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RESUMO

Dissertacdo de Mestrado
Programa de Pds-Graduagdo em Zootecnia
Universidade do Estado de Santa Catarina

PRODUCAO DE RACAO DE CAES COM UM BLEND DE ~c')l_Eos ESSENCIAIS (CRAVO,
ALECRIM E OREGANO) E VITAMINA E EM SUBSTITUICAO A ANTIOXIDANTE QUIMICO
CONVENCIONAL: EFEITOS SOBRE QUALIDADE DE RACAO E SAUDE DOS BEAGLES

AUTOR: Taise Mendes Maldaner Schlieck
ORIENTADOR: Aleksandro Schafer da Silva
Chapecd, 12 de margo de 2021

Diversos tipos de aditivos, sejam eles naturais ou sintéticos, estdo disponiveis para utilizacdo
na formulacdo de alimentos para cdes, sendo 0s antioxidantes os mais importantes, pois
visam a conservacdo do alimento e seguranca alimentar aos animais. Entretanto, existem
poucos dados cientificos sobre a seguranca da utilizacdo de aditivos naturais nas
formulacGes de alimentos para cées, bem como sobre os efeitos no alimento e satde dos
animais. Frente a isso, objetivou-se verificar se a utilizagdo de um blend de 6leos essenciais
(cravo, alecrim e orégano) e vitamina E possui acdo antioxidante na racdo para cdes e 0S
efeitos na salde dos animais. O experimento foi conduzido no Canil de Manutencdo da
UDESC em Guatambu SC (FECEO), sendo utilizado 10 cées da raga beagle, machos(+
12kg), adultos. O experimento foi composto em tratamento controle (TCON) — racéo
extrusada (premium) com antioxidante sintético (BHT (butilhidroxitolueno) (n=5) e
tratamento teste (TNAT) - racdo extrusada (premium) com antioxidantes naturais (blend de
Oleos essenciais de cravo (6%), alecrim (2%), orégano (1%) e vitamina E (3,3%)) (n=5). O
experimento teve duracdo de 28 dias, e foi repetido ap6s intervalo de 10 dias. Importante
ressaltar, que todos os animais (n=10) consumiram as duas racGes, na primeira ou segunda
fase do experimento; isto é, os cdes que estavam no grupo TCON na primeira fase,
obrigatoriamente estavam no grupo TNAT na segunda fase. Os animais foram alimentados 2
vezes/dia (180g racdo/animal/dia) em canis individuais. As ragdes foram produzidas em
fabrica comercial, com a adicdo dos conservantes quimicos e natural (dose de 1% na racdo)na
etapa de banho de 6leo, juntamente com os demais minerais e vitaminas adicionados a racao.
Amostras de sangue e fezes foram coletadas nos dias 1, 14 e 28 de experimento, de cada fase
experimental. Foram realizadas analises de hemograma (eritrécitos, hemoglobina,
hematocrito e leucdcitos) e dos niveis séricos de colesterol, LDL, HDL, triglicerideos,
glicemia, albumina, ureia, creatinina, AST (aspartato aminotransferase) e ALT (alanina
aminotransferase) e Gama GT (gamaglutamiltransferase). Foi realizada a analise sérica de
status oxidante/antioxidantes através da andlise das especies reativas de oxigénio (EROs),

tiois ndo proteicos (NPSH), e atividades das enzimas glutationa S- transferase (GST) e
glutationa peroxidase GPx. Foi realizada contagem bacteriana total (CBT) das fezes. Os caes
foram pesados no inicio e no fim de cada etapa experimental. O peso corporal ndo diferiu
entre os tratamentos. Em ambos os tratamentos, observou-se eficiéncia de conservagao
alimentar, que demonstra a viabilidade do uso de fontes naturais como antioxidantes na
alimentacdo de cées, pois as variaveis quimicas e oxidativas ndo diferem independentemente
do antioxidante utilizado durante a produgdo. As varidveis bioquimicas séricas e hemograma
dos animais ndo foram influenciadas pelos tratamentos (P>0.05) porém observou-se uma



reducdo no numero de linfocitos com passar do tempo somente nos cdes do grupo TNAT.
Também foi observado efeito de dia para contagem de leucdcitos total, neutrdfilos e
eritrocitos somente nos animais do TNAT, onde houve aumentosignificativo (P<0,05) no dia
28. Na variavel CBT de fezes, houve efeito do tratamento e a interagdo tratamento x dia,
onde observou-se a diminui¢do da contagem bacteriana (P<0,05) nas fezes dos cédes do
TNAT nos dias 14 e 28. Os cédes alimentados com a racdo do TNAT apresentaram
diminui¢ao significativa nos niveis de EROs (considerando a média) (P<0,05). Houve efeito
de tratamento nos niveis de NPSH e atividade de GST no TNAT, isto é, houve aumento de
niveis dessas varidveis. Conclui-se que a substituicdo dos antioxidantes sintéticos por
aditivos de fontes naturais em alimentos para cdes, preserva o alimento da mesma forma
garantindo a seguranca alimentar, além de estimular os niveis de antioxidantes sistémicos,
podendominimizar os impactos causados pelos radicais livres no sangue dos cées, além de
demonstrarpropriedades antibacterianas e modulador imunoldgico.

Palavras-chave: Cées, conservante, nutricdo animal, salide animal.



ABSTRACT

Master's Dissertation
Programa de Pds-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

PRODUCTION OF DOG FEED WITH A BLEND OF ESSENTIAL OILS (CLOVE, ROSEMARY
AND OREGAN) AND VITAMIN E IN REPLACEMENT TO CONVENTIONAL CHEMICAL
ANTIOXIDANT: EFFECTS ON BEAGLE FEED AND HEALTH QUALITY

AUTHOR: Taise Mendes Maldaner Schlieck
ADVISER: Aleksandro Schafer da Silva
Chapeco, March 12, 2021

Several types of additives, whether natural or synthetic, are available for use in the
formulation of dog food, with antioxidants being the most important, as they aim at food
conservation and food safety for animals. However, there is little scientific data on the safety
of using natural additives in dog food formulations, as well as on the effects on food and
health of animals. In view of this, the objective was to verify if the use of a blend of
essential oils (cloves, rosemary and oregano) and vitamin E has antioxidant action in the dog
food and the effects on the health of the animals. The experiment was carried out at the
UDESC Maintenance Kennel in Guatambu SC (FECEO), using 10 male beagle dogs (+
12kg), adults. The experiment consisted of control treatment (TCON) - extruded feed
(premium) with synthetic antioxidant (BHT (butylhydroxytoluene) (n = 5) and test treatment
(TNAT) - extruded feed (premium) with natural antioxidants (blend of essential oils from
cloves (6%), rosemary (2%), oregano (1%) and vitamin E (3.3%)) (n = 5) The experiment
lasted 28 days, and was repeated after a 10-day interval. It is important to note that all
animals (n = 10) consumed both rations, in the first or second phase of the experiment, that
is, the dogs that were in the TCON group in the first phase, were mandatorily in the TNAT
group in the second phase. were fed 2 times / day (180g ration / animal / day) in individual
kennels.The rations were produced in a commercial factory, with the addition of chemical
and natural preservatives (1% dose in the ration) in the oil bath stage, together with the other
minerals and vitamins added to the feed. Blood and feces samples were collected on days 1,
14 and 28 of experiment, from each experimental phase. Analysis of blood count
(erythrocytes, hemoglobin, hematocrit and leukocytes) and serum cholesterol levels, LDL,
HDL, triglycerides, glycemia, albumin, urea, creatinine, AST (aspartate aminotransferase)
and ALT (alanine aminotransferase) and Gamma GT ( gammaglutamyltransferase). The
serum analysis of oxidant / antioxidant status was carried out through the analysis of reactive
oxygen species (ROS), non-protein thiols (NPSH), and activities of the enzymes glutathione
S-transferase (GST) and glutathione peroxidase GPx. Total bacterial count (TBC) of feces
was performed. The dogs were weighed at the beginning and at the end of each experimental
stage. Body weight did not differ between treatments. In both treatments, food conservation
efficiency was observed, which demonstrates the feasibility of using natural sources as
antioxidants in dog food, since the chemical and oxidative variables do not differ regardless
of the antioxidant used during production. The serum biochemical variables and blood count
of the animals were not influenced by the treatments (P> 0.05), but there was a reduction in
the number of lymphocytes over time only in the dogs of the TNAT group. A day effect was
also observed for total leukocyte, neutrophil and erythrocyte count only in TNAT animals,



where there was a significant increase (P<0.05) on day 28. In the feces TBC variable, there
was an effect of the treatment and the treatment x day interaction, where a decrease in the
bacterial count (P<0.05) was observed in the feces of the TNAT dogs on days 14 and 28.
TNAT ration showed a significant decrease in ROS levels (considering the mean) (P<0.05).
There was a treatment effect on NPSH levels and GST activity on TNAT, that is, there was
an increase in the levels of these variables. It is concluded that the substitution of synthetic
antioxidants by additives from natural sources in dog food, preserves the food in the same
way ensuring food safety, in addition to stimulating the levels of systemic antioxidants,
being able to minimize the impacts caused by free radicals in the blood of the dogs, in
addition to demonstrating antibacterial properties and immune modulator.

Keywords: Dogs, preservative, animal nutrition, animal health.
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1. CAPITULOI

REVISAO DE LITERATURA

1.1 Relacdo cades e humanos: reflexos na nutricdo pet

A proximidade entre humanos e os animais de estimacdo, como 0s cdes e gatos, tem
aumentado ao longo dos anos. Atualmente, esses animais, ocupam um lugar cativo nas familias.
Segundo Pauliuc & Fu (2018), a proximidade entre pets e humanos esta diretamente relacionada
a mudanca na forma de alimentar esses animais, ha algumas décadas eram alimentados com
restos de comida, mas com o passar do tempo e, com o auxilio das pesquisas voltadas a nutricdo
de pets, os alimentos passaram a ser completos, atendendo as exigéncias nutricionais desses
animais e facilitando a vida dos proprietarios. Os alimentos comerciais para animais de estimacao
sdo formulados com o objetivo de atender as necessidades especificas de nutrientes para suprir
os diferentes estados fisioldgicos de caes e gatos, como filhotes, crescimento e manutencdo, de
acordo com a Association of American Feed Control Officials - AAFCO (Franca, et al., 2011).

Segundo Case et al. (2000) o alimento seco é mais econémico do que outros tipos de
alimentos, sobretudo para 0s proprietarios que possuem um maior nimero de animais e buscam
maior praticidade e qualidade. O cuidado com a alimentacdo dos pets possui grande influéncia
na expansao da producdo de racdo industrializada (Carciofi & Jeremias, 2010).

De acordo com a ABINPET (2019), o mercado pet tem tido grande expressividade na
economia nacional movimentando cerca de 22,3 bilhdes de reais. S&o cerca de 55,1 milhdes de
caes, 24,7 milhdes de gatos e 62 milhdes de outros pets que fazem do Brasil 0 segundo pais com
maior populacdo de animais de estimacdo do mundo, assim como o terceiro maior em
faturamento dentro do mercado pet. Dentro de todos 0s setores que esse mercado abrange, o setor
pet food tem sido 0 mais rentavel, responsavel por 73,3% do total de faturamento do mercado de
animais de estimacdo em 2019 (ABINPET, 2019). O avanco econdémico no mercado petfood
alavancou a producdo de alimentos variados, € possivel encontrar em agropecuarias,
supermercados, pet shops produtos especificos para ragas diferentes, comorbidades, como

doenca renal e obesidade por exemplo, entre outros.

1.2 Lipideos, oxidacgao, radicais livres e peroxidos
Conforme Case (2011), na elaboracdo de alimentos para cdes e gatos, a inclusdo de gorduras e 6leos, pois
visam fornecer energia e acidos graxos essenciais (AGE),



11

além de melhorar a palatabilidade do alimento. Os AGE estdo associados ao transporte de
vitaminas lipossoluveis, as func¢Bes neuroldgicas e estruturais. Além de servir de fluido para as
membranas celulares e estdo relacionados com a manutencéo da satde da pele e a pelagem dos
animais (NRC, 2006). Esses elementos sdo constituidos por carbono, hidrogénio e oxigénio,
sendo classificados pelo tamanho de sua cadeia carbonica (curta, média, longa ou muito longa)
as quais variam de 2-36 carbonos, podendo ser saturadas (sem ligacdes duplas) ou insaturadas
(presenca de ligages duplas) (Aradjo, 2011). Acidos graxos da série 6mega-6 e dmega-3
(linoleico, araquiddnico, &cido a-linolénico, EPA e DHA) nédo séo sintetizados pelo organismo e
por isso sdo essenciais na dieta para cées e gatos (NRC, 2006). Segundo ABINPET (2019) as
fontes de gordura mais utilizadas na industria pet food sdo: gordura de frango, sebo bovino, banha
suina, 6leo de peixe, 6leo de abacate, 6leo de palma, 6leo de linhaca, 6leo de girassol, 6leo de
soja. Embora Gleos e gorduras tenham grande importancia nutricional, assim como o0s
subprodutos que contém esses ingredientes em sua composi¢do, esses elementos sdo altamente
susceptiveis ao processo de oxidacao lipidica (Silva, et al. 1999).

Segundo Orddfiez et al. (2005) a oxidacao lipidica é um grande limitante na inddstria
de alimentos, pois implica no aparecimento de sabores e odores anémalos. Além de causar a
perda de acidos graxos essenciais e geracdo de produtos potencialmente toxicos, podendo reduzir
o0 valor e a seguranga nutricional dos produtos comercializados (Almeida, 2016). A oxidacéo
lipidica se da pela associacdo do oxigénio com lipideos insaturados, essa associacdo ocorre
através de mecanismos enzimaticos e quimicos. Sdo eles: autoxidagdo, fotoxidacdo e
lipoxigenase. A autoxidacdo (rancidez) é o principal mecanismo de oxidacao dos 6leos e gorduras
(Araujo, 2011), processo bioguimico que envolve as ligacdes insaturadas presentes nos 6leos e
gorduras. A reacdo em cadeia ocorre trés fases distintas: iniciagdo, propagacao e terminacéo
(Oliveiraet al. 2012).

A reacdo inicial se da no momento que ha a remocéo do atomo de hidrogénio do acido
graxo insaturado, gerando um radical livre (Oliveira et al. 2012). Essa fase ocorre a partir de
iniciadores externos, como calor, luz, enzimas catalisadoras e ions metalicos de transicdo como
o0 cobre e o ferro (Coneglian, 2011). Na fase de propagacao, quando ja existe o radical livre, este
reage com o oxigénio para formar o radical peroxil. Esses radicais possuem a capacidade de
remover atomos de hidrogénio de outros acidos graxos insaturados para estabilizarem-se, e
acabam produzindo o hidroperoxido (Coneglian, 2011). Esta propagagédo continua produzindo
hidroperdxido e consumindo gordura insaturada, até que um dos radicais seja removido por
rea¢do com outro radical ou com um antioxidante, formando por fim produtos estaveis, e inibindo

essa reacdo (Melo & Guerra, 2002). Dessa forma, os peroxidos e os radicais livres sdo formados



12

a partir da influéncia matua do oxigénio com o lipidio insaturado, na presenca de alguma fonte
externa (calor, luz, temperatura ou ions metalicos). A decomposicdo dos peroxidos resulta em
diversos compostos (aldeidos, cetonas, hidroxiacidos, hidrocarbonetos, polimeros), sendo que
estes, ddo origem a um odor desagradavel denominado ranc¢o, que deteriora o sabor dos alimentos
(Aradjo, 2011). A rancidez do alimento além de causar alteracao de cor, sabor e odor, pode afetar
a salde e o0 bem-estar dos consumidores, devido 0s compostos toxicos e reativos envolvidos na
deterioracdo (Hilton, 1989).

1.3 Estresse oxidativo e radicais livres em caes

O estresse oxidativo é definido como o excesso de formacdo e/ou remocao
insuficiente de moléculas reativas (radicais livres), tais como: espécies reativas de oxigénio
(EROs) e espécies reativas de nitrogénio (ERNs) (Carocho & Ferreira, 2013). Durante a reducao
do oxigénio molecular, EROs sdo formadas e existe a necessidade permanente de inativar estes
radicais livres. As consequéncias do estresse oxidativo podem ser variadas, de acordo com o tipo
celular e com sua intensidade. Segundo Halliwell & Gutteridge (2007), os principais efeitos sdo:
1. Dano celular: pode envolver dano a um ou mais tipos de biomoléculas, como lipidios,
proteinas, DNA e carboidratos. Em casos de dano menor, a célula pode sobreviver com algum
dano oxidativo persistente e irrepardvel, ou ainda promover o seu reparo. 2. Senescéncia:
sobrevivéncia da célula, mas com o sistema de divisao celular comprometido. 3. Morte celular:
apos o dano a célula pode desencadear o processo de morte celular. Danos oxidativos ao DNA,
mitocondria, ou em outros alvos celulares, podem causar morte celular por apoptose ou por
necrose. 4. Proliferacdo celular: algumas células podem responder ao estresse oxidativo atraves
do aumento da taxa de divisdo celular. 5. Adaptacdo: aumento das defesas celulares, como
catalase, superéxido dismutase e glutationa, deixando a célula totalmente, parcialmente ou
superprotegida (a célula estara mais resistente frente a futuros insultos oxidativos mais intensos).
Além disto, os alvos de dano oxidativo podem ser redirecionados, ou ainda, a producgéo basal de
EROs pode ser reduzida

Os radicais livres sdo compostos instaveis gerados em muitos processos fisiologicos e
exercem fungOes importantes no organismo. S&o formados em um cenario de reagdes de oxido
reducdo, provocando essas reacdes ou delas resultando. Podem ceder o elétron desemparelhado
e serem oxidados ou podem receber outro elétron e serem reduzidos (Okezie, 1998). Essas
reacOes ocorrem no citoplasma, nas mitocondrias ou na membrana citoplasmatica, e o seu alvo

celular (proteinas, lipideos, carboidratos e moléculas de DNA) esta relacionado com seu local de
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formacdo (Manach et al., 2004). O principal local de formacao de espécies reativas de oxigénio
e radicais livres ocorre nas mitocondrias, pois estas consomem mais de 90% do oxigénio
disponivel no organismo. A enzima citocromo oxidase adiciona quatro elétrons a molécula de
oxigénio e a reduz a agua, seguindo quatro passos sequenciais, nos quais libera sucessivas
espécies reativas (Valko et al., 2007). As espécies reativas de oxigénio (EROs) incluem radicais
livres, como: anion superoxido (O2 -), hidroxil (OH), peroxil (RO>), hidroperoxil (HRO), assim
como espécies ndo radicais, que apesar de ndo possuirem elétrons desemparelhados sdo muito
instaveis, como por exemplo: peréxido de hidrogénio (H20>) e &cido hipocloroso (HOCL). As
espécies reativas ao nitrogénio (ERN) incluem radicais livres como o 6xido nitrico (ON) e
dioxido de nitrogénio (NO2 -), assim como espécies ndo radicais, por exemplo: peroxinitrito
(ONOO-), 6xido nitroso (HNO) e peroxinitrato (RONOO) (Turko et al., 2001; Evans et al.,
2002; Edeas, 2011). Os radicais livres podem ser originados de outra forma enddgena, como 0s
fagdcitos, que destroem células infectadas por bactérias ou virus, liberando oxidantes: 6xido
nitrico, anion superoxido e peréxido de hidrogénio. Desse modo, os radicais livres também
possuem um papel de destaque no organismo, fazendo parte da defesa imune primaria (Valko et
al., 2007).

1.4 Antioxidantes

Alguns aditivos sdo utilizados na industria de alimentos para animais de companhia,
sendo que dentro destes, a classe mais importante sdo os antioxidantes que atuam como
mecanismo de defesa contra a formacdo de radicais livres, controlando reagfes de oxidagédo
lipidica dos alimentos, preservando suas caracteristicas organolépticas, qualidade e seguranca
nutricional (Gross, et al., 2013). Os antioxidantes sintéticos foram aprovados em 1948 para 0 uso
em alimentos de consumo humano e animal, desde entdo, a sua utilizacdo se tornou fundamental
para garantir a vida de prateleira de muitos produtos (Vasconcellos, 2011). Antioxidantes
sinteticos como hidroxianisol butilado (BHA), hidroxitolueno butilado (BHT), terc-butil
hidroguinona (TBHQ) e etoxiquin séo substancias autorizadas utilizadas de acordo com o teor
de gordura da racdo e concentracdo preconizada pelo Ministério da Agricultura, Pecuéria e
Abastecimento — MAPA (BRASIL, 1974). Estes compostos, se utilizados em doses excessivas,
podem apresentar danos a satde dos animais (NRC, 2006; Botterweck, 2000; Hilton, 1989;).

O etoxiquin j& possui proibi¢des de uso em toda Europa, e no Brasil a sua utilizagdo é
quase nula na indudstria de alimentos para animais de estimacéo, e quando utilizadas, sob dose

segura a saude dos animais (Bunghez, 2012). Os cées sdo mais suscetiveis aos efeitos nocivos do
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etoxiquin, e os primeiros relatos de tais efeitos foram recebidos pela FDA (Food and Drug
Administration) em 1988. Os sinais clinicos observados por donos de cdes e veterinarios foram
lesGes no figado, rim, tireoide e disfuncdo reprodutiva, efeitos teratogénicos e cancerigenos,
reacOes alérgicas e uma série de anormalidades na pele e pelo (Dzanis, 1991).

A regulamentacdo da utilizacdo de antioxidantes € regida individualmente por cada
pais (Pokorny, 2001). No Brasil, o Ministério da Agricultura, Pecuaria e Abastecimento (MAPA)
é orgao responsavel por classificar os antioxidantes como aditivos alimentares e determina as
doses maximas permitidas desses compostos na alimentacdo animal, buscando efeitos na
conservacao do alimento, assim como conferir seguranca aos alimentos destinados ao consumo
animal. Misturados ou individualmente 0 BHA e 0 BHT ndo devem exceder o valor de 150 mg/kg
de dieta total; para cées etoxiquin é permitido com teor maximo de 100 mg/kg de dieta total;
TBHQ néo parece ter restricbes na dieta total para animais de companhia, no entanto, o limite
méaximo recomendado pela AAFCO é de 200 mg/kg de gordura da racdo completa (MAPA,
2016), sendo dentro desses, 0o BHT e BHA os antioxidantes mais utilizados no Brasil.

Os avancos nas pesquisas na area de nutrigendmica em cées e gatos, demonstram a
acdo da composicdo dos alimentos e aditivos em marcadores genéticos ligados a enfermidades,
como o cancer por exemplo, estas descobertas também sugerem gue um aumento na expectativa
de vida pode ser atingido mediante 0 aumento no status antioxidante dos animais. Existe um
potencial consideravel para elevar a atividade enzimatica antioxidante mediante a suplementagéo
nutricional: a) com selénio aumentando a atividade de glutationa peroxidase; b) cobre, zinco e
manganés aumentando a atividade da superdxido dismutase, e ¢) com ferro aumentando a
atividade da catalase (Heaton et al., 2002).

Em vista das demandas de mercado atuais e de proprietarios de cées e gatos cada vez
mais exigentes com relagdo a nutricdo e salde de seus animais, existe na industria a tendéncia de
substituir antioxidantes sintéticos em alimentos comerciais por compostos naturais com potencial
antioxidante, com o intuito de manter a estabilidade do produto sem adi¢do de componentes
artificiais. As racGes com apelo natural e saudavel, grande tendéncia no mercado pet, surgiu
devido a cobranca de proprietarios relacionadas aos maleficios e toxicidade de ingredientes
artificiais, como antioxidantes sintéticos, a salde dos seus animais de estimacdo (Carciofi &
Jeremias, 2010).

O animal possui um sistema elaborado e complexo de defesa antioxidante para tratar
dos ataques de radicais livres. Entretanto, evidéncias estdo aumentando o indicativo dos
beneficios de adicionar antioxidantes em dietas para dar suporte ao sistema de produgdo propria

do organismo, e sabemos que o adicionamento de mais de um antioxidante teremos um efeito
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sinérgico no combate aos radicais livres produzidos no organismo (Rocha, 2008). Estudos
toxicoldgicos realizados com roedores alimentados com alimentos conservados por aditivos
sintéticos, demonstraram a possibilidade de apresentarem efeito carcinogénico e hiperplasia
gastrointestinal (Ramalho & Jorge, 2006). Os antioxidantes sintéticos, por motivo de risco
potencial a salde humana e animal, vém sendo substituidos por antioxidantes naturais
provenientes de fontes vegetais, considerados mais seguros a satde (Coneglian, et al., 2011).

Os antioxidantes naturais estdo presentes em ervas e especiarias, frutas e vegetais
(Sikora, 2008). A acdo desses compostos consiste no combate aos radicais livres através da
doacdo de um atomo de hidrogénio; quelando metais de transicdo, interrompendo a propagacéo
dos radicais livres; e reparando a lesdo a moléculas atacadas por esses (Podsedek, 2007). Os
efeitos antibacterianos, antiparasitarios e antioxidantes de substancias bioativas, originarias de
extratos de plantas sdo bem conhecidos e demonstram excelente efeito na dieta dos animais
(Knowles 2002).

Dentre as especiarias, 0 extrato de alecrim é o que apresenta o maior poder
antioxidante, e este efeito deve-se principalmente a capacidade antioxidante dos seus
constituintes fenolicos (acido carnosico, carnosol, &cido rosmarinico, acido caféico e ester do
acido hidroxicindmico) sequestrar radicais perdxidos (Ramalho & Jorge, 2006). A sua
utilizacdo no Brasil como antioxidante alimentar ja é autorizada (ANVISA, 2019), e
amplamente utilizada em alimentos da linha humana. Os extratos de alecrim em solventes de
diferentes polaridades, como o 6leo essencial, apresentaram atividade antioxidante superior ou
semelhante ao BHA, BHT e TBHQ (Mariutti & Bragagnolo, 2007). Os Gleos essenciais sao
produzidos por células secretoras e resultam em produtos aromaéticos do metabolismo
secundario de plantas, podendo estar concentrados em uma regido do vegetal, como nas folhas,
casca ou frutos (Conner, 2003). Inimeros relatos sdo encontrados na literatura sobre a atividade
biol6gica de extratos vegetais, como acdo antibacteriana (Al-Turki et al., 2008), atividade
antioxidante (Starzyniska- Janiszewska et al., 2008), acdo anti-inflamatdria e analgésica (Bose
et al., 2007; Diaz-Viciedo et al., 2008), acdo antifingica (Korukluoglu et al., 2008), atividade
antitumoral (Kaileh et al., 2007),dentre outras.

As especiarias e seus derivados, elementos conhecidos como agentes para conferir
sabor e odor aos alimentos, assumiram papel de destaque por serem usados como potenciais
agentes inibitérios de microrganismos, revelando uma nova perspectiva para a indudstria de

alimentacdo animal.
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1.4.1 Oleo essencial de cravo-da-india

O cravo-da-india (Eugenia caryophyllata Thunb.) é uma planta arbérea, nativa das
Ilhas Molucas (Arquipélago da Insulindia, Indonésia), possui odor fortemente aromatico, sabor
ardente e caracteristico (Costa, 2000). Das sementes, extrai-se o0 acido eugénico, incolor e de
sabor picante; sendo sua composic¢ao quimica constituida principalmente por fenilpropanoides,
eugenol, acetato de eugenol, beta-cariofileno, acido oleénico, e substancias das classes:
triterpeno, ceras vegetais, cetonas, resinas, taninos e esterais.

Os principais produtos derivados do cravo comercializados no mercado sdo o 6leo
essencial puro ou produtos derivados dele, cuja principal aplicacdo € como anestésico local em
odontologia e industria cosmética (Sritabutra & Soonwera, 2013), e, também é utilizado na
producdo animal com as funcBes antioxidante, antimicrobiana, antisséptica e anestésica (Karre
et al.,, 2013). A atividade antioxidante do 6leo essencial de cravo-da-india é atribuida aos
compostos fenilpropandides que podem atuar como antioxidantes primarios pelo sequestro de
radicais livres formados durante a iniciacdo ou propagacdo da reacdo de oxidacdo (Biesalski,
2000). Conforme estudos conduzidos por Legault & Pichett (2007) o 6leo de cravo demonstrou
acdo terapéutica em infeccdes produzidas por estafilococos, especialmente quando aplicado de
forma topica, em feridas contaminadas.O eugenol apresenta efeito anti- inflamatério,
cicatrizante, analgésico e é eficaz no combate e diminui¢do de bactérias (Nascimento et al.,
2000). Seus efeitos medicinais compreendem o tratamento de nauseas, flatuléncias, indigestéo,
diarreia, também é usado como anestésico e antisséptico para o alivio de dores de dente
(Nascimento et al., 2000). Além do cravo, o eugenol é constituinte de varios outros 6leos
essenciais, como canela, sassafras e a mirra (Kim et al., 1997). De acordo com Mau et al.
(2001) os extratos de cravo-da-india reduzem a contagem de Escherichia coli e outras bactérias

durante a armazenagem de sucos, leites e chas.

1.4.2  Oleo essencial de orégano

O oleo essencial de orégano (Origanum vulgare), contém em sua composi¢do carvacrol,
timol, terpenos, acido rosmarinico, além de outras substancias ditas como benéficas a salde,
incluindo também flavonoides, magnésio, célcio, zinco, ferro, potassio, cobre, boro, manganés,
vitaminas A, E, C e niacina, o que proporciona inimeras propriedades medicinais (Bharti &
Vasudeva, 2013). Devido a presenca de acido fendlico e flavonoides, o 6leo essencial de orégano

possui alta atividade antioxidante, além de propriedades antimicrobianas contra patégenos
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presentes em alimentos, tornando a planta em um potente conservante natural de alimentos
(Coskun et al., 2014). Experimentos mostraram a utilizacdo do seu 6leo essencial prorroga a vida
atil de alimentos, reduzindo o risco de contaminacdo do alimento (Nascimento et al., 2007).

O estudo de Pitaro et al. (2012) que focou na mensuracdo da estabilidade oxidativa, o forte
potencial antioxidante de extratos de manjericdo e orégano em Oleo de soja. A maioria dos
estudos mostram aplicacdes do 6leo essencial de orégano em alimentos focados no aspecto
antimicrobiano, como Busatta et. al (2007) mostrando o controle de Listeria monocytogenes em
linguica frescal pela acdo de nisina sinergicamente com 6leo essencial de orégano, relatando que
com uma concentracéo relativamente baixa do 6leo proporcionou uma maior vida Gtil do produto
com alteracdo minima em parametros sensoriais. De acordo com os diversos trabalhos relatados
é possivel observar que o 6leo essencial de orégano possui atividade antimicrobiana reconhecida

0 que favorece a conservacao dos alimentos.

1.4.3 Oleo essencial de alecrim

A espécie de planta Rosmarinus officinalis L., conhecida usualmente como alecrim, €
procedente da Regido Mediterranea e possui porte subarbustivo lenhoso, ereto e pouco
ramificado de até 1,5 m de altura. As folhas, muito aromaticas, medem de 1,5 a 4 cm de
comprimento por 1 a 3 mm de espessura (Lorenzi & Matos, 2006). Dentre as ervas aromaticas,
o0 alecrim € uma das que apresenta maior poder antioxidante (Cuvelier, 1994). Borras-Linares et
al. (2014) demonstraram gue o alecrim pode ser usado como fonte natural de varios compostos
bioativos, em particular, o carnosol, o &cido carndsico e os triterpenos, 0s quais podem ser
ingredientes relacionados as aplicacdes na medicina complementar, bem como na conservacao
de alimentos, como antioxidantes naturais. O 6leo de alecrim possui atividade farmacoldgica
atribuida ao seu contetdo de compostos fendlicos (Afonso et al., 2010).

O efeito antioxidante do alecrim deve-se, principalmente, a capacidade dos constituintes
fenolicos (acido carndsico, carnosol, acido rosmarinico, acido caféico e éster do acido
hidroxicinamico) de doar hidrogénio para os radicais livres, formando radicais estaveis, e em
parte a capacidade de sequestrar radicais superdxidos (Doria, 2000). Além de antioxidante,
estudos demonstram que o Oleo essencial de alecrim possui efeito antibacteriano contra
bactérias Grampositivas e Gram negativas (Karamanoli et al., 2000; Inouye et al., 2001). Hras
et al. (2000) observaram que o extrato de alecrim, comparado com antioxidantes sintéticos e
naturais, apresentou 0s menores indices de oxidagdo para o 6leo de girassol. Ja Nassu et al.
(2003) demonstraram que o extrato de alecrim foi efetivo na protegdo contra a oxidagdo de

embutido fermentado de carne de caprinos.



18
1.4.4 Vitamina E

A vitamina E é um termo universal utilizado para referir-se a uma familia de oito
compostos que exibe atividade antioxidante, sendo a forma mais ativa 0 RRR-alfa-tocoferol,
responsavel por cerca de 90% da vitamina E encontrada no tecido animal (Debier & Larondelle,
2005; Traber, 2012). O alfa-tocoferol possui a capacidade de eliminar os radicais peroxil durante
a propagacao da peroxidacdo lipidica, consistindo em um antioxidante de quebra de cadeia, pois
impede a reagdo em cadeia da peroxidac&o lipidica, mas ndo impede a formacéo inicial do radical
peroxil lipidico (Burton & Ingold, 1981). Além de possuir a capacidade de proteger os acidos
graxos poliinsaturados (PUFAS), especialmente o acido araquidénico e o0 acido docosahexanoico
(DHA) (Lebold & Traber, 2014).

Os isdmeros de vitamina E estdo presentes nos vegetais, desempenhando funcéo
antioxidante para a manutencdo dos tecidos, como também nos animais. A legislacao brasileira
permite a adicdo de 300 mg/kg de tocoferdis em 6leos e gorduras, como aditivos intencionais,
com funcédo de antioxidante (Abia, 1999). A vitamina E é o maior antioxidante lipossoltvel no
plasma, eritrocitos e demais tecidos, nos quais sua principal funcdo é o sequestro de radicais
livres para prevenir a oxidacdo dos acidos graxos poliinsaturados das membranas celulares,
grupos tiodis de proteinas e &cidos nucleicos (Zaine, et al., 2014). A vitamina E também apresenta
funcdes na modulacao da sintese de prostaglandinas, regulacdo na sintese de proteina quinase e
sintese da xantina oxidase, no entanto, a funcao antioxidante parece ser a principal (NRC, 2006).

As informac6es sobre toxicidade da vitamina E sdo pouco estudadas em caes, no entanto,
sabe-se que a utilizacdo de elevadas concentracBes nos alimentos prejudica a absorcdo das
vitaminas A e K, apesar de estudos com dosagens extremamente elevadas em cées terem falhado
em demonstrar efeitos toxicos (Zaine, et al., 2014). Cées adultos suplementados com um blend
de antioxidantes, em dosagens quatro vezes superiores as recomendadas de vitamina E em
alimentos para animais adultos, apresentaram elevacdo nas concentraces séricas de taurina e
vitamina E, que foram associadas com menor dano sofrido ao DNA, melhora na resposta vacinal
e melhor atividade antioxidante do plasma sanguineo (Heaton et al., 2002). S&o raros os trabalhos
encontrados com vitamina E na nutricdo clinica de cdes e gatos, apesar de ser relatado seu
possivel uso como tratamento adjuvante para doencas dermatologicas e hepatobiliares
(Vandeweerd, et al., 2013).
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1.4.5 Blend antioxidante

Uma variedade de diferentes antioxidantes naturais ja é conhecidos como &cidos fendlicos,
carotenoides e vitaminas (Xu, et al., 2017). No entanto, hd uma diferenca de polaridades entre os
antioxidantes, caracterizando a “teoria do paradoxo polar”, existem antioxidantes naturais
hidrofobicos e hidrofilicos, que quando utilizados de forma individual levam a estabilizacdes
insuficientes dependendo da matéria prima a ser preservada (Frankel & Meyer, 2000). Um
produto comercial na forma de blend antioxidante deve buscar combinar componentes ou
ingredientes que tenham atividade antioxidante potente; capaz de potencializar ainda mais a
funcionalidade desejada; motivo pelo qual sera utilizado nessa dissertacdo um produto em fase

de teste a base de Oleos essenciais (cravo, alecrim e orégano) e vitamina E.

1.5 Objetivos

1.5.1 Geral
Verificar se a adicdo de um blend de éleos essenciais de alecrim, cravo, orégano e
vitamina E demonstrara efeitos positivos na conservacdo da racédo, e se apresentara beneficios

a salde dos cdes comparada a uma ragdo com aditivos sintéticos.

1.5.2 Especificos
- Utilizar o blend de 06leos essenciais de alecrim, cravo, orégano e vitamina E como
conservante na racdo experimental em substituicdo a antioxidantes sintéticos e analisar

qualidade (reacGes oxidativas e peroxidacao lipidica) apds armazenamento da racao.

- Determinar se 0 consumo de racdo com adicdo de conservantes naturais (blend de éleos
essenciais) afetara positivamente o metabolismo proteico, lipidico e de carboidrato sérico

em caes.

- Analisar se 0 consumo de racdo contendo o blend de 6leos essenciais de alecrim, cravo,

orégano e vitamina E na dieta causara alteragdes no status antioxidante em caes.

- Avaliar os efeitos antibacterianos do blend de 6leos essenciais de alecrim, cravo,orégano

e vitamina E através da contagem bacteriana total das fezes do cées.
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2. CAPITULOII

MANUSCRITO

Os resultados desta dissertacdo sdo apresentados na forma de um manuscrito, com sua

formatacdo de acordo com as orientagdes da revista ao qual foi submetido:
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2.1 MANUSCRITO |

Adicdo de uma mistura de 6leos essenciais (cravo, alecrim e orégano) e vitamina E
para substituir os antioxidantes quimicos convencionais na racao para cées: efeitos na

qualidade da racéo e saude dos beagles

Taise Mendes Maldaner Schlieck?, Tiago Goulart Petrolli, Bianca Bissacotti®, Priscila M.

Copetti®, Nathieli B. Bottari®, Vera M. Morsch®, Aleksandro Schafer da Silva*
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ABSTRACT
The aim of this study was to produce dog feed containing natural antioxidants (blend of
essential oils of rosemary, oregano, cloves, and vitamin E) to replace synthetic antioxidants,
as well as to determine the effects on feed conservation and animal health sequentially. The
feeds were produced in a commercial factory, and the antioxidants were added at the oil bath
stage. Ten adult beagle dogs were used, divided into two treatments; control treatment
(TCON; synthetic antioxidant feed [butylhydroxytoluene] n = 5) and test treatment (TNAT;
natural antioxidant feed; blend of essential clove oils, rosemary, oregano, and vitamin E; n =
5). The experiment was carried out in two time points with an interval of 15 days each, at the
first time point, the dogs that were part of the TCON group were placed in the TNAT group
during the second period, which allowed us an “n” sample of ten for each treatment. The dogs
were weighed at the beginning and end of each experimental period, and it was found that
there was no difference between treatments for body weight (P > 0.05). In both treatments,
feed conservation efficiency was observed, which demonstrate the feasibility of using natural
sources as antioxidants in dog feed because chemical and oxidative variables did not differ
regardless of the antioxidant used during production. The animals' metabolic and
hematological variables were not influenced by the treatments (P>0.05); however, a reduction
in the number of lymphocytes was observed over time only in the dogs of the TNAT group.
There was also a day effect for total leukocyte, neutrophil, and erythrocyte counts only in
TNAT animals, which means that there was a significant increase (P<0.05) in the variables on
day 28. There was an effect of the treatment and a interaction treatment x day for TBC,
whereas a decrease in the bacterial count (P<0.05) was observed in TNAT dogs' feces on days
14 and 28. Dogs fed the TNAT diet had lower reactive oxygen species (ROS) (P<0.05) that
can minimize oxidative stress. There was a treatment effect on the levels of NPSH and
glutathione S-transferase in TNAT; which means, there was an increase in these variables,

which may explain the decrease in ROS levels. We conclude that natural antioxidants in dog
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feed, in addition to promoting feed conservation, stimulate levels of systemic antioxidants and

minimize the impacts caused by free radicals in the dogs’ blood.

KEYWORDS: Animal health, conservants; feed; natural antioxidant.

1. INTRODUCTION

The closeness between humans and pets, such as dogs and cats has increased over the
years and is directly related to changes in feeding these animals (Pauliuc & Fu, 2018).
Commercial pet feeds are formulated to meet specific nutrient needs to supply dogs and cats'
various physiological states (Franga et al., 2011). Some additives are used in the pet feed
industry, as the antioxidants, that are the most important, as they act as defense mechanisms
against the formation of free radicals, controlling feed oxidation reactions, and preserving
their organoleptic characteristics, quality, and nutritional safety (Vasconcellos, 2011). In
Brazil, synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), tert-butyl hydroquinone, and ethoxyquin are authorized substances
that are used according to the fat content of the feed and the concentration recommended by
the Ministry of Agriculture, Livestock, and Supply (Brasil, 1974). If used in excessive doses,
these compounds can damage animal health (NRC, 2006; Botterweck, 2000; Hilton, 1989).
The advances in research in nutrigenomics in dogs and cats demonstrate the effects of the
composition of feed and additives on genetic markers linked to diseases, including cancer.
These findings suggest an increase in life expectancy, and it can be achieved by increasing the
animals' antioxidant status (Heaton et al., 2002). Pet feed with natural and healthy appeal
appears on the market; as a consequence of reports from owners and veterinarians related to
allergic processes and toxicity of artificial ingredients, such as synthetic antioxidants (Carciofi

& Jeremias, 2010). Spices and their derivatives, agents that impart flavor and odor to feeds,
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assumed a prominent role because they are used as potential inhibitory agents for
microorganisms, revealing a new perspective for the animal feed industry.

Among the primary products derived from cloves are pure essential oils or, products
derived from them. Their primary application is local anesthesia and antisepsis in dentistry
(Sritabutra & Soonwera, 2013). The antioxidant activity of the essential oil of cloves is
attributed to phenylpropanoid compounds, that act as primary antioxidants by sequestering
free radicals formed during the initiation or propagation of the oxidation reaction (Biesalski,
2000). The essential oil of oregano (Origanum vulgare) composed of carvacrol, thymol,
terpenes, rosmarinic acid, in addition to other beneficial substances, including flavonoids,
magnesium, calcium, zinc, iron, potassium, copper, boron, manganese, vitamins A, E, C and
niacin, has numerous medicinal properties (Bharti & Vasudeva, 2013). Experiments have
shown that the essential oregano oil extends feed shelf life, and reduce contamination risk
(Nascimento et al., 2007). Rosemary oil has antioxidant activity, which one is attributed to its
phenolic compounds' content (Afonso et al., 2010). Other studies showed that rosemary
essential oil has anti-bacterial effects against Gram-positive and Gram-negative bacteria
(Karamanoli et al., 2000; Inouye et al., 2001). Vitamin E is the largest fat-soluble antioxidant
in plasma, erythrocytes, and other tissues. Vitamin E primary function is the sequestration of
free radicals to prevent the oxidation of polyunsaturated fatty acids in cell membranes, thiol
groups of proteins, and nucleic acids (Zaine et al., 2014).

Antioxidants have various polarities, described in the "polar paradox theory."
Hydrophilic antioxidants with more affinity for water are more effective in nonpolar media;
in contrast, hydrophilic compounds, which have greater affinity and solubility in lipids, are
the best antioxidants in polar media (Frankel & Meyer, 2000). This theory suggests
antioxidants may carry out various activities according to the medium (water and oil or

aqueous emulsion) where they are applied. Because of this, industries have invested in the
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production of commercial products in the form of blends. This is because combining one or
more assets potentiates the desired effects and increases the spectra of action.

Research related to the use of alternative antioxidants is in the early stages of animal
nutrition; however, human nutrition benefits are already well known. Thus, the aim of this
study was to produce dog feed containing natural antioxidants (blend of essential oils of
rosemary, oregano, cloves, and vitamin E) to replace synthetic antioxidants and then

determine their effects on feed conservation and animal health.

2. MATERIALS AND METHODS

2.1 Blend of essential oils

The natural antioxidant (commercial product) was a blend of essential oils of clove
(6%), rosemary (2%), oregano (1%) and vitamin E (3.3%), and vehicle (soybean oil, 87.7%).
The dosage of natural antioxidant was 1% (1000 mg per kg of feed produced), the same

amount of synthetic antioxidant (BHT) was used in the control treatment.

2.2 Feed production

The feed was manufactured using extrusion technology at 100 °C for 2.5 minutes in
pre-extrusion, at 120 °C for 20 seconds in extrusion, and 120 °C in the drying for 25 minutes,
leaving 9% moisture. Following this procedure, the feed particles were added to a flavoring
bath with liver hydrolysate using in-line spray nozzles, followed by a fat bath with poultry fat,
and the addition of the essential oils blend, also by in-line sprinklers. Subsequently, the feed
was cooled, reducing its temperature to 10 °C above room temperature for subsequent
packaging. The entire process was carried out in a commercial dog feed mill factory; 1000 kg
of feed was produced, corresponding to the facility's minimum capacity. The feed was

classified commercially as premium; that is, it used higher quality and digestibility
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ingredients. The experimental diets had the same nutritional value as described in Table 1, the

only difference being the inclusion of antioxidants.

2.3. Feed preparation to assess time effect and analysis
The feed produced was stored in commercial packaging, opened at 60-day intervals

for 12 months for sampling and analysis of its composition, as described below.

2.4 Chemical composition of the feed
The analyses of dry matter, mineral matter, crude protein, and neutral detergent fiber

were carried out following Silva and Queiroz (2002).

2.5 Feed levels of oxidants and antioxidants

Thiobarbituric acid reactive substances (TBARS), reactive oxygen species (ROS),
protein thiols (PSH), and non-protein thiols (NPSH) were measured in the feed. The feed was
homogenized in a physiological solution (1/9 v), centrifuged (2800 g for 10 min), and the
supernatant was frozen until further analysis. The analysis were performed according to the

techniques described by Campigotto et al. (2020), standardized for dog feed samples.

2.6 Animals and experimental design

Ten adult male beagle dogs were used as experimental models. The animals were
housed in an experimental kennel under controlled temperature (24 °C), with two collective
kennels and ten pens for individual feeding. Externally, there was a shaded area which the
animals had access during the day. Two groups were formed with five animals each; one group
of dogs consumed a diet containing natural antioxidants (a blend of essential oils; TNAT).
The other group was composed by dogs consuming a control diet containing BHT (TCON).

It is important to note that all animals (n = 10) consumed both feeds, as the experiment had
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two time periods of 28 days, with an interval of 15 days between them; that is, the dogs that
were in the TCON group at the first period necessarily were in the TNAT group at the second
period. In this way, they provided us with a large sample size, i.e., ten animals per treatment.
The animals were fed twice per day (180 g feed/animal/day) in individual kennels. The amount
of feed offered was calculated based on the animals’ metabolic energy requirements according
to the energy density of the feed, following the methodology of the NRC Dogs and Cats

(2006). Dogs had access to drinking water ad libitum.

2.7 Sampling

Blood samples were collected on days 1, 14, and 28 of the experiment, in each
experimental stage, after 12 hours of fasting. The dogs were manually restrained, and blood
was collected through the jugular vein using a syringe (5 mL) and needle (25/7 caliber). The
collected blood was placed in tubes containing anticoagulant (EDTA) for blood count
analysis, and tubes without anticoagulant, centrifuged (5,500 g for 10 min) to obtain serum.
Fresh feces samples were collected on days 1, 14, and 28 of each experimental step to analyze
total bacterial count (TBC). The feces were collected immediately after excretion, identified,

and stored in a thermal container until arriving at the laboratory.

2.8 Hemogram

The number of erythrocytes and leukocytes, hemoglobin concentration, and hematocrit
were obtained using an automatic counter (I COUNTER 3D®). Leukocyte differential counts
were performed using blood smear stained using the Romanowsky technique, with 100

cells/slide identified under an optical microscope (1000x).

2.9 Serum biochemistry
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Serum levels of cholesterol, low-density lipoprotein (LDL), high-density lipoprotein
(HDL), triglycerides, blood glucose, albumin, urea, creatinine, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase (GGT) were

analyzed in an automatic Labmax Plenno® equipment using commercial Kovalent® Kits.

2.10 Prooxidant/antioxidant analysis
Serum analysis of oxidant/antioxidant status was performed: reactive oxygen species
(ROS), non-protein thiols (NPSH), glutathione S-transferase (GST), and glutathione

peroxidase (GPx) were assayed according to the methodologies described below.

2.10.1 ROS

Serum ROS levels were measured using the method described by Ali et al. (1992).
Serum (10 pL) was incubated with 12 pL of dichlorofluorescein (DFC) per mL at 37 °C for 1
h in the dark. Fluorescence was determined using 488 nm for excitation and 520 nm for

emission. The results were expressed as U DCFA/uL.

2.10.2 Non-protein thiols (NPSH)

The method using 5,5-dithiobis 2-nitrobenzoic acid (Sigma) was used to measure
NPSH as described by Sedlak and Lindsay (1968). In NPSH, the samples were measured after
deproteinization with acid trichloroacetic (50%). The absorbance readings (405 nm) were
performed using a spectrofluorometer (Biotek, Synergy HT) values were expressed as mMol

NPSH/mL.

2.10.3 GST activity
GST activity was measured according to Mannervik and Guthenberg (1981), with

modifications. Briefly, GST activity was measured by the rate of formation of dinitrophenyl-
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S-glutathione at 340 nm in a medium containing 50 mM potassium phosphate at pH 6.5, 1
mM GSH, 1 mM 1-chloro-2, 4-dinitrobenzene (CDNB) as substrate and tissue supernatants

(approximately 0.045 mg protein). The results were expressed as umol CDNB/min.

2.10.4 Glutathione peroxidase (GPx) activity

GPx activity was measured using tert-butyl hydroperoxide as a substrate (Wendel
1981). The enzyme activity was determined by monitoring the disappearance of NADPH at
340 nm in a medium containing 100 mM potassium phosphate buffer / 1 mM EDTA at pH
7.7 and 2 MM GSH, 0.1 U/mL GR, 0.4 mM azide, 0.5 mM tert-butyl hydroperoxide, 0.1 mM
NADPH, and tissue supernatants. The results were expressed as pmol oxidized

NADPH/min/mL.

2.11 TBC in stool

Aseptically, 1 gram of each stool sample was weighed and diluted in 9 mL of buffered
peptone water in a sterile test tube, homogenized in a vortex shaker, which resulted in the 10
! dilution, continuing dilutions up to 10, always inoculating 1 mL of the previous dilution in
9 mL of buffered peptone water. Then, 200 pl of the 10 dilution of each sample were
inoculated in a Petri dish, previously prepared with standard agar for counting and incubated
in a bacteriological oven at 37 °C for 48 hours. Counting was performed using a colony

counter, and the results expressed in colony-forming units per gram.

2.12 Statistical analysis

Each animal was considered the experimental unit for all analyses. Data were tested
for normality and homogeneity of variance using the Shapiro-Wilk and Levene tests,
respectively. The results of TBC in feces and serum concentration of ROS required log-

transformation to achieve normality (W > 0.90) and homogeneity (P > 0.10) and were back-
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transformed to original units for description. All data were analyzed using the MIXED
procedure of SAS (SAS Inst. Inc., Cary, NC, USA; version 9.4) with the Satterthwaite
approximation to determine the denominator degrees of freedom for the test of fixed effects.
The results of body weight (BW) changes were tested for fixed effects of treatment and using
animal and period as a random variable. All other variables (BW, TBC in feces, serum
biochemistry, serum antioxidant responses, and hemogram) were analyzed as repeated
measures and tested for fixed effects of treatment, day, and treatment x day, and using animal
and period as random variables. The results of day 1 were also included as independent
covariates in each respective analysis but were removed from the model when P > 0.10. The
compound symmetric covariance structure was selected as TBC in feces. A Toeplitz
covariance structure was selected for serum concentration of LDL and HDL; a first-order
autoregressive covariance structure was selected for all other variables. The covariance
structures were selected according to the lowest Akaike information criterion. Means were
separated using PDIFF, and all results were reported as LSMEANS followed by SEM.
Significance was defined when P < 0.05, and tendency to significance when P > 0.05 and <

0.10.

3. RESULTS

3.1. Feed analysis
3.1.1 Chemical composition

The results from feed’s chemical composition are presented in Table 2. The contents
of dry matter (DM), mineral matter (MM), crude protein (CP), and neutral detergent fiber
(NDF) did not differ between treatments, regardless of the type of antioxidant used. This result

demonstrates the feasibility of using a preservative from a natural source because the blend-
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type combination tested in this study provided stability in dogs’ feed chemical composition,

guaranteeing the nutritional value of the feed over 12 months.

3.1.2 Oxidant and antioxidant levels
The levels of antioxidants and oxidants in the diets are presented in Table 2. Levels of
TBARS, ROS, PSH, and NPSH were similar between treatments, demonstrating guaranteed

feed stability using natural sources in blend form as substitute synthetic antioxidants.

3.3 Body weight
There was no significant difference between groups for BW in all experimental stages
(Table 3). However, over time, a decrease in body weight was observed in both groups (P <

0.05).

3.4 Hematological analysis

The blood count results are presented in Table 4. There were no significant differences
(P > 0.05) between treatments for blood count analysis. An increase in the total erythrocyte
was observed (days 14 and 28) (P < 0.05) in both treatments. There was an interaction between
treatment and day for the number of total leukocytes; which means that there was an increase
(P < 0.05) on day 28 in the TNAT group, and a trend (P = 0.07) of an increase in neutrophil
count in the day 28 in the same group. There was an influence (P < 0.05) of day on the number
of lymphocytes on days 14 and 28 in the dogs in the TNAT group; that is, the number of cells

reduced over time.

3.5 Serum biochemical analysis
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There were no significant differences (P > 0.05) between groups for serum
biochemical variables cholesterol, LDL, HDL, triglycerides, glycemia, albumin, urea,
creatinine, AST, ALT, or GGT. There were no interactions of the type of antioxidant used in

feed with the animals' metabolic variables.

3.6 Plasma oxidant and antioxidant status

ROS levels were lower (21.5%) in animals in the TNAT group than in the TCON group
(P < 0.05), as demonstrated in Table 5. GPx did not differ between groups or, over the time
(P >0.05). GST was higher (on days 14 to 28) in animals in the TNAT group (P < 0.05) than
in the TCON group. NSPH levels (days 14 and 28) were higher (33.3%) in dogs in the TNAT

group (P < 0.05) than in the TCON group.

3.7 Bacterial stool count
There was a decrease (P < 0.05) of 17.28% in the bacterial count in the feces of dogs

fed the diet of the TNAT group, compared to the TCON group (Figure 1).

4. Discussion

We observed that the inclusion of the natural antioxidant, composed of a blend of
essential oils and vitamin E, provided stability to the feed in the same way as the diet
containing synthetic preservatives (BHT). Similar results were reported by Mariutti &
Bragagnolo (2009), who used extracts of sage, oregano, and thyme and observed that the
natural extracts showed antioxidant activity superior or similar to butylated hydroxyanisole,
BHT, and tert-butyl hydroquinone in chicken meat. We believe that the dosage of natural
antioxidants used in the present study effectively protects the feed without interfering with the
feed's chemical composition. Gross et al. (1994) analyzed extruded feeds stored for dogs, and

concluded that feed preserved with natural antioxidants showed greater deterioration during
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storage at various temperatures than diets preserved with synthetic antioxidants. This
phenomenon was related to the low concentration of tocopherols in the feed, requiring dosage
adjustments to achieve the same effects as the synthetic antioxidant. In the present study, feed
intake was calculated to meet the needs for maintaining ideal BW for adult beagle dogs,
regardless of treatment, which may have influenced the BW values.

Hematological and serum parameters are good indicators of an animal's physiological,
pathological, and nutritional status; changes in these parameters can be used to elucidate the
impact of additives provided in the diet (Toghyani et al., 2010). Because no significant
differences were observed in the blood count and serum biochemistry variables, we suggest
an absence of diseases or infectious conditions in the animals during the experiment. The feed,
considered to be highly digestible, was adequate for maintaining dogs' homeostasis. We
observed an increase in leukocyte counts over time in the TNAT group, similar to findings
reported by Al-Kassie (2009), who added the essential oil of thyme and cinnamon to the diet
broilers. The authors concluded that essential oils could be growth promoters for chickens.
However, in the present study, this increase within the normal range may be associated with
an improvement in dogs' immune system, partly related to the quality of the feed provided,
classified as super-premium feed, with greater digestibility of ingredients and consequent
better use of nutrients.

Oxidative stress is defined as the imbalance between free radicals' production and their
neutralization through biological enzymatic and non-enzymatic systems. It occurs when there
is an excess of production or reduced antioxidant functions (Machlin & Bendich, 1987). A
potentially effective way to combat oxidative stress is through dietary intervention with
antioxidants (Cantuti-Castelvetri et al., 2000). In the present study, we observed that dogs
belonging to the TNAT group had better antioxidant responses than did the TCON group;
there was an increase in the GST activity and NPSH levels associated with a decrease in levels

of ROS, suggesting less oxidative stress in these animals. For ROS to have beneficial effects
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without causing damage to cells, their concentrations must be kept low by controlling their
formation and neutralization (Valko et al., 2007). Superoxide dismutase, catalase, GPx,
glutathione reductase, and GST participate in ROS's neutralization (Ferreira & Matsubara,
1997). Even though the average ROS levels have shown significant differences between
treatments (Table 5), we observed an increase in ROS levels on the 28th day at TNAT,
which may be associated with the consumption of a more digestible diet that ends up
accelerating the metabolism of the dogs.Vitamin E is the primary protective agent against
lipid peroxidation in biological membranes. Despite being fat-soluble, and therefore acting
against lipid peroxidation, oregano can also neutralize free radicals in the cytoplasm
(Cervato et al., 2000). The increase in antioxidant enzyme activity, with a concomitant
reduction in lipid peroxidation, was also observed by Gumis et al. (2017) in lambs
supplemented with oregano essential oil. In a study conducted by Oliveira e Silva et al.
(2011), testing the effects of rosemary extract on oxidativestress in diabetic rats, the authors
observed increased GST activity, concluding that the inclusion of antioxidants in the diet can
contribute to the reduction of oxidative stress caused by hyperglycemia and by increased
activity of the enzyme defense system. The significant antioxidant capacity of rosemary is
attributed to the presence of phenolic compounds (Macedoet al., 2020).

The decrease in bacterial count in the feces of dogs in the TNAT group may be
associated with the antimicrobial potential of essential oils, corroborating Oliveira et al.
(2019), who analyzed the antimicrobial activity of essential oils (cloves and lemongrass) in
feces from swine, cattle, and poultry; the authors found that essential oils exerted effects
against Gram-positive and Gram-negative bacteria. Xie et al. (2015) observed that, among
essential clove oil components, eugenol is the primary compound that may be responsible for
antimicrobial activity. According to the authors, eugenol inhibits the production of amylase
and proteases by the bacterium and its deterioration and lysis. This active ingredient is widely
used in dentistry as a sealant and antiseptic products. The combination of various antioxidant

substances represents an excellent protection strategy against oxidative stress because the



several mechanisms of action of each component act synergistically.
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CONCLUSION

The blend of essential oils’ inclusion in beagle dogs’ feed was a viable and dual-
purpose option. The components' synergy provided feed stability, prevented oxidation,
favored feed quality, and enhanced dog health. We conclude that the replacement of synthetic
antioxidants by additives from natural sources in feeds for beagles increases systemic
antioxidants' impacts and minimizes the impacts caused by free radicals in their blood, and

also demonstrating antimicrobial properties at the intestinal level.
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Table 1. Ingredients and nutritional composition of experimental diets

Ingredient (g/kg) Control Control + natural antioxidant
(TCON) (TNAT)
Ground corn 331.06 331.06
Soybean meal 250.00 250.00
Meat and Bone Meal (45%) 244.04 244.04
Rice bran 51.85 51.85
Chicken fat 50.00 50.00
Limestone 40.00 40.00
Hydrolyzed liver 25.00 25.00
Premix! 4.00 4.00
Propionic Acid 2.00 2.00
BHT 1.00 -
Natural antioxidant (oil blend) - 1.00
Phosphoric acid 0.50 0.50
L-Taurine 0.40 0.40
Yucca extract 0.25 0.25
Calculated values g/kg g/kg
Crude protein (g/kg) 260.00 260.00
Crude fat (g/kg) 100.00 100.00
Crude fiber (g/kg) 30.00 30.00
Calcium (g/kg) 40.00 40.00
Phosphor (g/kg) 15.53 15.53
Sodium (g/kg) 2.00 2.00
Potassium (g/kg) 7.95 7.95
Chloride (g/kg) 1.68 1.68

1Supplementary vitamins containing, per kg of product: Vit. A - 10,000,000 1U; Vit. D3 - 2,000,000
IU; Vit. E - 30,000 IU; Vit. B1 - 2.0 g; Vit. B2 - 6.0 g; Vit. B6 - 4.0 g; Vit. B12 - 0.015 g; Pantothenic
acid - 12.0 g; Biotin - 0.1 g; Vit. K3 - 3.0 g; Folic acid - 1.0 g; Nicotinamide acid - 50.0 g; Selenium -

250.0 mg; and Excipient g.s.p - 1000 g; Supplementary mineral content per kg of product: Iron - 100.0
g; Cobalt - 2.0 g; Copper - 20.0 g; Manganese - 160.0 g; Zinc - 100.0 g; lodine - 2.0 g; and Excipient

g.s.p - 1000 g.
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Table 2. Composition of the diet with natural antioxidant - Blend of essential oils and Vitamin
E (TNAT) and diet with synthetic antioxidant (TCON) 1, 30, 60, 90, 120, and 150 days after
production and storage.

Chemical composition Days after TNAT Feed TCON Feed
production
Dry matter (%) 30 91.67 92.83
90 91.86 92.79
150 92.30 92.64
210 92.17 92.67
270 92.09 93.23
330 91.98 93.09
Mineral matter (% of DM) 30 11.44 11.29
90 11.56 11.40
150 11.54 11.80
210 11.55 11.56
270 11.61 11.61
330 11.83 11.58
Crude protein (% of DM) 30 24.49 25.09
90 24.46 25.25
150 25.08 25.49
210 2491 25.51
270 24.62 25.46
330 24.81 25.98
Neutral detergent fiber (% of DM) 30 2.39 2.26
90 2.30 2.35
150 2.37 2.43
210 2.28 2.39
270 2.24 2.33
330 2.26 2.51
TBARS (nmol MDA/mg protein) 30 5.782 5.276
90 5.822 4.066
150 5.476 4.700
210 5.253 4.036
270 5.158 4.229
330 4.986 4.770
'ROS (DCFH/mg protein) 30 4.491 4.142
90 4.132 3.168
150 3.844 3.698
210 3.844 3.334
270 3.475 3.120
330 3.930 3.685
1PSH (umol SH/mg protein) 30 7.025 5.555
90 5.452 5.482
150 7.153 5.775
210 6.475 4.321
270 6.452 5.425
330 6.902 3.741
INPSH (nmol NPSH/mL) 30 100.417 119.082

90 109.032 121.109
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150 122.882 136.649
210 08.728 120.518
270 113.592 133.102
330 109.116 118.237

Thiobarbituric acid reactive substances (TBARS), reactive oxygen species (ROS), Protein thiols (PSH)
and non-protein thiols (NPSH).



Table 3. Body weight of beagle dogs receiving experimental diets
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Variable Treatments DP P-Value
Natural Trt
Control (TCON) antioxidan Trt day )
t day
(TNAT)
Body weight 0.98 <0. 0.94
(kg) 01
Day 1 12.09* 12.1147 0.22 -
Day 28 11.338 11.318 0.22 -
Mean 11.71 11.71 0.15 - -
Change in body -0.765 -0.798 0.33 0.94 - -
weight (kg)

A8 Within a treatment, underwriting differs (P < 0.05) or tends to differ (P < 0.10).
*¥ In a line, without the common subscript, it differs (P < 0.05) or tends to differ (P < 0.10).



Table 4. Complete blood counts of beagle dogs receiving experimental diets

Treatments P-value
Control Natural DP Trtx
(TCON antioxidant Trt day day
) (TNAT)
Hematocrit (%) 0.12 <0. 0.90
01
day 1 43.808  44.08° 0.58
day 14 45.16"8  45.88" 0.58
day 28 45.92"  46.63" 0.58
Mean 44.96 45.53 0.30
Hemoglobin 0.33 <0. 0.78
(g/dL) 01
day 1 16.348  16.41¢ 0.20
day 14 16.79%8  17.128 0.20
day 28 16.98"  27.12A 0.20
Mean 16.70 16.88 0.13
Erythrocytes (x 032 0.0 0.81
108uL) 1
day 1 6.388 6.408 0.07
day 14 6.574 6.62% 0.07
day 28 6.55" 6.65" 0.07
Mean 6.50 6.56 0.05
Leukocytes (x103 062 01 0.05
pL) 6
day 1 11.21 11.16 0.47
day 14 10.80 10.17 0.47
day 28 10.51Y 11.77% 0.47
Mean 10.84 11.04 0.33
Neutrophils (/uL) 0.70 0.3 0.07
1
day 1 6960.30 6852.00 375.76
day 14 6965.70 6461.30 375.76
day 28 6756.10 7729.20* 375.76
y
Mean 6894.03 7014.17 248.81
Lymphocytes 093 0.0 0.81
(/uL) 2
day 1 2866.39 2960.71° 154.21
day 14 2596.89 2507.01B 154.21
day 28 2507.29 2540.71B 154.21
Mean 2656.86 2669.48 94.36
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Monocytes (/uL)

day 1 936.774

day 14 784.378

day 28 809.974
B

Mean 843.70

Eosinophils (/uL)

day 1 402.51
day 14 409.01
day 28 393.61
Mean 401.71

875.83AB
785.038
922.53A

861.13

382.86
539.66
493.76
472.09

60.75
60.75
60.75

39.60

131.53
131.53
131.53
103.84

47

0.76 0.0 0.34

042 0.7 0.73

A€ Within a treatment, underwriting differs (P < 0.05) or tends to differ (P < 0.10).
*¥ In a line, without the common subscript, it differs (P < 0.05) or tends to differ (P < 0.10).
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Table 5. Antioxidant/oxidant responses of beagle dogs receiving experimental diets

Treatments P-value
Variable! Control anTS)t;;z:n ; DP Trex
(TCON) Trt  Day day
(TNAT)
GST (umol <001 <001 023
day 1 1.888 1.99¢ 0.19
day 14 6.86° 7.128 0.19
day 28 7.264 7.924 0.19
Mean 5.33 5.68% 0.12
GPx (pmol NADPH 0.09 009 <0.01
oxidate/min/mL)
day 1 3.708 3.77°A 0.13
day 14 3.4778 3.67A 0.13
day 28 3.84% 3.07%Y 0.13
Mean 3.67% 3.50Y 0.08
NPSH (mMol <0.01 <0.01 0.60
NPSH/mL)
day 1 0.21A 0.247 0.02
day 14 0.108 0.158 0.02
day 28 0.078 0.158 0.02
Mean 0.12Y 0.18* 0.01
ROS (U DCFA/uL) 0.02 <001 021
day 1 305.338 481.638 907.26
day 14 3212.45%  1513.33/8 907.26
day 28 2880.52"  3024.30" 907.26
Mean 2132.77% 1673.09Y 740.47

1 GST (glutathione S-transferase activity); GPx (glutathione peroxidase activity); non-protein thiols
(NPSH); reactive oxygen species (ROS).

A€ Within a treatment, underwriting differs (P < 0.05) or tends to differ (P <0.10).

*¥ In a line, without the common subscript, it differs (P < 0.05) or tends to differ (P <0.10).
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TBC feces/treatments

290 | X
P>0.05 P<0,01
i | P<0,01

x10° CFU/g

DAY 28

DAY 1 DAY 14

ETCON mTNAT

Fig. 1: Graph of the total bacterial count (TBC) in the dog's feces between treatments (TNAT
and TCON) different letters in the same period when P < 0.05.
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3. CONSIDERACOES FINAIS

O experimento conduzido nessa dissertacdo nos permitiu concluir que a substituicdo de
antioxidantes sintéticos por antioxidantes em forma de blend advindo de fontes naturais
proporciona a manutengdo da qualidade do alimento e resultados positivos em marcadores
metabdlicos importantes nos cées.

A inclusdo do blend de 6leos essenciais composto por alecrim, cravo, orégano e vitamina
E mostrou efeitos no estimulo dos niveis de antioxidantes sistémicos dos beagles, o0 que esta
associado a diminuicdo de condicdes de estresse oxidativo, reduzindo o nimero de radicais
livres no sangue dos cdes, além de demonstrar propriedades antibactericidas e modulador
imunologico.
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