 0s insetos, acaros, pélos
de roedores (considerados sujidades leves) — importantes veiculadores
de micro-organismos e seus metabolitos (toxinas).

A pesquisa de sujidades bioldgicas presentes nos alimentos é
importante indicadora da qualidade fisica, sanitaria e nutricional do
produto (GREDILHA et al., 2005). Esses agentes sdo responsaveis pela
perda de qualidade sensorial (deterioracdo da matéria prima) e sdo
considerados importantes veiculadores de contaminantes
microbioldgicos (bactérias e fungos patogénicas e/ou toxigénicas)
(BRASIL, 2003). Por esta razdo a microscopia vem sendo adotada como
pratica corrente na avaliagdo de qualidade e seguranga dos alimentos
(DOS SANTOS et al., 2000; GREDILHA et al., 2005). Sdo exemplos de
sujidades biolégicas leves os acaros (artropodes do filo Arachnida),
larvas, insetos (seus ovos e fragmentos), além de pélos de roedores
(LORINI, 2002; BRASIL, 2003).

A sujidade leve mais comumente encontrada em alimentos sdo
insetos e seus fragmentos. A presenca dessas sujidades em alimento para
animais de companhia pode ser um indicativo de falhas no processo de
fabricacdo, desde a selecio da matéria prima (proliferagdo de insetos no
campo e/ou seu armazenamento inadequado na fabrica), até falhas no
processamento e armazenamento do produto final (VARGAS;
ALMEIDA, 1996). Os insetos sdo importantes agentes responsaveis pela
deterioragdo dos grdos e alimentos, pois estdo implicados nas perdas de
matéria seca, devido a utilizacdo das reservas de amido (fonte de
carboidratos), proteinas e o6leo (fonte de lipidios) (VARGAS;
ALMEIDA, 1996; LORINI, 1998). E consideravel também o potencial
desses insetos na veiculagdo de micro-organismos (BRASIL, 2003),
tanto deteriorantes quanto patogénicos (SINGHI; SETHI; SHARMA,
1980), além de propiciar a proliferacdo e aparecimento de fungos e
producdo de micotoxinas, que permanecem nos alimentos finais
(VARGAS; ALMEIDA, 1996; LORINI, 1998, 2002).

Os &caros detectados em alimentos sdo considerados &caros de
armazenamento. Os alimentos secos destinados a animais de companhia
possuem caracteristicas que 0s tornam muito propicios ao
desenvolvimento desses &caros, principalmente por apresentar alto teor
de cereais, composicdo rica em gorduras e proteinas (substratos
importantes para seu crescimento). Além disso, por conter um teor de
umidade intermediario, favorece o crescimento de fungos - fonte de
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alimento para os &caros de armazenamento (BRAZIS, 2011). Esses
agentes podem desencadear reacBGes alérgicas nos animais tanto por
contato, ingestdo de alimento contaminado ou inalag&o. E considerada a
causa mais freqliente do quadro de dermatite atopica canina. Os
principais  4caros que constituem esse grupo Sd0  OS
Tyrophagusputrescentiae, Acarus siro e Lepidoglyphus destructor. O
seu controle geralmente é dificultado pelo fato de eles passarem
despercebidos, devido ao seu tamanho reduzido (LORINI, 1998;
FLECHTMANN; ZEM, 2002; BRAZIS, 2011).

A presenca de pélos de roedores nos alimentos é um
indicativo do contato desse animal em alguma etapa de obtengéo e/ou
producdo do alimento. Os roedores constituem sério problema em todas
as fases de processamento, producdo e armazenamento de géneros
alimenticios. Além da perda de alimento devido ao consumo por estes
animais, normalmente ocorre a contaminacdo pela presenca de seus
pélos, fezes e/ou urina. Os roedores podem ser transmissores em
potencial de uma série de doencas bacterianas, virais e flngicas
(FERREIRA, 2011).

Com relacdo aos fungos presentes em alimentos, podem
predominar nas matérias-primas os fungos de campo dos géneros
Alternaria, Cladosporium, Fusarium e Helminthosporium (LI et al.,
2000; SCUSSEL, 2002; SCUSSEL et al.,, 2011). Existe pouco ou
nenhuma possibilidade de controle sobre as condi¢des que favorecem o
desenvolvimento destes fungos, pois eles invadem a cultura durante os
estadios finais de maturacdo (DE SOUZA KOERICH; SCUSSEL,
2013). As toxinas produzidas por fungos dos géneros Alternaria e
Fusarium sdo o alternariol e alternariol metilico; fumonisinas (FBs),
zearalenona, desoxinivalenol, respectivamente. Por outro lado, os
fungos de armazenagem (Aspergillus, Penicillium, Rhizopus e Mucor)
sdo encontrados em grande nimero em armazéns, moinhos, silos,
moegas, elevadores e equipamentos (SCUSSEL, 2002; LORINI, 2002),
contaminando as matérias primas utilizadas na producéo de alimentos.
Causam também danos aos produtos finais se as condicGes de
armazenagem forem impréprias & manutengdo da qualidade dos
mesmos.

Com relacdo as sujidades e favorecimento na producdo de
micotoxinas em alimentos para animais de companhia, importancia deve
ser dada as micotoxinas produzidas no campo (principalmente as FBs),
onde a presenca de insetos e outros vetores propiciam a proliferacdo
fangica e producdo desses metabolitos. As FBs sdo produzidas
principalmente por Fusarium verticilioides e F. proliferatum (JECFA,
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2001; SCUSSEL, 1998, 2002). Os grédos oferecem boas condi¢des para
sua presenca, principalmente o milho, sorgo e trigo (CRUZ, 2010).
Apresenta elevado potencial de risco de intoxicagdo aos animais de
companhia, ja que a formulagdo de seus alimentos é principalmente a
base de milho (DE SOUZA KOERICH; LUCHTENBERG;SCUSSEL,
2013; DE SOUZA KOERICH; SCUSSEL, 2013), além da dificuldade
de degradacdo das toxinas apds contaminagdo do alimento. Os LMTs
recomendados de FBs para animais de companhia estabelecidos pela
agéncia americana Food and Drug Administration (FDA, 2001) e pela
European Comission (EC, 2006) para FBi. (FB; + FB, + FB3) é de
10 mg/kg para o milho e 5 mg/kg para produtos finais, respectivamente.

A analise de matérias microscépicas presentes nos alimentos e
0 conhecimento da presenca de sujidades biologicas leves (insetos,
acaros e pélos de roedores) devem ser baseadas em aspectos
relacionados ao risco a saude (BRASIL, 2003). A biodiversidade
fangica e os padrdes de formacdo de micotoxinas de campo também sao
importantes para o desenvolvimento de procedimentos de controle e
prevenc¢do de sua contaminacdo - desde a producdo da matéria prima no
campo até as condi¢cBes de armazenamento do produto final, evitando
danos diretos ou indiretos a satide dos animais (DE SOUZA KOERICH;
SCUSSEL, 2013).

Considerando que ndo existe legislagdo especifica em
alimentos para animais de companhia no pais, o presente trabalho
objetivou avaliar a qualidade e seguranga de alimentos completos secos
para cdes adultos e filhotes produzidos e comercializados no Brasil
guanto a insetos, acaros e pélos de roedores - carreadores de
contaminantes bioldgicos; fungos e seus principais géneros -
responsaveis por deterioracdo e toxinas e sua relagdo higiénico-sanitario
com as etapas de processamento.

Material e Métodos
Material

Amostras: alimentos secos (31) para cdes adultos (25) e
filhotes (06) de diferentes marcas, fabricadas e comercializadas no
Brasil em embalagens seladas de polietileno, com quantidade
aproximada de 300 a 400g.

Quimicos: (a) reagentes: éacido cloridrico (HCI), é&cido
fosférico, cloreto de potassio, &acido acético, fosfato de sodio
monobaésico, hidroxido de sédio, 2-mercaptoetanol, o-ftalaldeido (OPA),
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todos grau analitico (Vetec, Rio de Janeiro, Brasil); (b)
solventes:isopropanol 40%, acetonitrila (ACN) e metanol (MeOH) grau
HPLC (J.T. Baker, Texas, EUA) e agua ultrapura (Millipore, Séo Paulo,
Brasil); (c) padrdes: FB; e FB, 1 mg (Sigma Chemical, St. Louis, EUA).

Meios de cultura: peptona bacterioldgica e agar extrato de
malte (MEA) (HIMEDIA, Mumbai, india).

Equipamentos: balancas analitica e semi-analitica (Shimadzu,
Kioto, Japdo), moinho (Romer, Miami, USA), estufa bacteriol6gica
(Fanem, S&do Paulo, Brasil), agitador magnético com aquecimento
(Marconi, Sdo Paulo, Brasil), bomba a vacuo (Tecnal, Sdo Paulo,
Brasil), capela de fluxo laminar (Veco, Campinas, Brasil), microscopios
Optico e estereoscopico (Carl Zeiss, Jena, Alemanha), liquidificadores
de aco inoxidavel (Metvisa, Santa Catarina, Brasil), agitador magnético
com aquecedor (Tecnal, S&o Paulo, Brasil), homogeneizador de
amostras stomacher (Interscience, St. Nom, Franga), contador de
coldnias manual (Phoenix, S&o Paulo, Brasil), sistema de filtracdo de
solvente (Millipore, S&o Paulo, Brasil) e sistema de cromatografia
liquida de alta eficiéncia (CLAE) composto de injetor com loop de 20 pl
(Rheodyne, California, EUA), bomba isocratica, detector de
fluorescéncia - FD (excitagdo 335 nm; emissdao 440 nm) (Gilson, Vivier
le Bel, Franca) e coluna cromatografica de fase reversa C;g com
comprimento, didmetro interno de 250 x 4,6 mm, respectivamente, e
tamanho de particula de 5 um (Phenomenex, California, EUA).

Outros materiais: frasco armadilha de Wildman, frascos de
vidro com tampa de polietileno, peneiras granulométricas (mesh 0,250
mm) (Bertel, S&o Paulo, Brasil), cartuchos de extracdo em fase sélida
(SPE) 500mg/émL (Applied Separations, Pensilvania, EUA), gas
nitrogénio grau analitico (White Martins, Rio de Janeiro, Brasil), filtro
de papel Whatman n°4 (Whatman, Maidstone, Inglaterra) e membrana
de filtro de 0,45 e 0,45 mm de didmetro e porosidade, respectivamente
(Millipore, S&o Paulo, Brasil).

Métodos

Coleta e preparo das amostras: foram coletadas
randomicamente, triturados e homogeneizados. De cada amostra
coletada foram separadas por¢des de 50, 25, 50 g para analises de
sujidades bioldgicas leves, ensaios micolégicos (contagem total de
fungos e identificacdo de género flngico) e pesquisa de FBs,
respectivamente.

Identificacdo e contagem total de sujidades bioldgicas leves:
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foi aplicado 0 método de flutuacdo 970.71 (16.14.12) (AOAC, 2005). O
método consiste na extracdo de acaros e sujidades leves (pélos de
ratos/insetos/larvas) pela hidrélise acida do alimento (com HCI). A
amostra (50g) foi adicionada em béquer com &agua destilada e HCI e
submetida a agitacdo magnética com aquecedor para realizacdo da
digestdo &cida. Apds, foi realizada filtracdo da amostra com peneira
granulométrica (mesh 0,250 mm) e material transferido para o frasco
armadilha com isopropanol 40% e HCI. A separacdo foi baseada na
propriedade oleofilica-hidrofébica dessas estruturas apds adi¢do 50 mL
de 6leo mineral. O frasco armadilha foi completado com isopropanol
40%, realizado filtracdo e andlise em microscopio estereoscépico do
material retido.

Ensaios micolégicos: (a) contagem total de fungos (APHA,
2001): porcdo de 25g da amostra foi separada e acondicionada em saco
para homogeneizacdo estéril, diluida com &gua peptonada (1%) e
homogeneizada em equipamento stomacher. Em seguida foi realizado o
plagueamento de superficie em meio MEA em capela fluxo laminar (em
duplicata). Ao final do plaqueamento, as placas foram incubadas em
estufa a 25+1°C por um periodo de 5 dias. Apds o crescimento foi
realizada a contagem total de coldnias e resultado expresso em UFC/g.
(b) identificacdo dos géneros flngicos: foi realizada pela técnica de
cultura direta das amostras também em meio MEA para o isolamento
dos géneros flngicos. As coldnias isoladas foram repicadas e incubadas
a 25°C por 3 dias para observagdo da micromorfologia pela técnica de
microcultivo (WEBER; PITT, 2000) sob microscopio optico, visando a
identificacdo de género pelos critérios de taxonomia de Raper e Fennell
(1965) e Pitt e Hocking (2009).

Pesquisa de FBs: a amostra (50g) foi submetida as etapas de
extracdo, limpeza, concentracdo e quantificacdo por fluorescéncia - FD
conforme art. 995.15 descrita no AOAC (2005). (a) solucdes padréo:
solucbes de FB; e FB, (100 pg/mL) foram preparadas em 10 mL de
ACN:H,0 (1:1) de acordo com Visconti et al. (1994) e armazenadas em
frascos ambar a -18 °C; (b) etapa de extracdo: foi realizada pela adi¢édo
de MeOH/agua (3:1) e homogeneizacdo em liquidificador. Apos
filtracdo, foi realizada a (c) limpeza do extrato utilizando coluna SPE,
com condicionamento da coluna com sucessivas passagens de MeOH e
MeOH:4gua (3:1), aplicacdo da amostra, retirada dos interferentes com
adicdo de MeOH:4gua (3:1) para posterior eluicdo das FBs com
MeOH/acido acético (99:1) sob gravidade; (d) etapa de concentragéo:o
extrato foi concentrado em bloco aquecedor com fluxo de nitrogénio
gasoso a 40°C; (e) etapa de derivatizagdo: amostra foi suspensa com
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MeOH e derivatizado, com solugdo de OPA (25 L de extrato, 225 pL
OPA, 2 min) e (f) etapa de deteccdo e quantificacdo: o extrato foi
injetado no CLAE equipado com FD (A = exc. 335 nm e em. 440 nm) e
coluna Cqg. A fase movel utilizada foi MeOH:fosfato monobasico de
sodio (77:23) com fluxo 0,8 ml/min. O limite de deteccdo (LOD) para o
método foi de 0,006/0,014/0,024 mg/kg e limite de quantificacdo (LOQ)
de LOQ: 0,021/0,044/0,065 mg/Kg para  FB1/FB,/FBtal,
respectivamente, e a recuperacao foi de 87+11,5%.

Resultados e discussao

Dos dados obtidos quanto a presenca de sujidades bioldgicas
leves, carga fingica e niveis de FBs, foi possivel observar variages na
qualidade higiénico-sanitaria e seguranca das amostras de alimentos
para cdes avaliadas. A Tabela 1 e Figura 1 apresentam o0s dados
qualitativos e quantitativos dos diferentes pardmetros avaliados,
enquanto que a Figura 2 ilustra dois tipos de contaminantes bioldgicos
mais encontrados nos alimentos completos analisados.

Sujidades bioldgicas leves - indicadores de alteracBes higiénico-
sanitarias

A presenca de sujidades leves nos alimentos secos para cées é
considerada um indicativo de descuido com o controle higiénico-
sanitario durante a colheita e armazenamento da matéria prima, bem
como no processamento, incluindo, a eficiéncia no acondicionamento do
produto final e sua comercializacdo. Na avaliacdo realizada no presente
estudo, 87,1% (27) das amostras continha alguma sujidade biolégica,
sendo que somente quatro amostras para cdes adultos ndo apresentaram
contaminacdo. Quanto aos tipos de sujidades, 42% (13) apresentaram
presencga de sujidades individuais e 45% (14) das amostras continham
dois tipos de sujidades concomitantemente (fragmentos de insetos e
acaros) (Figura 1). Por outro lado, pélos de roedor e ndo foram
encontrados nesse estudo, indicando que tanto a matéria prima como o
produto final ndo tiveram contato com a urina e/ou fezes do roedor
(importantes veiculadores de leptospirose).

(a) Insetos: fragmentos de insetos foram observados em 80,6% das
amostras, indicando exposicdo da matéria prima a insetos antes do
processamento. A identificagcdo desses fragmentos possibiliou classificar
0s insetos como pertencentes a ordem Coleoptera, normalmente
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encontrados nos grdos (Rhyzoperthadominica, Sitophilus zeamais e
Sitophilus oryzae: gorgulho dos cereais, milho e arroz, respectivamente).
S&o consideradas espécies daninhas a agricultura (pragas relevantes em
plantagdo desses cultivos), infestando grdos no campo e durante o
armazenamento, contribuindo para a disseminacdo de microoganismos
(bactérias e fungos deteriorantes, patogénicos e toxigénicos) (LORINI,
2002). Em estudos realizados por de Souza Koerich et al. (2010),
pesquisando sujidades leves em alimentos secos para cédes, contudo
comercializados a granel, foi identificado um porcentagem maior de
sujidades (em 94% das amostras) se comparada com o presente estudo
(amostras embaladas e seladas). Os autores registraram fragmentos de
insetos em 87,5% das amostras (na faixa de 1-10 e 11-30 fragmentos em
85,8 e 14,2% das amostras, respectivamente). Durante a moagem,
mistura e/ou processamento de matérias primas, 0s insetos sao,
geralmente, quebrados em pequenos fragmentos, o que auxilia na
localizacdo e identificacdo da etapa em que eles estiveram em contato
com o alimento (VARGAS; ALMEIDA, 1996). Pelos dados obtidos, é
provavel gue essa contaminacdo por insetos ja estivesse presente na
etapa de obtencdo da matéria prima (proveniente do campo). Esses
insetos podem favorecer o crescimento flngico pelos danos causados
aos graos e consequentemente, producdo de micotoxinas (FBs), se em
condicdes adequadas de temperatura (15-30°C) e umidade (entre 18 a
29%) (PITT; HOCKING, 2009; MARIN et al., 2010). Entre osdanos
causadospela presenca deinsetosna alimentagdo animal estdo também os
riscos decontaminacdo bacteriana pela sua disseminacdoe a perda de
qualidade nutricional do produto, ambas prejudicandoa saddedos
animais (GREDILHA et al., 2005). Essa preocupacdo se estende aos
alimentos para filhotes analisadas no estudo, ja que todas as amostras
continham algum tipo de sujidades (incluindo insetos). Lembrando que
animais em fase de crescimento ndo possuem o sistema imunolégico
completamente desenvolvido.

Pelo fato de ndo ter sido encontrado insetos inteiros nas
amostras, esses dados indicam que ndo houve contaminagdo por insetos
nas etapas finais de armazenamento e transporte, e sim antes ou durante
0 processamento de amostras. Também indica um bom armazenamento
dos produtos finais no comércio varejista, ja que a embalagem e selagem
utilizadas foram resistentes e inviabilizaram acesso de insetos ao interior
do produto.

(b) Acaros: com relacdo & presenca de &caros, estes foram detectados em
51,6% (16) das amostras, conforme indicado na Tabela 1 e Figuras 1 e
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2.0s &caros de armazenamento (Tyrophagusputrescentiae, Acarus siro e
Lepidoglyphus destructor) sdo os mais comumente encontrados em
cereais, matérias primas utilizadas para a producdo de alimentos para
animais de companhia (LORINI, 2002; DE SOUZA KOERICH,;
SCUSSEL, 2013). Esses alimentos secos contém um conteldo de
umidade intermediaria (em torno de 10%) e sdo ricos em teores de
gordura e proteina, 0 que 0s torna suscetiveis a crescimento de fungos,
proporcionando condicOes ideais para o aparecimento de acaros - ja que
os fungos servem de alimento para acaros de armazenamento (BRAZIS,
2011). Em um estudo de avaliacdo da presenca desse tipo de &caro
realizado em 283 centrais de distribui¢do de cereais, 0s mesmos foram
encontrados em 81% dos estabelecimentos. Em outro estudo envolvendo
178 fabricas de racBes para animais de producdo, acaros de
armazenamento foram encontrados em 89% das instalacfes
(PRICKETT, 1992; 1994). Na Inglaterra, também foram encontrados
acaros, nesse caso, em 100% (36) das amostras de racdo para animais de
producdo - bovinos e ovinos (CHAMBERS et al., 1999).As principais
causas do seu aparecimento sdo as condi¢des de armazenagem,
relacionadas com o grau de limpeza dos depdsitos, umidade relativa do
ambiente, temperatura e infestacdo de insetos nas matérias primas
(LORINI, 1998; 2002, FLECHTMANN; ZEM, 2002). Convém
enfatizar que a proliferacdo de &caros também pode ocorrer em
condi¢des domiciliares, desde que os alimentos para o animal de
companhia sejam armazenados em condi¢fes inadequadas (embalagens
abertas, expostas a condi¢cGes ambientais adversas - umidade relativa do
ar de 75 a 87% e temperatura de 25 a 30°C). Num estudo realizado por
Brazis et al. (2008) para avaliagdo dessa contaminacdo em alimentos
com embalagens abertas e expostas ao ambiente, alimentos secos
comerciais de diferentes marcas foram armazenados durante seis
semanas com suas embalagens abertas em ambiente domiciliar. Como
resultado, foi observado presenca de acaros em 90% das amostras, sendo
mais prevalente 0 género Tyrophagus spp. Importante enfatizar que cées
e gatos podem ser expostos aos acaros tanto pelo contato, ingestdo ou
inalacdo, podendo desencadear reagdes alérgicas. Essa exposi¢do é
considerada a causa mais freqlente do quadro de dermatite atdpica
canina, podendo causar sinais patogénicos ndo sazonais, incluindo
prurido, eritema e otites de repeticdo em cdes e gatos. Em estudo
realizado nos Estados Unidos, Arlian, Schumann e Morgan (2003)
relataram que 94% de um grupo de cdes atopicos exibiram IgE
especifica contra estes acaros, principalmente Tyrophagus, enquanto
que, em outro estudo na Franca (BENSIGNOR; CARLOTTI, 2002)
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mostrou que 46% de um grupo de cdes atopicos, testados
intradermicamente, apresentou reacfes positivas aos acaros de
armazenamento, sozinhos ou em combinacdo com os acaros.

Legislacdo: é importante ressaltar que no Brasil ndo ha
legislacéo especifica para o cumprimento dos pardmetros microscopicos
e presenca de sujidades biologicas leves em alimentos destinados a
animais de companhia. Na auséncia de parametros especificos para
animais, os resultados observados no estudo foram comparados a
Resolu¢do RDC n° 175 de 08/08/2003 (BRASIL, 2003) que estabelece
as disposicbes gerais para avaliacdo de matérias macroscépicas e
microscoépicas prejudiciais a sadde humana em alimentos embalados. As
sujidades bioldgicas leves identificadas em alimentos para cdes (como
fragmentos de insetos e acaros) sdo consideradas prejudiciais a salde
humana (e indiretamente, risco a salde animal) pelo fato de serem
considerados importantes vetores mecanicos de contaminantes
alimentares (fungos, virus, bactérias). A omissdo no controle sanitario
do processamento e armazenamento desses alimentos reforca a
preocupacdo dos cuidados que devem ser realizados quanto a aquisicao
da matéria prima, producdo e armazenagem desses alimentos
industrializados. Para que se previnam essas contaminacdes, €
necessario manter o controle higiénico-sanitario em todas as etapas de
producdo, armazenamento e distribuicdo do alimento, conforme
estabelecido na Instrugdo Normativa n° 4, de 23/02/2007 (BRASIL,
2007), que estabelece as condigdes higiénico-sanitarias e de boas
praticas de fabricacdo para estabelecimentos fabricantes de produtos
destinados a alimentacdo animal.

Fungos - indicadores de deterioracao e toxinas

Foi observado crescimento de fungos em todas as amostras
analisadas, assim como foram identificados com maior frequéncia, os
géneros Aspergillus e Penicillium (Tabela 1).

(a) Contagem total de fungos: a avaliagdo da carga fangica tem sido um
bom indicador de condic&o de higiene sanitéria de alimentos comerciais
para animais de companhia. Os danos causados por fungos normalmente
estdo relacionados com perdas nutricionais de matérias-primas e
deterioragdo de produtos acabados. Na determinacdo da contagem total
de fungos presentes nas amostras de alimentos para cdes foi observado
que todas apresentaram contaminacgdo, provavelmente devido ao fato
dos cereais utilizados para a produgdo do alimento de animais de
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companhia ser bons substratos para seu crescimento (Gonzélez,
FRANCOIS; RENAUD, 1997). Os niveis de contaminacdo variaram
entre 1,0x10? e 1,1x10° UFC/g (DP 247,1; DPR% 111,71). A mais
elevada contaminagéo flngica foi observada em uma amostra, para cées
adultos (1,1x10°UFC/g), que estava acondicionada em embalagem
devidamente seladade polietileno - indicando utilizagdo de matéria
prima contaminada. Isso indica que pode haver crescimento fungico em
condi¢cdes minimas de temperatura e umidade, mesmo com o produto
final devidamente acondicionado em embalagens seladas. Contudo,
essas amostras positivas apresentaram contagens baixas (CFU) de
contaminacéo,provavelmente devido & também baixa atividade de &gua
(aw) € mc desses alimentos extrusadospara cdes. O processo de extrusao
reduz a mc de 25% (antes da secagem) para um teor de 8 a 10% (no
produto acabado), reduzindo indiretamente os esporos fangicos viaveis.
Esta informacdo coincide com estudos anteriores que relataram uma
diminuigdo significativa das contagens de fungos quando o processo de
extrusdo foi aplicado (DALCERO et al., 2002; MARTINS; MARTINS;
BERNARDO, 2003), onde todas as amostras positivas apresentaram
niveis baixos de contaminacdo (variando de >1,0 a 1,0x10%> UFC/g). Os
resultados obtidos por de Souza Koerich, Horn e Scussel (2013) também
foram semelhantes, onde relataram contagem total variando de <1,0x10?
a 1,9x10° CFU/g em alimentos secos destinados a cées e gatos adultos e
filhotes.

Legislacdo:no Brasil, é preconizado que as contagens de
fungos em alimentos comerciais de animais de producdo (bovinos,
sufnose aves) ndo ultrapassem a 1,0x10°UFC/g (BRASIL, 2000). J&
para animais de companhia, ndo existe limite estabelecido oficialmente.
A ABINPET (2008), associacdo que orienta os produtores de alimentos
para esses animais, recomenda que a contagem nao deva ultrapassar a
1,0x10* UFC/g. Todas as amostras analisadas estavam com niveis
abaixo do limite acima recomendado pela ABINPET.

(b) Géneros fangicos isolados: os resultados obtidos demonstraram que
fungos dos géneros Aspergillus spp. (80,6%) e Penicillium spp. (54,8%)
foram os mais isolados das amostras analisadas. O género Aspergillus,
encontrado em maior porcentagem, é considerado indicador de
deterioracdo em grdos e produtos acabados (RUMBEIHA, 2000;
SCUSSEL, 2002). Sao fungos de armazenageme o0s mais importantes
produtores de micotoxinas. Esses fungos sdo considerados xerofilicos,
crescendo em condigdesde baixa a,, (0,68-0,80), condi¢do observada em
alimentos secos para animais de companhia. Em estudo realizado por de


http://www.ncbi.nlm.nih.gov/pubmed?term=Gonzalez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9392079
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonzalez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9392079
http://www.ncbi.nlm.nih.gov/pubmed?term=Fran%C3%A7ois%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9392079
http://www.ncbi.nlm.nih.gov/pubmed?term=Fran%C3%A7ois%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9392079

205

Souza Koerich, Horn e Scussel (2013) na avaliagdo de contaminantes
microbioldgicos de alimentos secos para cdes e gatos comercializados
em diferentes paises, 0s géneros mais frequentemente observados foram
Aspergillus spp. (40%) e Penicillium spp. (35%). Martins, Martins e
Bernardo (2003), avaliando a contaminagéo flngica em 60 amostras de
alimentos secos para animais de companhia (cées, gatos e passaros) de
diferentes marcas comercializados no varejo, isolaram diferentes
géneros flngicos, sendo o Aspergillus spp. o identificado em 58,3% de
amostras, seguido por Penicillium spp., que ocorreu em 38,3%. Campos
et al.(2008), em estudo realizado para isolar e identificar a microbiota
fingica em alimentos secos para cdes, observaram que O género
Aspergillus foi predominante (65-89%), seguido por Penicillium e
Fusarium. Por outro lado, Bueno, Silva e Oliver (2001) em 21 amostras
de alimentos para cées e gatos, encontraram o género Aspergillus (62%)
predominando, seguido de Rhizophus (48%) e Mucor (38%). Ja
Scudamore et al. (1997) isolaram principalmente Penicillium spp.e
Eurotium spp. em 10 amostras de alimentos para animais de companhia.
Quanto a contaminagdo fungica em ragdo para animais de produgdo
(bovinos, suinos e aves), Abarca et al. (1994) encontraram fungos do
género Penicillium, Aspergillus eFusarium. Dalcero et al. (1998)
observaram resultados semelhantes em racdes para aves e em menor
frequéncia foram observados os géneros  Syncephalastrum,
Cladosporium e Paecilomyces (1%). Esses géneros flngicos sdo
importantes na deterioracdo de alimentos com a, reduzida (PITT;
HOCKING, 2009). O género Cladosporium é considerado fungo de
campo que invade as sementes e grdos durante 0 amadurecimento,
causando danos antes da colheita. ndo se desenvolvem durante a
armazenagem, exceto nos cereais armazenados em condicOes
inadequadas de umidade e temperatura. Em estudo realizado por de
Souza Koerich, Horn e Scussel (2013), na avaliacdo de contaminantes
bacterianos e micoldgicos de alimentos para animais de companhia
comercializados em diferentes paises, 0s géneros Syncephalastrum sp. e
Paecilomyces sp. foram isolados em somente 8.3% (5/60) e 3.4% (2/60)
das amostras.

De acordo com os resultados obtidos no presente trabalho, foi
possivel concluir que todos os alimentos secos para animais de
companhia estavam contaminados por algum género fungico. A
detecgdo flngica indica que seus esporos estavam presentes nessas
amostras, € que, quando expostos as condicdes de umidade e
temperatura 6timas, podem se desenvolver. Lembrando que a presenga
de sujidades bioldgicas leves (insetos e &caros), detectados em 87,1%
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das amostras, favorecem a disseminacdo e crescimento flngico (tanto do
campo como de armazenagem). A presenca de fungos deteriorantes ou
toxigénicos pode causar sérios riscos a salde de cdes, ja que a
alimentacdo dos animais de companhia é diaria é baseada em alimento
comercial completo, sem variacéo no tipo de alimentacéo oferecida (DE
SOUZA KOERICH; SCUSSEL, 2013).

(c) Contaminacdo por FBs: as FBs apresentam consideravel potencial
para causar intoxicacdo, ja que sdo encontradas em ingredientes que
fazem parte da formulacdo de alimentos para pequenos animais. Em
relagdo & nivel de contaminacdo por FB;eFB, nas amostras de alimentos
para cdes avaliadas nesse estudo, 32,2% (10) apresentaram niveis acima
do LOQ do método (0,021 e 0,065 mg/kg para FB; e FBioar,
respectivamente). Nao foram detectados niveis acima do LOQ para FB,
(0,044 mg/kg). Os niveis de FB; variaram de 0,074 a 0,597 mg/kg
(média: 0,052 mg/kg; DP: 0,115; DPR% 230,0). A contaminacdo por
FB, foi observada em amostras para filhotes (33,4%) e adultos (32%),
com valores médios de 0,035 e 0,056 mg/kg, respectivamente. No
Brasil, as FBs ja foram detectadas em varios substratos, especialmente
no milho utilizado para a producdo do alimento animal (SCUSSEL,
2002; SCUSSEL; SCAFF, 2004). A possibilidade da presenca desse
metabdlito e os niveis de contaminagdo dependem do tipo de alimento
(inclusdo ou ndo de grdos: milho, sorgo, trigo, arroz), da proporcéo
desses graos e sua qualidade. Observando os resultados encontrados por
de Souza Koerich e Scussel (2013) em estudo para avaliagdo da
contaminacdo por FBs em amostras de alimentos para animais de
companhia comercializados a granel, a frequéncia de contaminagdo foi
de 80% (24) em alimentos para cdes. A percentagem de amostras
positivas para FB; foi mais elevada (76,7%) quando comparada a FB,
(43,3%). Niveis de contaminacdo variaram entre 0,04-1,60 e 0,04-0,27
mg/kg para FB; e FB,, respectivamente. Em um estudo realizado por
Martins, Martins e Bernardo (2003) avaliando as micotoxinas em
60 alimentos secos para cdes, FB; foi detectada em 5%, com niveis
variando entre 0,012-0,024mg/kg.Por outro lado,Cruz (2010), avaliando
FBs em 24 amostras de milho (gréo) destinado a fabricacdo de alimentos
para animais, foram detectadas em 83,3% das amostras com uma
concentracdo média de 3,27 e 1,30 mg/kg para FB; e FB,,
respectivamente, niveis muito mais elevados se comparados com
resultados obtidos nesse estudo e outros relatados na literatura, contudo
todos abaixo do recomendado internacionalmente.

Legislacdo: ndo ha limites brasileiros estabelecidos para
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contaminacdo de FBs em alimentos completos destinados a animais de
companhia (DE SOUZA KOERICH; SCUSSEL, 2013). Levando em
consideragdo legislacGes internacionais, o LMT para FBs (FBtotal: FB;
+ FB; + FB3) recomendado pelo FDA (2001) e CE (2006) para animais
de companhia é de 10 mg/kg para o milho e 5 mg/kg de produtos finais,
respectivamente. Apesar da falta desse limite oficialmente estabelecido
pelo governo Brasileiro, a ABINPET recomenda um LMT de FB;+FB,
de 5 mg/kg para produtos acabados destinados a animais de companhia
(ABINPET, 2008).

Sujidades bioldgicas leves versus toxinas

Com relagdo a presenca de sujidades bioldgicas leves e o
favorecimento na producdo de micotoxinas produzidas no campo
(principalmente as FBs), a presenca de insetos e &caros propiciam a
proliferacdo flingica e producdo desses metabolitos. Nem sempre a
presenca da micotoxina de campo indica a presenga concomitante do
fungo produtor (Fusarium) no alimento acabado. O processo de extrusdo
a temperatura de 100-120°C, na qual o alimento completo é submetido,
pode eliminar o fungo, contudo ndo elimina as toxinas (resistente a essa
temperatura até 260°C), e nem as sujidades presentes. Ha necessidade de
maiores estudos para regulamentar a qualidade da matéria-prima e
produto final para animais de companhia quanto a contaminacdo por
FBs. A ingestdo de alimento contaminado, mesmo em quantidades
pequenas, expde o0 animal continuamente a esse contaminante,
considerado cancerigeno e com efeitos acumulativos (SCUSSEL, 2002;
CRUZ, 2010).

Conclusédo

Embora seja dificil a producéo de alimentos totalmente livres
de contaminacdo de diversas origens, é necessario um constante
aperfeicoamento das acdes de controle sanitario na area de producéo de
alimentos. Também é necessario considerar que as matérias-primas
destinadas & producdo desses alimentos devem atender as condicOes
higiénico-sanitarias de forma a garantir que o produto final ndo ofereca
riscos a salde animal. Essa preocupacao se estende aos alimentos para
filhotes analisadas no estudo, ja que todas as amostras continham algum
tipo de sujidade biol6gica, assim como presenca de fungos e
micotoxinas. Assim, 0 monitoramento do nivel higiénico torna-se
importante para que pontos criticos de contaminagdo por sujidades
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bioldgicas possam ser identificados e controlados. Obter subsidios para
uma revisao do atual padrdo legal, com o estabelecimento de limite de
tolerancia dessas sujidades, como medida preventiva para garantir a
salde dos animais de companhia, se faz necessario.
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Tabela 1. Sujidades, fungos e fumonisinas em alimentos secos completos para cées comercializados no Brasil
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Alimentos para cies Sujidades leves Micobiota FB(mz/Ke)
Inseios ] Pélos da CTF
Idade Amostra Fragmento Inteiroz Acaros roedor Total (UFC/g) Género FE, FB, TFB=
s
Adulias
1 a3 NDF 03 ND ] 1,0x10° AspergilluzPenicillium 0,074 =LOo0 0,074
2 a4 NIy ND WD a4 4,0x10° AspergilluzPenicillium = Lo =LOQ =LOg
3 03 ND a1 ND a4 3.0x10° AzpergilluzPenicillium <LOQ <LOQ <LOQ
4 03 ND ND ND 03 2.0x10° Aspergillus <LOQ <LOQ <=LOQ
3 08 ND 03 ND 11 1,0 x10¢ Aspergilluz 0,397 =LOo0Q 0,397
] a7 ND a1 ND a8 2.0x10° Aspergillus <LOQ <LOQ <LOQ
7 20 ND ND ND 20 1.0x10° Aspergillus/Peniciilium 0,075 =L 0,075
g ND ND ND ND ND 1.1x10° Penicillium <LOQ <LOQ <LOQ
9 a6 NIy al WD a7 3.5x10° AspergilluzSyncephalastrum 0,179 =L0O0) 0,179
10 ND ND» ND ND ND 2,0x10° Aspergilluz/Penicillium < Loy <LOQ <= Loy
11 12 ND 04 ND 16 4 0=10° AzpergilluzPenicillium <LOQ <LOQ <LOQ
2 a6 ND a1 ND a7 1,0x10° Aspergilluz = Lo =LOo0Q =L0o0Q
13 10 ND 03 ND 13 1,0x10° Aspergillus = LoD =LO0Q =L
14 a6 ND ND ND a6 1.0x10° Aspergillus <LOQ <LOQ <LOQ
13 09 ND a1 ND 10 1,0x10° AspergilluzPenicillium = Lo =LOo0Q =L0o0Q
16 NID» ND» 02 Ny 2 1.0x10° Penicillium/Cladosporium 0,101 <L0O0 0,101
17 10 ND 03 ND 13 1.0x10° Aspergillus <LOQ <LOQ <LOQ
18 04 ND 03 ND a9 1,0x10° AspergilluzPenicillium 0,082 =LOo0Q 0,082
19 ND ND ND ND ND 1,5 =10¢ Aspergillus <LOQ <LOQ <LOQ
20 NI NIy ND WD WD 1,0x10° _dspergilluzPenicillium Syncephal = Lo =L0O0) = Lo}
astrum
21 08 ND ND ND a8 1.0x10° Aspergilluz = Lo =LOo0Q =L0o0Q
2 09 ND ND ND a9 1.2 x10¢ AspergilluzPenicillium 0,161 =LOo0Q 0,161
23 11 ND» Ny Ny 11 1.0x10° Syneephalastrum 0,139 <LO0 0,139
14 as NIy ND WD as 1,0x10° Fenicillium/Syncephalasrum = Lo =L0O0) = Lo}
15 13 NIy ND WD 13 1,0x10° FPenicillium/ Cladosporium = Lo =L0O0) = Lo}
Filhotss
a1 a6 ND ND ND a6 30x10° Azpergilluz = Lo =LO0Q =L0o0Q
2 ] ND 04 ND 12 1.0x10° AzpergilluzPenicillium <LOQ <LOgQ <LOQ
a3 09 ND 03 ND 2 1,0x10° AspergilluzPenicillium 0,140 =LO0Q 0,145
a4 NID» ND» 02 Ny 2 1.0x10° AspergillusPascelomycsas 0,074 <Oy 0,074
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05 07 ND 03 ND 14 ;13:?_ Fenicillium =L0Q  <=L0Q <LOQ
06 02 ND ND ND 0B 1,0x10° Azpergilluz'Cladosporium =L0Q <=LOQ <LOQ
Estanistica
Total positivas 25(e08)  OC0) 18316y O X 311003 NA 10(32,2 a0y 100322
%) (37,13

>LMT NA NA NA NA NA NDF NA NI¥ NA ND
Minimo ND NA ND NA ND 1,0x10° NA <L0Q NA <LOGQ
Maximo 0 NA 05 NA 20 1,1x10° NA 0,597 NA 0,597
Média 6,3 NA 1.3 NA 7.6 2.21x10F NA 0,052 NA 0,052

DF 4.5 NA 1.3 NA 45 247.1 NA 0,115 NA 0,115
DFR% 71,65 NA 120,15 NA 6503 111,71 NA 230,00 NA 230,00

Fumonisinas: (FB,, FB; e total LOQ: 0,021, 0,044 e 0,065 mg/Kg); CTF: contagem total de fungos; ND:ndo detectado; NA: ndo
aplicado; DP: desvio padrdo; DPR%: desvio padréo relativo; LMT: Limite méaximo toleravel: *10 a10° UFC/g (ABINPET, 2008);
®5 mg/Kg (FDA, 2001; CE, 2006)
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Figura 1. Porcentagem de sujidades bioldgicas leves encontradas nas amostras
de alimentos secos para cdes comercializados no Brasil.
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Figura 2. Tipos de sujidades biolégicas leves encontradas nas amostras de
alimentos secos para cdes comercializados no Brasil: a) fragmentos de insetos
da Classe Coleoptera e b) acaro de armazenamento (63X).
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Abstract

An evaluation of diseases affecting dogs and cats and their relationship
to pet food mycotoxin contamination was reported in Southern Brazil.
Veterinary Clinics registries were surveyed for diseases, type of feeding,
breeding environment, among other adverse conditions that the animals
were exposed. Also the ingredients reported on the labels of pet food
packages mycotoxin related were surveyed. From the diseases and
clinical signs recorded and related to possible mycotoxicosis, the major
casuistic, were those affecting the hepatic portal system (32.0 %)
followed by the renal (30.0 %) and nervous systems (27.0 %). About
ingredients of pet food, the main vegetable ingredients related were rice
and maize with 57.0 and 55.0 %, that were susceptible to aflatoxin,
ochratoxin A, citrinin, deoxinivalenol, among others mycotoxins. The
data obtained in this study can help the clinics to consider the frames of
mycotoxicosis as a final diagnosis in veterinary clinical routine.
Keywords: dog, cat, pet food, disease, mycotoxins, veterinary.

1 Introduction

Several diseases have been reported in veterinary clinics, as
well as an increased observation and diagnosis of cancer in pets. Many
factors may be responsible for the onset of these diseases, such as
genetic predisposition (different races), pathogens (bacteria, fungi,
viruses), biological (bioactive amines, bacterial and fungal toxins),
physical (pieces of metal, glass, rubber), chemical (antibiotics, heavy
metals, pesticides) and environmental contamination (breeding forms,
stress, pollution) (Zicker, 2008; de Souza Koerich, Simao and Scussel,
2010). Many diseases can be linked directly or indirectly to the diet of
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these animals as many owners are opting to offer processed foods to
their pets (Simao and Scussel, 2008). Industrialization is not always
synonymous of food security, as the diverse composition may enable a
variety of contaminants to be present (Boermans and Leung, 2007).
Besides, being a same food supplied daily, it means to expose the
animals to continuous and uninterrupted contact with possible
contaminants of different natures.

The main composition of foods for dogs and cats is based on
ingredients from plant (maize, wheat, soy, rice) and animal (meat, bone,
fat) (Zicker, 2008; Brito et al., 2010). Regarding the contaminants that
can reach these raw materials, mycotoxins can play an important role,
especially if the raw materials for commercial pet foods contain grains
or their derivatives of low quality (Richard, 2007; Brito et al., 2010).
Mycotoxin contamination can get into processed pet food either (a) by
using bad or with lack of selection raw materials at factory reception, (b)
during food processing or (c) packaging and especially at the (d) storage
of the final products, which can compromise the animal health.
Depending on the toxins that can contaminate pet food, different target
organs and organic systems can be affected, with acute or chronic
clinical signs, such as liver (aflatoxins -AFLs - primary target organ;
ochratoxin A - OTA and citrinin - CTR - secondary target organ),
reproductive (zearalenone - ZON), nervous (fumonisisn - FBs) kidney
(OTA, CTR), vascular (trichothecenes - DON and T2 toxin) and the
development of cancer (chronic mycotoxicosis) (Puschner, 2002;
Richard, 2007). In fact, several mycotoxicosis have been reported in
dogs and cats caused by AFLs, OTA, ZON, CTR, DON, roquefortine
and penitren A, found contaminating processed foods (Puscher, 2002;
Boermans and Leung, 2007).

Considering that there are (a) only a few data on pet food
contamination and diseases mycotoxins related, (b) the increase of pet
foods production and (c) pets constant exposure to daily food intake, the
objective of this study was to evaluate the occurrence of dogs and cats
diseases and clinical signs that are related to possible mycotoxicosis
(affecting the hepatic portal, renal, reproductive, nervous organic
systems and neoplasias formation) in the veterinary clinics and, in
parallel, an evaluation of ingredients reported on the labels of
commercial pet food packages and the possibility of raw material to
vehicular toxigenic fungi and mycotoxins, thus exposing the animals to
the frameworks of mycotoxicosis.
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2 Materials and methods
2.1 Dogs and cats diseases and clinical signs

Between June 2010 and December 2010, astudy was carried
out to evaluate the occurrence of dogs and cats diseases and clinical
signs that are related to possible mycotoxicosis (affecting the hepatic
portal, renal, reproductive, nervous organic systems and neoplasias
formation) in the veterinary clinics. A total of 86 veterinary clinical
records of dogs and cats, with confirmed by clinical and laboratory
diagnostic regarding the diseases mentioned above, were collected in the
veterinary clinics located in the region of Great Florianopolis, Santa
Catarina State in Southern Brazil. An application form was designed to
collect data such as the date of sampling, animal data (age, sex, breed),
type of feeding, breeding environment, among other adverse conditions
that the animals were exposed and that may promote the occurrence of
diseases (stress etc).

2.2 Evaluation of ingredients reported in pet food

An evaluation of ingredients reported on the labels of
commercial pet food packages was made to verify the possibility of raw
material to vehicular toxigenic fungi and mycotoxins and exposed
animal to mycotoxicosis. Forty-six packages of dogs (23) and cats (23)
foods available commercially were evaluated regarding the ingredients
of plant origin (grains and cereals) described on the label, in the list of
composition.

After obtaining all the information mentioned above,
correlation was recorded between the disease and mycotoxins, as well as
the basic composition used for commercial food production. A
correlation was made with these ingredients mentioning possible
transmission of mycotoxins, appearance of disease and the clinical signs
in animals.

3 Results and discussion
3.1 Dogs and cats diseases and clinical signs
The most common diseases and clinical signs related to

mycotoxicosis affecting dogs and cats recorded in the veterinary clinics
during the period of six months were those of the following organic
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systems: hepatic, renal, nervous and reproductive, including also
neoplasias formation (Figure 1).
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Figure 1. Percentage of affected systems and neoplasias diagnosed in dogs and
cats in the Great Florianopolis Region, Southern Brazil.

Among the conditions evaluated and correlated with
mycotoxicosis, the highest occurrence was those involving the hepatic
system with a total of 33.0 %, in which 71.0 % of cases were diagnosed
as liver failure and 29.0 % of hepatitis, followed by kidney with 30.0 %
diagnosed as chronic renal disease. The nervous system had a total of
27.0 % cases registered with 39.0 % of seizures, 30.5 % of tremorgenia
(muscle tremors and incoordination) and loss of proprioception and
30.5% of epilepsy. In the reproductive system, there were reported only
6.0 % of cases, which 40.0 % from pyometra (uterine infection) and
60.0 % of fetal mortality. Neoplasias accounted for 5.0 % of diseases,
each case in a different target organ: liver, kidney, spleen and adrenal
gland. Animals diagnosed with signs of malignancy were all dogs, three
females and one male aged between 8 and 10 years, poodle (2),
Daschund and German shepherd, one each. All diets were based on
processed foods and raised in (2) and outside (2) apartment/house.
Important to emphasize that 18 (21.0 %) cases were found simultaneous
description of conditions, usually involving two or more systems
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(kidney/liver; tumor/liver; liver/renal/among others).
3.2 Characteristics of the animal breeding and eating habits
Details on data obtained in the present study regarding the

animals’ characteristics, diseases and breeding conditions are described
in Table 1.
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Table 1 — Characteristics and food habits of dogs and cats obtained from veterinary clinics in the Great Florianopolis Region.

Affected systems, clinic signs ~ Animal Gender Age! Food Enviromment
and diseases Dog Cat Female Male Puppy Adult Senior Industrial Mixed> Indoors Outdoors
Hepatic
Failure 14 1 11 9 2 7 10 17 1 17 3
Hepatitis 6 2 4 4 1 3 3 8 NR 7 1
Renal
Chronic disease 18 9 13 13 2 4 14 21 5 19 7
Nervous
Convulsion 9 NR 4 5 2 5 2 9 NR 8 1
Epilepsy 7 NR 4 3 NR 3 3 7 NR 5 2
Tremogenia / incoordination 7 NR 4 3 2 2 2 7 NR 5 2
Reproductive
Piometra 2 NR 2 NR NR 2 NR 2 NR 2 NR
Fetal death 2 1 3 NR NR 3 NR 3 NR 1 2
Neoplasia
Neoplasia® 4 NR 3 1 NR 1 4 4 NR 2 2

"Puppy: up to 1 year; adult:1-7years; senior:over7 yearsof age; “Mixed: industrial and homemade food; *Neoplasia in liver,
kidney, spleen and adrenal gland; NR: not registered



225

Observing the way of raising the animals of the present study,
with respect to the (a) eating habits, 90.0 % of the animals were fed with
industrialized and 10.0 % of the animals with mix feeding food
(industrialized and homemade food), a habit commonly observed in
diets of cats. Regarding (b) environment: 76.0 %, more than a half of the
animals, were created inside the home owners, and only 24.0 % were
created in areas outside of houses, with food exposure to moisture and
environmental conditions that favor fungal growth and mycotoxin
production; and (c) stress conditions: more than 50.0 % of the animals
took weekly baths in petshops, increasing signs of disease. The absence
of the owners is also considered a cause of stress in animals.

3.3 Ingredients used in commercial dog and cat foods

With respect to the study of ingredients (raw material) utilized
to produce food for dogs and cats and listed in 46 packages of complete
dry foods, as expected, maize (whole and ground) and rice (grits, whole
or broken) were present in the composition of 96.0 and 94.0 % of the
products. Wheat was present in half (52.0 %) of the products, followed
by soybean meal, barley, oats and sorghum accounting for 44.0, 37.0,
13.0 and 6.5 % respectively. Figures 2 show the percentages obtained in
this study regarding ingredients of plant origin in food for dogs and cats,
respectively.

Corn | S ——
96% 6%

rice [N
87% 100%

wheat [N
83% 2%

soybean

Sorghum [

Oats
W A Catfoot

Rye
' ld% ® Dog food

Barley [N
2.6% 1%
Figure 2. Percentage of grain-based ingredients (cereals and pulses) described
in the labels to dogs and cats dry food commercialized in Brazil.
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A major concern with the addition of grains, seeds and
subproducts in animal feed is their susceptibility to toxigenic fungi and
mycotoxin production. Ingredients such as maize, rice, wheat, oats,
barley, peas, and groundnuts, sunflower, among others are good
substrates for fungi growth, including toxigenic strains (Scussel, 2002;
Bullerman and Bianchini, 2007). The main mycotoxins that are found in
most cereal grains are AFLs, FBs, OTA, DON and ZON (Lazzari, 1997;
Scussel, 2002, Simao and Scussel, 2008). The ingredients reported in the
evaluation of pet food labeling and the correlation with most commonly
mycotoxins carried by them are presented in Table 2.

3.4 Diseases and clinical signs versus mycotoxins

In animals, mycotoxins have no characteristic clinical signs of
chronic intoxication, thus allowing the misdiagnosis of the disease. For
example, refusal of food can have many causes, but when the diet is
based on food containing maize or other cereal grains, they may be
indicative of Fusarium and / or Aspergillus toxins. Tremogenic toxins
cause tremors and convulsion, and may be confused with other causes
such as epilepsy and seizures. Some mycotoxins, including
trichothecenes, ZON and FBs can bring reduction of productivity and
growth. Low resistance to infection/reduced immunity can result from
ingestion of mycotoxins (Boermans; Leung, 2007). Table 2 describes
the main mycotoxins found in the raw material used to produce feed and
possible harmful effects and target organs.

Table 2 - The main pet food vegetable ingredients, their susceptibility to
mycotoxin production and toxic effects in animals

Ingredients of pet food Mycotoxins Toxic effects in animals

Maize, rice, oats, wheat, Aflatoxins Hepatotoxic, carcinogenic,

soybean, sorghum, rye and  (AFB;,AFB,, growth rate

barley AFG.,AFG),) reduction,hemorrhagic enteritis,
lowered immunity
andproductivity

5, wheat, soybean, sorghum, Fumonisins Leukoencephalomalacia in

rye and barley (FB1,FB,,FB3)  horses
Lungs edema, neural tubes
deffects

Maize, oats, wheat and rye  Ocratoxin A Hepatotoxic, nefrotoxic,
abortion, poor feed conversion,
growth rate

reductionandimmunityreduction
to infection
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Maize, rice, wheat and oats Citrinin Toxemia and cancer
(carcinogenicity)
Cereals, soybean Tremorgenic Tremors and convulsions
toxins
Cereals Patulin Lung bleeding, brain edema and
kidneys toxicity
Maize, wheat and soybean Zearalenone Hyperestrogenism, infertility,
death
Maize, wheat, oats and Deoxynivalenol  Refusal of food for pigs,dogs
soybean and cats, weight gain reduction
Maize and winter cereals Trichothecenes  Severe inflammation of the
(ZON DON, gastrointestinal tract,
NIV, 2Ac hemorrhageae, edema, vomiting
DON,15Ac and diarrhea. Infertility,

DON, T,, HT,)  degeneration of the bone
marrow, slow growth and
sterility

Rye Ergot toxins Vase-constriction, gangrene,
midriasis, abortand lossof
extremities

Important to emphasize that the extrusion process
(temperature 100-200 °C and 34-37 atm pressure) may reduce the
mycotoxins concentrations in feed, but is not sufficient to eliminated
them. They are stable in most food processing systems and tolerate
temperatures up to 260°C (Scussel, 1998, 2002). In such cases, these
toxins can become residues in food animals, such as the hepatotoxic
AFLs and hepato and nephrotoxic OTA and CTR (Bullerman and
Bianchini, 2007). Looking at the data on types of diseases diagnosed
during the study period, we observed that animals with a diet based on
processed foods (90.0 %) had a higher occurrence of diseases of
different organs, as well as neoplasias. These data can be related to diet
and the quality of the supplied products. Monitoring the quality of pet
foods should be performed frequently to ensure product safety and,
consequently, the health of animals. In this study, it should be clarified
that the pet foods of the sick animals were not analyze because the study
was based on veterinary clinical records, besides the mycotoxicosis can
show the clinical signs in long term (chronic diseases).

Owners of pets should be counseled about storage of food
before and after being opened, to avoid possible contamination at the
household level. "No treatment is effective if the cause of the disease is
still present” (de Souza Koerich et al., 2010).
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4 Conclusion

The mycotoxicosis are still little discussed and considered
among veterinary practitioners. Although the pathogens are known, yet
there is little data reported in the literature on the occurrence of
mycotoxin poisoning in pet animals. The clinical signs of mycotoxicosis
are nonspecific and can confuse the veterinarian’s final diagnosis. The
data obtained in this study can be a tool to clarify the relationship
between the conditions seen in pets in Southern Brazil and possible
mycotoxicosis frames, which are generally not considered as a final
diagnosis. Education on the choice of food and proper storage, ensuring
the quality of feed provided the pets owners is an important tool to
guarantee health animals.
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CONSIDERAGOES FINAIS

O trabalho apresentou dados e informagdes sobre a qualidade
e seguranga bioldgica de formas basicas de alimentos comerciais (secos,
semi-Umidos e Umidos) destinados a animais de companhia (cées, gatos
e aves) comercializados em paises de trés continentes (Europa, América
do Norte e Sul). E importante conhecer os aspectos qualitativos dos
alimentos fornecidos, ja que dieta desses animais é baseada em um tipo
de alimento, o qual consumido diariamente amplifica a exposicdo a
possiveis contaminantes bioldgicos presentes na dieta.

Os dados foram correlacionados com legislages nacionais e
internacionais quanto a aspectos de rotulagem e composicdo, assim
como garantias para a seguranca dos alimentos quanto a presenca de
contaminantes biologicos e seus metabolitos (micro-organismos
patogénicos e toxigénicos; toxinas de fungos; acaros e insetos; aminas
bioativas). Ficou evidenciada a auséncia de critérios e limites
estabelecidos pelos érgédos fiscalizadores e normas técnicas para esses
contaminantes, comprometendo a seguranca desses alimentos. Na
maioria dos paises, os alimentos para animais de companhia nédo
apresentam regulamentacdo especifica, e quando apresentam, ndo esta
sendo cumprida com rigor pelos fabricantes, tornando clara a
necessidade de fiscalizacdo efetiva destes produtos pelas agéncias
reguladoras.

Durante as avaliagcdes dos alimentos, os contaminantes foram
relacionados com o aparecimento de implica¢es na salide animal, como
aumento da incidéncia de doengas proeminentes e mais recentemente
desenvolvidas (quadros de alergia, atopia, nefropatias, hepatopatias,
diversos tipos de cancer, alteracbes comportamentais), sempre
enfatizando a probleméatica dos casos de zoonoses (salmonelose,
leptospirose). Lembrando que, atualmente, os animais de companhia
fazem parte da familia dos brasileiros, ndo como um animal, e sim como
um membro dela.

Ap0s avaliar os principais contaminantes biolégicos (insetos,
acaros, bactérias, fungos) e seus metabolitos (aminas bioativas, toxinas
bacterianas e flngicas) em alimentos para animais de companhia, ha a
necessidade de avaliar quanto a presenca de contaminantes sintéticos
(pesticidas, aditivos, metais pesados, melanina etc). Normalmente séo
adicionados com o intuido de modificar a percep¢do da cor/sabor,
maximizar a conservacdo do produto e/ou aumento de vida de prateleira
(aditivos:  corantes  artificiais,  antioxidantes,  conservantes,
estabilizantes), detoxificar compostos toxicos (adsorventes de
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micotoxinas), ou sdo resultantes de residuos de produgdo (pesticidas,
antibidticos, metais pesados) ou adulteracdo alimentar com adicdo
intencional (melamina). Considerando o crescente desenvolvimento do
agronegocio no Brasil, o agregar valor - através da producdo de
alimentos para animais de companhia focando na exportagdo utilizando
essas matérias primas - € estratégia nacional e necessita de qualidade
para obter credibilidade no comércio internacional. Portanto, esse
trabalho também auxilia e norteia as empresas quanto aos pontos a
serem reavaliados.



