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RESUMO
Dissertacéo de Mestrado
Programa de Pos-Graduagdo em Zootecnia
Universidade do Estado de Santa Catarina

DESEMPENHO, QUALIDADE DE OVOS E SAUDE DE POEDEIRAS COMERCIAIS
ALIMENTADAS COM DIETA SUPLEMENTADA COM OLEO ESSENCI AL DE
OREGANO (Origanum vulgare)

AUTOR: Marcos José Migliorini
ORIENTADOR: Marcel Manente Boiago
Chapeco, 13 de Fevereiro de 2017

Esse estudo teve por objetivo avaliar os efeitoadiigho do 6leo essencial de orégano (OEO) na
alimentacdo de galinhas poedeiras comerciais spldesempenho, qualidade de ovos frescos e
armazenados em temperatura ambiente e salde das Fwam utilizadas 240 poedeiras,
distribuidas em um delineamento inteiramente ceasdd com seis tratamentos e cinco
repeticdes de oito aves cada. Os tratamentos toasisle um tratamento controle com inclusédo
de bacitracina de zinco e cinco tratamentos sersoodo antibiotico com niveis de inclusdo de
OEO de 0, 50, 100, 150 e 200mg/kg de racao, raspewnte. O experimento teve duracdo de
84 dias subdivididos em trés ciclos de 28 dias. fdesaltados de desempenho o maior consumo
de racao foi de aves dos tratamentos controle e 266mg de OEO, sem diferencas
significativas na porcentagem de postura entreatanhentos. Nas analises de qualidade da casca
dos ovos, a contagem de aerdbios mesofilos aosagOagresentou aumento de UFC/ovo no
tratamento com 200mg de OEO. As andlises de qaalidas ovos armazenados apresentaram
diferencas significativas (p<0,05) no tratamentm&mg de OEO, com menor porcentagem de
casca e maior pH e maior intensidade de amaretboquoracdo da gema no tratamento controle
e com 200mg de OEO de ovos armazenados por 21Ad@eroxidacao lipidica mensurada pelo
nivel de TBARS foi reduzida na gema de ovos fresmaves do tratamento com 200mg de
OEO e de ovos armazenados no tratamento com 156mME®. Os resultados dos parametros
bioquimicos mostraram aumento significativo (p<Qj@&s niveis de proteinas totais e globulinas
em aves do tratamento com 150mg e 200mg de OEQ&akas e de albumina de aves do
tratamento controle. Aos 56 dias s6 houve diferesgaificativa (p<0,05) para proteinas totais
em aves do tratamento com 50mg de OEO. Aos 84 abasreu reducdo significativa de
proteinas totais e albumina no tratamento com 208emM@EO, com aumento nos niveis de
triglicerideos. O OEO manteve o desempenho proolaas aves, reduziu a peroxidacao lipidica
na gema de ovos frescos e armazenados e ocasioment® nos niveis séricos de globulina nas
aves, o que reflete em possivel aumento de medisddtamatoérios e imunoglobulinas.

Palavras-Chave: acido tiobarbitdrico, extrato herbal, peroxidaggudica, proteinas totais,
TBARS, triglicerideos.



ABSTRACT
Master's Dissertation
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PERFORMANCE, QUALITY OF EGGS AND HEALTH OF COMMERCI AL LAYING
HENS FEEDING WITH DIET SUPPLEMENTED WITH ESSENTIAL OIL OF
OREGANO (Origanum vulgare)

AUTHOR: Marcos José Migliorini
ADVISER: Marcel Manente Boiago
Chapeco, February 13, 2017

The objective of this study was to evaluate theat# of the addition of oregano essential oll
(OEO) on feeding commercial hens on performancalitywf fresh eggs and stored at ambience
temperature and bird health. A total of 240 laylrens were used, distributed in a completely
randomized design with six treatments and fiveicepgs of eight birds each. The treatments
consisted of a control treatment with inclusiorewfc bacitracin and five treatments without the
use of antibiotics with OEO inclusion levels of 80, 100, 150 and 200mg / kg of feed,
respectively. The experiment lasted 84 days sutbedsiinto three cycles of 28 days. In the
performance results, the highest feed intake wdsirdé of the control treatments and with 200
mg OEO, without significant differences in the pertage of posture between the treatments. In
the egg shell quality analyzes, the counts of mieiiomerobes at 70 days presented an increase
of CFU/egg in the treatment with 200mg of OEO. Tqwlity of the stored eggs presented
significant differences (p <0.05) in the treatmetth 50 mg of OEO, with a lower percentage of
sheel and higher pH and a higher intensity of yelfor the color of the yolk in the control
treatment, and with 200 mg OEO of eggs stored fod&ys. The lipid peroxidation measured by
the TBARS level was reduced in fresh egg yolk friha treatment with 200 mg of OEO and
eggs stored in the treatment with 150 mg of OEQCe Wésults of the biochemical parameters
showed a significant increase (p <0.05) in totattgin and globulin levels in birds treated with
150mg and 200mg of OEO at 28 days and of conttmlrain. At 56 days there was only a
significant difference (p <0.05) for total proteimsbirds treated with 50mg of OEO. At 84 days,
there was a significant reduction of total proteansl albumin in the treatment with 200 mg OEO,
with an increase in triglyceride levels. OEO mamed the productive performance of the birds,
reduced the lipid peroxidation in fresh and stoegg yolk and caused an increase in serum
globulin levels in birds, which reflects a possibierease of inflammatory mediators and
immunoglobulins.

Key-words: Thiobarbituric acid, herbal extract, lipid perdation, total proteins, TBARS,
triglycerides.
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1 CAPITULOI
REVISAO DE LITERATURA
1.1 Introducgao

A avicultura de postura apresenta amplo poteretaindmico, onde a producdo e o
consumo de ovos no Brasil aumentam anualmentepdegiados do relatério anual da ABPA
(Associacdo Brasileira de Proteina animal, 201@&sdd contexto, a avicultura de postura se
destaca como atividade com ampla possibilidadetenp@l de crescimento entre os maiores
produtores mundiais de ovos (ALBINO et al., 2089ndo assim, um dos principais desafios da
Zootecnia na atualidade € a producéo de ovos caidgde e que atendam as exigéncias dos
consumidores. A obtencdo de alguns destes ressltpdudutivos foram possiveis devidos
avancos em melhoramento genético, nutricdo e madegtacando a alimentagdo das aves com
fundamental importancia nos custos e no desempenhoto a parametros de consumo de racao,
conversao alimentar, viabilidade do lote, porcestagle postura e principalmente producéo e
qgualidade dos ovos (ALBINO et al., 2014).

A utilizacdo de antibidticos promotores de creseito na alimentagdo por muito tempo
permitiu melhores resultados em desempenho e redugamortalidade causada por agentes
patogénicos (BRENES & ROURA, 2010). Porém, a peslséconsumidor a possivel resisténcia
bacteriana resultou na proibicdo pela Unido Eueopibisde 2006, e desde aquele momento
esperava-se que outros paises tivessem essaivai¢@OLTAN et al., 2008). Devido a isso, as
pesquisa com aditivos naturais de plantas tem dema@o potencial para substituir os
antibioticos melhoradores de desempenho (BRENES@JRA, 2010). Os antibidticos sao
adicionados as racdes em pequenas quantidades doralidade de proporcionar melhores
resultados no desempenho produtivo de aves (BELLRVEDO5). Oriundos da producédo de
bactérias, fungos e leveduras, atuam na inibicaorekcimento de microorganismos patogénicos
no tratamento ou prevencao de doencas (terap@&upoafilatico) (FREITAS et al., 2001).

Oleos essenciais derivados de diferentes plarfias censiderados como possiveis
substitutos de antibidticos, tendo em vista quplastas produzem metabdlitos secundéarios que
exibem propriedades bactericidas (WALLACE, 200430 Sompostos complexos naturais e
volateis, os quais sdo caracterizados por um tate e formados por plantas arométicas como

metabolitos secundéarios (BAKKALI et al., 2008). ®&#ntes estudos demonstraram que



substancias componentes de 6leos essenciais exdieidade biologica contra micro-
organismos patogénicos, além de apresentaremadvigntioxidante (JANG et al., 2007).

O ovo apresenta alto potencial nutritivo e presieaconservado durante o periodo de
comercializagdo, uma vez que podem transcorrerrsgsrentre o momento da postura, aquisi¢éo
e consumo. A comercializagcdo nos mercados ocome redrigeracdo, onde compromete a
conservacao da qualidade interna dos ovos (PASC&AL 2008).

Portanto, a pesquisa teve como objetivo avaliafi@acia da utilizacdo de diferentes
concentracdes de Oleo essencial de orégano nantdicd® de galinhas poedeiras semipesadas

sobre o desempenho, qualidade dos ovos (fisicarelinlogica) e salude das aves.

1.2 Qualidade de ovos

Na avaliacdo de qualidade de ovos a gravidadeciispeconforme metodologia de
Freitas et al. (2004) é uma medida para avaliaradidpde da casca do ovo. A avaliagdo interna
consiste de medidas como unidade Haugh, valor diédgde de albiumen em relagdo ao peso do
0VO e peso de casca, albumen e gema para calcplorcentagem (FREITAS et al., 2013), ainda
podem ser considerados os valores de pH da gefhéreem e coloracdo da gema.

A peroxidacédo lipidica que ocorre no ovo prinaipahte no armazenamento pode ser
avaliada através da determinacdo de substanciéisaseao acido tiobarbitirico (TBARS)
(FREITAS et al., 2013). O malonaldeido é o prodetsultado da peroxidacao lipidica de acidos
graxos que reage com o acido tiobarbitirico quagiecido e a intensidade de peroxidacdo €
medida através de leitura em espectrofotometronfB3ZLUNA et al., 2010). Esses parametros
sao utilizados para avaliar a qualidade de ovas, guxilia na avaliagdo do tempo de prateleira
do produto. Considerando isto a qualidade intermalep piorar devido ao tempo de
armazenamento, ja que, apos a postura, o ovo tepeeder a qualidade de maneira continua.
Isso ocorre devido a casca possuir poros que flidssib dentre diversos fatores, que
temperatura elevada aliada a baixa umidade promavaior acao da enzima anidrase carbonica,
gue acelera a dissociacdo do acido carbdnico em @gyas carbonico (G que resulta em
perda de qualidade constante (ALBINO et al.,, 20Myecomendacdo mais adequada de se
conservar 0 ovo é sob refrigeracdo, entretanto rasiBos ovos sdo comercializados em

temperatura ambiente, o que compromete a conser{Be&SCOAL et al., 2008).



Durante o armazenamento e processamento a pegamidipidica que ocorre €
responsavel pelo sabor e odor desagradaveis, neltuni potencial nutricional dos alimentos,
resultando na producdo de compostos toxicos, poadendvocar sérios danos a saude dos
consumidores (KARBISKA et al., 2001). A manutencdo da qualidade irtelepende das
condicdes de temperatura de armazenamento e umididiva, estes fatores tém um efeito
direto sobre a composi¢cao quimica, bioquimica,siedide deterioracdo microbioldgica e de
durabilidade de ovos (ARPASOVA et al., 2013). Ddstana, a inclusao dos antioxidantes, que
sao substancias que visam evitar a oxidacao ohertios, atuando na conservacao, retardando a
deterioracao, rancificacdo e perda de coloracademporeduzir esta acdo (BELLAVER, 2005).

A utilizacdo de antioxidantes sintéticos, butilaiehidroxianisol (BHA) e o butilato de
hidroxitolueno (BHT) parecem ser eficientes na eovecdo de alimentos, contudo apresentam
rejeicdo pelo consumidor devido ao potencial cag@mico (FREITAS et al., 2013). Isto aliado a
preocupacdo com a possivel resisténcia bacterianansferéncia de genes de resisténcia de
antibioticos animais para o0s seres humanos, coefojin mencionado anteriormente
(CASTANON, 2007), motivaram a busca de possivestutos aos antioxidantes sintéticos e
antibioticos. A exigéncia dos consumidores por afitos livres de produtos quimicos e
artificiais, incluindo conservantes em alimentossgmertou maior interesse de fazer uso de
produtos naturais como alternativas para aumentada de prateleira dos alimentos, como
plantas aromaticas e seus componentes inibidoresedoimento bacteriano tém sido estudados,
onde autores destacam o0s 0leos essenciais e métabolitos de plantas secundarias (CALO et
al., 2015).

1.3 Oleos essenciais

Todas as plantas produzem compostos quimicos cggalgomo atividade metabdlica
normal, estes sdo divididos em compostos primadosio acucares e gorduras, e metabdlitos
secundarios ou fitoquimicos, ndo essenciais asd@measicas da planta, podendo atuar na
protecdo contra a radiacdo e atracdo de poloniegad(RANKIC et al., 2009). Os Oleos
essenciais consistem em terpenos classificados redutps quimicos, como alcodis, acidos,
esteroides, taninos, aldeidos, cetonas, saponimees @itros, obtidos por processos de extracao
especificos (HASHEMI & DAVOODI, 2011; CALO et aRP15).
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A utilizacdo de suplementos aditivos de ervasxitams na alimentacdo animal depende
de muitos fatores como espécie, idade e finaliddEl@roducdo, pois a composicdo pode ter
efeito e mecanismo de acao diferente (HASHEMI & BBQODI, 2011). O potencial dos aditivos
alimentares fitogénicos pode afetar a microflorgedgtinal através do controle de patdgenos,
melhorando a capacidade de absorcéo e digestadreentes do intestino delgado, assim como a
resposta imune e a eubiose, interacdo entre mganmmos, promovendo melhor desempenho
aos animais (HASHEMI & DAVOODI, 2011).

Os 0leos essenciais sdo liquidos oleosos aroreatiotateis, obtidos de material vegetal
(flores, sementes, folhas, galhos, cascas, ervasleim, frutos e raizes), por processo de
fermentacdo ou extracdo, mas o método de destildcdomais utilizado (BURT, 2004). A
extracdo da mesma parte da planta influencia n@@w@osicdo, assim como caracteristicas de
variedade, crescimento e periodo de colheita (FRIEN# al., 2009).

Durante a destilacdo, a fragrancia de plantasstap@ agua fervente, libera seus oOleos
essenciais por evaporagdo. A quantidade de olem@atproduzido depende de quatro critérios
principais, duracdo do tempo de destilacdo, a temtyr@a (200 a 300°C), a pressdo de
funcionamento e o mais importante, o tipo e a dadk do material vegetal. O rendimento de
Oleos essenciais das plantas esta entre 0,005 geB3%0 metodologia € descrita em detalhes por
Chemat & Boutekedjiret, (2015).

Os 0leos sdo compostos complexos naturais de cpdpoguimica variavel, constituido
principalmente de duas classes de compostos, tepen terpendides que compdem o0s
metabdlitos secundarios de plantas e fenilpropa&soigue dependem do numero de carbonos e
variam conforme a composicdo em blocos de cincbocas (AL-KASSIE, 2009). Esses
compostos organicos fornecem protecdo as plargasst@ncia a pragas e sao indicadores de
respostas para estimulos (VOGT, 2010). Podem coargera de 20-60 componentes em
concentracdes bastante diferentes, caracterizanloslqis ou trés em maiores concentragoes,
como os compostos fenolicos carvacrol (30%) e tifg®%) (BAKKALI et al., 2008).

Comparados aos antibiéticos os 6leos essenciaipre@lutos naturais, menos téxicos,
livres de residuos, seguros devido ao uso em dosiess e sao possiveis substitutos aos
promotores de desempenho (HASHEMI & DAVOODI, 201Qpntudo no que concerne a acao
de Oleos essenciais sobre aves de postura, nésuitados conclusivos a respeito do efeito sobre

a fisiologia das aves, desempenho e qualidade @k ov
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Entre as alternativas se destaca o oréeg@riggnum vulgarg membro da familia
Lamiaceae uma planta medicinal e aromatica, da qual se modeir o 6leo essencial por
processo de destilacdo a vapor. Tem sido estudaddadprincipalmente a sua composicao com
boa atividade antimicrobiana e antioxidante, comefieios principalmente na reducdo de
reacbes oxidativas (ARPASOVA et al., 2014). Essasadateristicas da composicdo s&o
consideradas importantes principalmente para indld# alimentos para promover a seguranca e

estabilidade lipidica de alimentos.

1.4 Atividade antimicrobiana

A atividade do orégano é atribuida principalmertes principais componentes
secundarios carvacrol e timol, essas substanciasficamn a permeabilidade das membranas e
reagem com radicais livres tornando-os estaveisN@ @t al., 2010). Com cerca de 78-82% da
composicao total do OEO, o carvacrol e timol sagooscipais responsaveis por atividades
biol6gicas benéficas. Composicdes idénticas podamdraidas nas mesmas condicdes, a partir
da mesma parte da planta, cultivada em mesmodwi@ e época de colheita (BAKKALI et al.,
2008; YESILBAG et al., 2013). A essa composicao afidbuidas as principais atuacoes dos
componentes dos 6leos com acdo antimicrobianaiexat@nte, com potencial conservante de
alimentos para evitar a deterioragio e aumentataade prateleira (SOLORZANO-SANTOS &
MIRANDA-NOVALES, 2012).

Esses compostos fendlicos carvacrol e timol pteseno OEO, assim como outras
espécies déamiaceaeapresentam consideravel atividade microbiana gidida, podendo ser
fornecidos de forma mais concentrada do que eramwdgrem sua fonte natural e em niveis
maiores que antibidticos promotores de crescim@deRNANDEZ et al., 2004). Atuam na
membrana celular das bactérias inibindo sua divisédtica, provocando desidratacao celular e
impedindo a sobrevivéncia de bactérias patogéiiitdEAYAMA et al., 2005).

Atividade antibacteriana dos Oleos esséncias se @@ssa capacidade dos terpendides e
fenilpropandides, penetrarem na membrana das Eceratingir a parte interna da célula por
causa de sua lipofilicidade, capacidade de se ldess(AL-KASSIE, 2009). A caracteristica de
hidrofobicidade, ou seja, capacidade de repelir @ess essenciais promove a separacdo dos
lipidios da membrana celular bacteriana e mitodé@ediornando a membrana permeavel. Essa

acao exibe atividade inibitéria das propriedadexifinais da célula, causando vazamento do
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conteudo interno da célula, interferindo na gerat@@nergia (ATP) e como resultado a morte
celular (CALO et al., 2015).

De acordo com a literatura, 0 componente com nwtigidade antimicrobiana do 6leo
essencial de orégano foi o carvacrol, com maieidaile contra bactérias Gram-positivas do que
Gram-negativas (CALO et al., 2015). A atividaderardrobiana foi verificada por Santurio et al.
(2007) e Bona et al. (2012), com capacidade deaalte permeabilidade da membrana celular
microbiana (VIUDA-MARTOS et al., 2006), no contrale patégenos e melhora na digestédo e
absorcdo devido a estimulo da atividade enzimaticque pode apresentar efeitos positivos
guando utilizado em aves de postura semi-pesada&ETIBIG et al., 2006).

Diferentes estudos demonstraram que substanciegporentes de Oleos essenciais
exibem atividade biolégica contra microorganismatogénicos, além de apresentarem atividade
antioxidante (JANG et al.,, 2007). Neste contextwarm observados efeitos positivos sobre a
inibicdo de Escherichia colie Staphylococcus aureus diferentes sorotipos d®almonella
(OUSSALAH et al.,, 2006), populacbes microbianasurgths ao longo do tempo de
armazenamento (OLIVEIRA et al., 2013).

A caracteristica que mais influencia a acdo antwbiana dos extratos naturais é a sua
elevada hidrofobicidade, habilidade de atravessanembranas bacterianas e agir diretamente
causando perda de ions e reducdo do potencial oiéonzaea (PESAVENTO et al., 2015), danos
a proteinas, lipideos e organelas presentes nda céacteriana (BAKKALI et al., 2008),
causando assim a morte celular. Segundo Elgayyal. ¢2001), o 6leo de orégano contendo
principalmente timol e carvacrol inibiu completareero crescimento de patégenos Gram-
negativas testadas, enquanto Aligiannis et al.XpQgilizaram duas espécies de OEO uma delas
com composicao de carvacrol (74,86%) o qual exibaior atividade contra microorganismos
testados.

O ovo é considerado um dos alimentos mais congpletn niveis nutritivos para o
consumo humano (REGO et al., 2012), e portantoiders&io excelente fonte de acidos graxos,
carboidratos, minerais, vitaminas e principalmeateinas (GIAMPIETRO et al., 2008). No
entanto, precisa ser conservado durante o periedooohercializacdo para que a qualidade e
composi¢cdo nutricional sejam mantidas, uma vez pod@em transcorrer semanas entre o

momento da postura, aquisicdo e consumo (LOPES, €042). A possivel contaminacdo da
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casca pode comprometer a seguranca e qualidadesade abmazenados e estdo sujeitos a

oxidacéo lipidica, principalmente durante o armareento (HAYAT et al., 2010).

1.5 Atividade antioxidante

A peroxidacao lipidica € uma reacdo caracterizaela formacdo de radicais livres,
moléculas instaveis e que apresentam um elétrortequi® a se associar de maneira rapida a
outras moléculas de carga positiva com as quaise peajir ou oxidar, os quais sao produzidos
durante o metabolismo normal e podem induzir damotecido em que estiverem presentes em
niveis elevados, podendo ser eliminados pelosadéintes como enzimas ou componentes nao
enzimaticos antioxidantes (ZHAO et al., 2011). Coosofendis e polifendis sdo um grupo de
antioxidantes naturais encontrados nas plantas, petencial contra danos oxidativos
(KARPINSKA, et al., 2001).Antioxidantes sdo compostos que podem retardarnioir ia
peroxidacdo de lipidios ou outras moléculas, editan inicio ou propagacdo das reacfes em
cadeia de oxidacdo. A atividade antioxidante depastos fendlicos € principalmente devida as
suas propriedades de o6xido-reducdo, as quais pasempenhar um importante papel na
absorcdo e neutralizacdo de radicais livres (DEGYWBP& WASZCZYNSKYJ, 2004) e a
presenca de grupos hidroxila (POLAT et al., 20fjlilg podem doar elétrons para neutralizagéo
ou sequestro de radicais livres e quelacéo (tramsigio) de metais de transicédo, agindo tanto na
etapa de iniciagdo como na propagacao do procesg$ativo.

E extremamente importante notar que existe umeelegéio positiva entre a atividade
antioxidante contetdo de fendlicos total das pkntAs plantas pertencentes a familia
Lamiaceaedentre essas 0 orégano sdo muito ricas em coosposiifendlicos. As diferencas na
composicao do Oleo volatil e no teor de fenol tokalalecrim podem ser atribuido aos efeitos
climéticos sobre as plantas que estao crescendliferantes habitats (POLAT et a., 2011).

Atividade antioxidante foi avaliada com uma miatale 6leos essenciais de orégano,
alecrim, salvia e pimenta em niveis de 50, 100,ndikg em frangos de corte e verificaram
efeito antioxidante na carne (TRAESEL et al., 20Hm acordo com Young et al. (2003) e
Florou-Paneri (2006) que utilizaram orégano e igaidm melhores resultados em desempenho e
estabilidade oxidativa da carne do peito e cox@ateyos de corte.

A atividade antioxidante do OEO poderia atuar naliJade e controle da estabilidade

lipidica em ovos armazenados. Essa atividade d@agho do OEO na qualidade de ovos
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proporcionou efeito antioxidante em ovos devidoedugdo de malonaldeido e aumento da
estabilidade lipidica de ovos armazenados (YESILB&tGal., 2013), efeito da presenca de
grupos hidroxila em compostos fendlicos que atuameducédo da peroxidacgao lipidica (POLAT
etal., 2011).

Os menores valores de malonaldeido encontradoesna gle ovos frescos de galinhas
alimentadas com dieta com tomilho se devem a pelssfansferéncia dos constituintes
antioxidantes do tomilho para ave através da alagéio, 0 que pode assim inibir a reacdo em
cadeia envolvida na oxidacao de lipidios consumideduzindo assim a oxidacdo de produtos
transferidos para a gema (BOTSOGLOU et al., 1997).

Estudos de Lee et al. (2004a, 2004b) tém demalwstg@e a utilizacdo do OEO na
alimentacéo de aves proporcionou melhoria no desehtgpe também sobre a qualidade de ovos,
resultados atribuidos pelos autores as propriedattenicrobiana e antioxidante do orégano. Em
acordo, Yesilbag et al. (2013) utilizaram Oleo deciam e orégano e observaram melhor
producéo e a conservacao de caracteristicas ddapminterna de ovos.

Ha uma escassez de resultados sobre a saluded#rassubmetidas a dietas com oOleos
essenciais. Parametros bioquimicos do sangue poefégtir as condicbes do organismo e as
mudancas que ocorrem devido a fatores externos KIYZ@®II et al., 2010). Esses indices
refletem a salde das aves como indicadores dooestgdcional das aves (EL-LATIF et al.,
2013), assim como pode mostrar se o tratamentoose dsada € prejudicial (tbxica) as aves.
Muitas vezes uma dieta pode ser boa para produt@®fer efeito negativo para aves, afetando
sua qualidade de vida, principalmente quando m@acio a funcdo hepatica, metabolismo

protéico e lipidico.
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2 CAPITULO I
MANUSCRITOS

Os resultados desta dissertacdo sdo apresentaflmsnaade dois manuscritos, com suas

tormatacdes de acordo com as orientacdes dasageigs quais serdo submetidos:
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2.1 MANUSCRITO |

DESEMPENHO E QUALIDADE DE OVOS DE GALINHAS POEDEIRA S
SUPLEMENTADAS COM DIFERENTES NIVEIS DE OLEO ESSENCI AL DE
OREGANO (Origanum vulgare)

Autores: Marcos J. Migliorini, Marcel M. Boiago, @&dsandro S. Da Silva, Lenita C. M. Stefani,
Aline Zampar, Lenilson F. Roza, Mauricio Barretdegsandra Arno, Weber Robazza, Jessica
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ABSTRACT

The main objective of this study was to evaluateitifluence of supplementation of the
dietary of commercial semi-heavy laying hens wittegano essential oil (OEO) on the
performance and physical, chemical and microbi@ilgguality of fresh eggs and eggs stored for
21 days. The 240 laying hens (59 weeks’' age) wes&iltlited according to a complete
randomized block design consisting on six treatsiéeight hens in each group) and five trials.
The dietary of each group was constituted by th@rob (without OEO supplemented with zinc
bacitracin) and the basal ration supplemented thighaddition of 0, 50, 100, 150 and 200 mg/kg
of OEO without zinc bacitracin. In addition, a sdenpf 4 eggs from each group was randomly
collected to determine the egg quality immediaf@lyggs) and after 21 days of storage (2 eggs)
at room temperatur@5+2°C). Results showed that the feed consumptioreased (p<0.05) during
the treatment with zinc bacitracin and the suppleateon with 200 mg/kg of OEO, but there was not
observed significant difference in the posture eetage for all the treatments. Quality analyses of
the stored eggs showed significant difference @s0resulting in a lower eggshell percentage and a
higher yolk pH for the treatment with the additioh50 mg/kg of OEO. It was also obtained a higher
yellow intensity in the egg yolk for the controbéitment and the supplementation with 200 mg/kg of
OEO. The total mesophilic count per egg was higtiar 70 days of treatment with the addition of
200 mg/kg of OEO. Regarding the thiobarbituric agdctive substances (TBARS) in the egg yolks,
they were lower (p<0.05) for the fresh eggs witkliadn of 200 mg/kg of OEO and for the stored
eggs supplemented with 150 mg/kg of OEO. It wasipts to conclude that the supplementation of
the ration of the hens with 150 mg/kg of OEO carubeful to the maintenance of the quality and to

extend the shelf life of eggs.

Key-words: herbal extract, lipid peroxidatio@riganum vulgare
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INTRODUCTION

Eggs are rich in fatty acids and proteins. Gengrall Brazil, eggs are stored outside the
refrigerator during the period of commercializatidinis practice affects the inner quality of eggs
due to the fact that the egg yolks are highly spisicke to lipid oxidation during storage (Hayat et
al., 2012). Oxidative stability of eggs is directblated to the composition of laying hens’ diet.
Dietary supplemented with antioxidants may be dulisdternative to improve egg oxidative
stability (Yesilbag et al., 2013). In this respebk use of natural products such as plant extracts
has been considered as valuable alternatives itu@id feed additives (Akyurek & Yel, 2011).

Essential oils are natural volatile compounds fxinby aromatic plants as secondary
metabolites (Bakkali et al., 2008). These compoyrrdside beneficial effects in food products
from animal origin due to the antioxidant potentiddich result from the hydroxyl groups of their
phenolic compounds (Yesilbag et al., 2013). Foraimse, different combinations of essential oils
of oregano, thyme, rosemary and curcuma longa haem applied on experimental diets of
laying hens. As a result, they improved the producperformance and had positive effects on
the oxidative stability of the eggs (Radwan et 2008). Among these compounds, the oregano
(Origanum vulgargis considered an important source of antimicriodna antioxidant molecules
(Arsapova et al., 2014). A major drawback reliestloa fact that there are not many available
studiesregarding the addition of pure oregano ¢s$esil (OEO) in the diets of laying hens.
Therefore, this study seeks to evaluate the effddlise addition of OEO in experimental diets of
laying hens on performance and physical, chemiedlnaicrobiological quality of fresh eggs and

eggs after 21 days of storage at room temperature.

MATERIAL AND METHODS
Hens and duration of the experiment

There were used 240 commercial semi-heavy laying (&9 weeks old). Theywere
allocated in an experimental shed type Califorr@quipped with galvanized wire cages. The
animals were fed (through feeders) and receive@mgaipple drinking) ad libitumduring all
experimental period. The experiment lasted for 8#sdwhich were subdivided into three periods
of 28 days.

Treatments
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The poultries were randomly distributed in a cortgdle randomized design with six
treatments (five repetitions with eight birds page), totalizing thirty installments. The basal
ration (Table 1) was formulated based on nutritiomalues and in accordance with the
requirements established by the Brazilian Poultrgg Rork Tables (Rostagno et al, 2011), with
the inclusion (2%) of commercial nucleus. The cantreatment (CT) consisted of the basal
ration with performance improver (30 mg of zinc ib@cin/kg of ration). Meanwhile, five
treatments (TO, T50, T100, T150 and T200) wereiedrout with poultries that received basal
ration free of performance improver supplementetth Wie addition of five levels of OEO (0, 50,
100, 150 and 200 mg/kg), respectively. The OEO dihged in soy oil and subsequently the
mixture was mixed with grounded corn in a vertigaker (500 kg). The animals were exposed

daily to 16 h oflight throughout the experiment.

OEO extraction and characterization

The oregano leaves were purchased from a wholesalged in Sdo Paulo, Brazil. The
OEO was extracted from dehydratéd vulgarethrough steam distillation methodology, as
described by Chemat and Boutekedjiret (2015). fhiagerial was placed in an extraction flask
and the distillation was kept for a period of 2 Ut was calculated an average yield of the
extraction of 0.8%. The OEO characterization wadopeed by using a gas chromatograph
Varian Star 3400CX (CA, EUA) equipped with a flaragization detection (GC-FID), as well as
the qualitative analyses of the compounds wereopedd by using a gas chromatograph
Shimadzu QP2010 Plus coupled with a mass specteon(@&C/MS, Shimadzu Corporation,
Kyoto, Japan). The analyses revealed the existehc85 compounds present in the OEO

although five of them represent the majority (549 @&s presented in Table 2.

Performance parameters of the hens

During each period of the experiment, the dailgrage consumption of feed by hen was
monitored (g/bird/day). The daily number of eggsswalso registered and the average
performance of the hens after each period was attn(%/day). Feed conversion was evaluated
as kg of feed per dozen eggs and kg of feed pef kggs. Eggs were weighted in the last three
days of each period and the average daily egg ptmthuwas estimated (g/bird/day). The number
of dead hens was used to evaluate the feasildiy (
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Quality parameters of the eggs

To evaluate the quality of the eggs, a sample czeg by four eggs of each group
studied was collected. Two of these eggs were usetbdiately after the collect (fresh eggs) and
two eggs were stored in a cellulose tray at roomperature (25£2°C) for a period of 21 days.
Specific gravity of the eggs was determined accgrdo Freitas et a{2004). Eggshell strength
(kgf) was measured with a texture analyzer (TA.XUsp Albumen height was measured with a
tripod Micrometer. The Haugh units (HU) were cadtall from albumen height and egg weight
according to the following equation (Haugh, 1934)J = 100 log (H + 7.57 1.7 W%, in
which H corresponds to the albumen height (mm)\ahstands for the egg weight (g).

The yolk index (YI) was estimated with a digitalqo@meter as the ratio between the
height (mm) and the diameter of the yolk (mm). Yotdor was determined with a colorimetric
array (DSM) and colorimeter(Minolta CR-400).Thereeres evaluated the parameters of
luminosity (L*), red intensity (a*) and yellow imsity (b*).Yolks were separated from albumen
and the eggshells were washed and dried at roorpet@ture for 48 hours. After drying, they
were weighted and yolk, albumen and eggshell p&iges were obtained. The yolk and albumen
pHs were measured with a digital pHmeter (Testg.205

Lipid peroxidation was determined according to rigetro et al. (2008) by measuring
thiobarbituric acid reactive substances (TBARS)E2 nm, formed during the decomposition of
lipid peroxides using a spectrophotometer. The aamgd 1,1,3,3 tetramethoxypropane (TMP)
was used as a TBARS standard. Results were exgrassag TMP/kg of yolk.

Eggs were randomly collected in the beginninghaf ¢xperiment (without storage), and
on days 35 and 70 to carry out the microbiologamralyses. Each sample was composed by a
group of four eggs per repetition. Eggs surfacesewseashed with peptone water according to a
methodology adapted from Gentry and Quarles (195figr the serial dilution of the samples, 1
ml of them was inoculated in Petrifilm plates (3id)evaluate the Mesophilic Aerobic Bacteria,
Escherichia coliand total coliforms following 3M’s guidelines. Ingation was performed at 37°
C for 48 hours and bacterial colonies were enuraedrafth a colony counter following Petrifilm

system (3M). Results were expressed as the detdgeithm of colony forming units by egg.

Statistical analysis
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Data were submitted to Analysis of Variance (ANOV&kd Tukey’s Test (p<0.05) with
the software SAS (Statistical Analysis System).

RESULTS
Productive performance

Hens in the control treatment (TC) with zinc batn and feed with 200 mg/kg of OEO
(T200) have consumed most of their daily ratiomelation to the treatments TO and T150 (Table
3). It was not observed significant difference lbm#w treatments for the other performance
parameters (conversion rate/dozen eggs, converaiefdaily ration consumed, percentage of

laying and weight of eggs).

Quality of eggs

The total coliforms count on the eggshells did stodw significant difference on days 0,
35 and 70 for all the treatments studied (Table E5cherichia colivas not found in any
treatment. The Mesophilic Aerobic Bacteria from gggls was higher after 70 days for the T200
treatment in relation to TC, TO and T50 treatmgims0.05). However, it was not observed
significant difference between T200, T100 and T(Edble 4).

There were not observed significant statisticdfedence (p>0.05) in the following
parameters for the fresh eggs after the experinspecific gravity, Haugh units, yolk index, yolk
pH, albumen pH, eggshell strength, yolk color (B* e b*) and yolk, eggshell and albumen
percentages (Table 5). However, for the sample®dtior 21 days, there occurred statistical
differences (p<0.05) in the yolk pHs for the T58atment in relation to the others (Table 6). In
addition, the treatments TO and T200, the egggieetientage resulted in higher values relative to
T50. Nevertheless, there were not statistical difiees between these two treatments and TC,
T100 and T50.In what concerns the yolk color, othlg yellow intensity (b*) differed for the
treatment T100 (p<0.05) which resulted in loweruesl compared to the other treatments (see
Table 6).

It was not obtained statistical difference betw&200, T50 and T150 for the TBARS of
the fresh eggs (p<0.05). However, the results nbthafter the treatments TC, TO and T100 were
statistically higher for these eggs. For the staggds, the T50 and T100 treatments furnished

higher results in relation to the others (Table 6).
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DISCUSSION

Eggs production was not affected by the diffete@atments. Actually, it was observed
that the addition of OEO in the hens’ diets did afféct the production in relation to the control
treatment (TC). The only treatment that resultedrinncrease of the ration consumption was the
T200, similarly in result obtained for quails (Ykesig et al., 2013). According to Kamel et al.
(2001), herbs and extract from different plantsehaypositive effect on the appetite and digestion
of the hens. In addition, they possess antimictgimaperties (Al-Kassie, 2009). Nevertheless,
the addition of leaves of oregano in the feed dfdys resulted in a lower feed intake (Bampidis
et al., 2005). A number of factors such as speaui¢ise animal, age and levels of OEO can affect
the feed intake. For instance, when 150 mg/kg veeided to the diet of broiler chickens, the
effect was positive. However, 300 mg/kg had a negaffect in the same study (Kirkpinar et al.,
2011). It was observed in a study involving a migtaomposed by 1.0 and 2.0 g/kg of volatile
oils supplemented to the basal diet of cockerelt there was an increase of the feed
consumption due to the odor and palatability (Teok al., 2010).

Regarding the other performance parameters, ith@asbtained statistical difference in
this study. Similar results were obtained for lgyivens with the addition of 5 g/kg of oregano for
56 days (Botsoglou et al., 2005). According to ¢hasthors, these effects can be ascribed to the
diet composition, the use of healthy hens, a ceaironment and a moderate density of hens. In
addition, variations in the effects of the supplatagon of OEO can be a result of differences in
the composition and of the concentration of comptmevith specific biological activity (Amad
etal., 2011).

To evaluate the microbiological quality of the seleglls, the higher results for the
Mesophilic Aerobic Count per egg was obtained fog 7200 treatment after 70 days. This
microbial load may be related to the temperatungirenment and contact of the eggs with faces
(Englmaierova et al., 2014). In other study thatleated the influence of OEO on the control of
bacteria, the positive effect was ascribed to tiesgnce of carvacrol, the main component in the
composition of the oil (Aligiannis et al., 2001)h& antibacterial compounds present in the oil act
on the cell membrane causing deleterious effectdercytoplasmic activity and preventing the
survival of pathogenic bacteria (Lambert et al.0P0 This effect was not observed in the

eggshells in the present study. This behavior sstggéhat further studies with OEO are
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necessary, since that there was not the presenge agliand the total coliforms count did not
diminish after the treatments.

Inner quality of fresh eggs did not change aftethe treatments. In what concerns the
stored eggs, it was observed an increase in thefghe yolk for the T50 treatment. This result
may be affected by the increase of the lipid pefatiton due to the storage (Botsoglou et al.,
1997). The alkaline ions from the albumen migrate are replaced by hydrogen ions in the yolk,
increasing the pH of the yolk and diminishing the @f the albumen (Shang et al., 2004). The
eggshell percentage was reduced for the T50 tredtriis may enable gaseous changes with
the environment with a higher loss of carbonic ¢@asthe environment during the storage
(Leandro et al., 2006). This result may be ascritzethe influence exerted by the OEO on the
metabolic activity of the beneficial bacteria iretimtestine. That influence affects the efficiency
of the absorption of Calcium (Ca) and Magnesium XNBozkurt et al., 2012a). Phenolic
compounds, such as carvacrol and thymol, exhittibacterial activity and thus, may affect both
beneficial and pathogenic bacteria (Fukayma eR@D5). In another study, it was observed an
increase of the weight, thickness and strengthhef éggshell due to a higher retention and
availability of nutrients in the hens’ intestinerohg the eggshell formation (Bozkurt et al.,
2012b). However, this behavior may be age deperatestuggested in the literature (Bozkurt et
al., 2016).

Some authors have related changes in the coloeggf yolks when the diet was
supplemented with rosemary, oregano and saffroay Tlave suggested that some compounds of
the herbs have migrated to the yolk (Botsogloulet2®05).The yellow color of the yolks is
related to the amount of xanthophyll in the dietl an the antioxidant activity of the pigments,
like carotene and xanthophyll that protect thedipfrom oxidation (An et al., 2010; Gul et al.,
2012).The increase in the feed consumption for efjged after the TC and T200 treatments
may be related to the values of the yellow intgngit the yolk as a result of the higher
availability of carotenes from the diet.

Lipid peroxidation is one of the main causes dilgge in food products (Olmedo et al.,
2014). In the current study, it was observed that Iperoxidation was reduced in the yolk of
fresh eggs for the T200 treatment and in the efjgs 21 day of storage for the T150 treatment.
This possible transfer of the antioxidants compsunidthe OEO to the yolk resulted in eggs with
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higher antioxidant properties involved in the regut of the amount of malondialdehyde
(Botsoglou et al., 2005).

The antioxidant effect has been ascribed to caovand thymol in other study involving
oregano and sage leaf oils due to the reductiahenconcentration of malondialdehyde in the
yolk of stored eggs (Bozkurt et al., 2012b). Acaogdto the literature, lipid peroxidation was
reduced in eggs stored under refrigeration temperst but the reduction was not affected by the
duration of the storage. This behavior suggestsrtmesfer of antioxidant compounds of OEO
through feeding (Florou-Paneri et al., 2005). Idiaidn, the concentration of malondialdehyde
was reduced in yolks of refrigerated eggs stored3fd days of hens fed with rosemary and
oregano (Yesilbag et al., 2013). The influence exkby the oils on the properties of the eggs
may be ascribed to the presence of phenolic congsotivat consist in a hydroxyl group acting as
hydrogen donators to the peroxide radicals. Thisomcretards the formation of hydrogen
peroxides (Farag et al., 1989).

In summary, from the results obtained in the preséudy, it can be concluded that the
OEO exerted an antioxidant effect that reducedipi peroxidation in both fresh eggs and eggs
stored for 21 days. It was not observed statistidédrence between the production performance
of the hens. However, for the T200 treatment, tlves an increase in the feed consumption of
the hens. A global analysis leaded to the conatuhiat the supplementation of the ration with
150 mg/kg of OEO may be a useful alternative tontesiance of the quality and to increase the

shelf life of the eggs.
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Table 1 Percentage and calculated composition of the exgertal rations used for the
treatments of laying hensadopted in the presedystu

Ingredients Composition (%)
Corn 63.34
Soybean meal 22.16
Soy oil 1.30
Calcic limestone 11.20
Vitamin and Mineral Core * 2.00
Total 100.00
Calculated composition

Crude protein (%) 15.00
Metabolic energy(kcal/kg) 2.85
Phosphorus available (%) 0.28
Calcium (%) 4.00
Digestible methionine + cysteine (%) 0.69
Digestible methionine (%) 0.35
Digestible lysine (%) 0.68

* Product composition (kg): folicacid 54,00 mg, atimicacid 1.000,00 mg, pantothenicacid 680,00 bigtin 2,70
mg, calcium 80,00/160,00 g, cobalt 27,0 mg, codp@00,00 mg, choline 10,00 g, iron 5.000,00 mg tass 20,00
ftu, fluorine 650,00 mg, phosphorus 42,00 g, iod#®00 mg, manganese 2.500,00 mg, mineral matt@00Qy,
methionine 38,00 g, selenium 10,00 mg, sodium 9§,0@umidity 120,00 g, vitamin A 374.000,00 Ul,artin B1
40,00 mg, vitamin B12 1.000,00 mcg, vitamin B2 200mg, vitamin B6 54,00 mg, vitamin D3 75.000,00 Ul
vitamin E 1.500,00 Ul, vitamin K 100,00 mg andzh600,00 mg.
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Table 2 Composition of the Oregano essential Giliganum vulgare)

Components Composition (%)
Sabinene 3.09
B-Myrcene 1.13
a-terpinene 4.99
p-Cymene 3.73
B-Phellandrene 1.11
y-Terpinene 9.41
trans-Sabinene Hydrate 2.97
Terpinolene 1.67
Linalool 1.32
cis-Sabinene Hydrate 12.38
cis menth-2-en-1-ol 1.40
4-Terpineol 14.05
a-Terpineol 3.31
Carvacrol methylether 1.54
Linalyl acetate 4.18
Thymol 9.54
Carvacrol 9.18
trans-Caryophyllene 3.22
Bicyclogermacrene 1.85
Others* 8.18

*Others: Percentage composition luzir tem 1% (5-d#8texalou,a-thujene,a-pinene,-pinene, cyclobutanoly-
phellandrene, limonenep-methyladamantanemethylamingd-ocymene, trans menth-2-en-1-ol, endo-borneol,
cispiperitolacetate, thymolmethylether, gamma-tezpe a-humulene, spathulenol, caryophyllene oxide).
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Table 3 Results obtained for feed consumption (FC, g/hey)/dfeed conversion (FCV,
kg/dozenand kg/kg) of produced eggs, posture peager(PP) and egg weight (EW, g/hen/day).

Treatments FC FCV (kg/dz) FCV (kg/kg) PP MO
TC 116.0a 1.60 2.03 87.46 57.15
T0 109.2b 1.64 2.08 80.71 53.04
T50 111.6ab 1.55 1.98 86.83 56.57
T100 111.0ab 1.58 1.99 84.80 55.88
T150 108.8b 1.61 2.02 81.04 53.70
T200 114.8a 1.66 2.07 83.77 55.71
p-value 0.0021* 0.7828 0.8301° 0.4946° 0.4270°

CV (%) 2.55 8.08 6.58 7.93 6.49

A B Different letters in the same column differ statially by Tukey Test (5%); Coefficient of Variatid€V). No
significant (ns); TC: control treatment with 30 mfyzinc bacitracin; TO: 0 mg/kg of OEO; T50: 50 kgof OEO,;

T100: 100 mg/kg of OEO; T150: 150 mg/kg of OEO; 02@00 mg/kg of OEO; OEO: Oregano essential ail;
*(p<0.05).
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Table 4 Results obtained for the total coliforms count ahé mesophilic aerobic count
(CFU/egq) in the eggshell of fresh eggs in daydS0and 70.

Total coliforms (CFU/egg) Mesophilic aerobic co@FU/egg)
Days Days

0 35 70 0 35 70
TC 0.3X10t 0.4X10t 0.1X10t 9.3X103 15.6X103 9.8X103
TO 0.4X10* 0.5X10* 0.2X10* 6.6X103 29.9X108 8.0X1.03
T50 0.4X10* 0.9X10t 0.2X10t 8.3X103 21.6X108 10.0%4
T100 0.3X10t 0.1X10t 0.3X10t 6.9X103 16.0X103 14 0%ab
T150 0.2X10* 0.3X10* 0.4X10* 8.1X103 31.7X108 1418%ab
T200 0.4X10? 0.7X10? 0.4X10? 10.7X103 25.7X103 X103
p-value 0.970%  0.5803° 0.4774° 0.3324° 0.4589° 0.0099*
CV (%) 115.68 101.62 106.90 32.99 59.25 37.25

A B Different letters in the same column differ statially by Tukey Test (5%); Coefficient ofVariati©V). Non
significant (NS); Colony forming unitiglCFU); TC: control treatment with 30 mg of zinc bacitracli®: 0 mg/kg of

OEO; T50: 50 mg/kg of OEO; T100: 100 mg/kg of OEXL50: 150 mg/kg of OEO; T200: 200 mg/kg of OEO;
OEO: Oregano essential oil; *(p<0.05).
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Table 5 Results obtained for the following analyses: spedfavity (SG), Haugh unity (HU),
yolk index (Y1), yolk pH (YpH), aloumen pH (ApH)ggshell strength (ES. kgf), yolk percentage
(YP), eggshell percentage (EP), albumen percer{tagg color array (CA), luminosity (L*), red
intensity (a*) and yellow intensity (b*) of freslygs.

Parameters TC T0 T50 T100 T150 T200 pvalue CV (%)
SG 1.091 1.093 1.090 1.089 1.091 1.090 0.3%47 0.22
HU 82.13 84.13 83.78 85.17 81.13 84.97 0.0941 2.93
Yl 0.469 0.476 0.497 0.480 0.471 0.473 0.7%83 20.04
YpH 6.03 6.05 6.08 6.02 6.06 6.11 0.3%59 0.67
ApH 8.51 8.48 8.56 8.50 8.51 8.57 0.9356 1.78
ES 4701 4956 4971 4940 5566 5183  0.1996 9.13
YP 26.35 26.31 27.19 26.48 26.67 26.61 0.5T18 2.87
EP 10.22 10.30 10.07 10.06 10.41 10.02 0.2958 3.02
AP 63.43 63.42 62.69 63.46 62.91 63.48 0.5718 1.37
CA 7.2 7.1 7.1 7.0 6.9 7.1 0.8594 5.71
L* 57.40 58.39 59.83 59.10 59.72 59.54 0.1%90 2.61
a* -1.50 -1.89 -2.31 -1.95 -1.89 -2.14  0.1646 23.96
b* 41.88 42.96 44.69 43.77 43.88 4291 0.2%28 4.18
TBA 2.29a 1.98ab 1.69bcd 1.75bc 1.25cd 1.18d 0.0010* .6215

Coefficient of variation (CV); Non significant (NS)C: control treatment with 30 mg of zinc bacitrgcr0: 0 mg/kg
of OEO; T50: 50 mg/kg of OEO; T100: 100 mg/kg of @ET150: 150 mg/kg of OEO; T200: 200 mg/kg of OEO;
OEO: Oregano essential oil; TBA: concentration elondialdehyde (mg TMP/kg yolk) of the yolks; *(p€6).
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Table 6 Results obtained for the following analyses: spedfavity (SG), Haugh unity (HU),
yolk index (Y1), yolk pH (YpH), aloumen pH (ApH)ggshell strength (ES. kgf), yolk percentage
(YP), eggshell percentage (EP), albumen percer{tagg color array (CA), luminosity (L*), red
intensity (a*) and yellow intensity (b*) in egg®std for 21 days at room temperature.

Parameters TC TO T50 T100 T150 T200 pvalue CV (%)
SG 1.047 1.047 1.021 1.038 1.046 1.055 0.07430.94
HU 23.26 34.08 46.94 28.45 26.17 36.53 0.050936.52
YI 0.399 0.354 0.35 0.33 0.338 0.346 0.5938 6.62
YpH 6.12b 6.23b 6.572 6.11b 6.19p  6.18b 0.0005*2.34
ApH 9.43 9.41 9.23 9.39 9.37 9.37 0.0805 0.37
ES 5115 5063 3499 4406 4519 4999 0.075719.68
YP 28.92 27.8 29.07 29.13 28.04  28.37 0.6760 5.54
EP 9.99ab  10.37a 9.13b 9.77ab  9.85ab 10.08®04* 5.33
AP 61.09 61.95 61.82 60.92 62.14 61.45 0.8080 2.65
CA 6.6 6.9 7.2 6.7 7.3 7.2 0.1785 7.22
L* 60.27 58.59 58.43 59.83 62.53 63.19 0.0729 4.81
a* -1.12 -0.48 -0.72 -0.86 -0.69 -0.6  0.7549 92.01
b* 57.09a 52.6lab 54.55ab 47.14b 5.47ab 56.83@203* 8.35
TBA 2.05ab 2.16a 2.132 1.89ab 1.51b 1.7700170* 15.57

& Ppifferent letters in the same column differ statimlly by Tukey Test (5%); Coefficient of variatid€V); Non
significant (NS). TC: control treatment with 30 rafjzinc bacitracin; TO: 0 mg/kg of OEO; T50: 50 tkgbf OEO;
T100: 100 mg/kg of OEQ; T150: 150 mg/kg of OEO; 02200 mg/kg of OEQO; OEO: Oregano essential 0ilATB
concentration of malondialdehyde (mg TMP/kg yolkjte yolks; *(p<0.05).
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ABSTRACT

This study evaluated the effect of oregano essleaili added to the feed of commercial
laying hens. Based on animal health, the reseaa facused on the analysis of changes in
biochemical parameters linked with hepatic functiand protein and lipid metabolism. There
were investigated 240 birds (59 weeks old) distadun a completely randomized design of six
treatments (five repetitions with eight birds). Tagperiments were constituted by a control
treatment (CT) with the inclusion of zinc bacitra@nd five treatments (TO, T50, T100, T150
and T200) with the inclusion of different concetibas of oregano essential oil (OEO: 0, 50,
100, 150, and 200 mg/kg), respectively. DuringeRkperiment, the seric levels of total proteins,
albumin, globulin, triglycerides, cholesterol, urézid, alanine aminotransferase (ALT) and
alkaline phosphatase were analyzed. After 28 dajseding, an increase on seric levels of total
proteins and globulins was observed on groups BH6I0T200, as well as an increase on albumin
levels on group TC. Afterward 84 days of feedingjgnificantly reduction on total proteins and
albumin was observed on group T200, as well anarease on seric triglycerides levels. The
addition of 200 mg/kg of oregano essential oil lo@ teed of commercial laying hens leads to an
increase of globulins concentration in 28 daysreétiment. The result may be considered an
effect on inflammatory response, which increases géric immunoglobulins and proteins of
acute phase.

Key words: albumin, cholesterol, globulin, total proteinsglycerides.
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INTRODUCTION

The search for new alternatives of food supplentemtan poultry production in order to
improve health, and quantitative and qualitativedpictivity is considered one of main priorities
of poultry industry (Gerzilowt al.,2015). During many years, the use of antibioticgm@swvth
promoters in poultry feeding allowed better resuiisperformance and mortality reduction
caused by pathogenic agents due to the inhibittamioroorganism growth (Yegani & Korver,
2010). However, the consumption of animal prodweith antibiotics residues, as well as the
indiscriminate use of antibiotics leads to the degwment of resistant microorganisms,
reinforcing the need of an alternative source ppsements (Windischkt al.,2008).

Essential oils are widely accepted by consumeestdits healthy promoting properties.
In the field of animal feeding, the natural extraoésents potent antimicrobial properties and acts
as a growth promoter to be added in poultry feedstt¢mipouret al., 2016). These additives
have demonstrated interesting results on bird ptalu and development (Brenes & Roura,
2010) acting directly on control and maintenancplofsiology and metabolic functions.

The antioxidant and bactericidal actions of essémiils contribute with animal healthy
development. These outstanding properties aredinkiéh the presence of active compounds in
their composition that inhibit the growth of someécraorganisms (Alipouret al., 2015). The
antimicrobial activity of oregano essential oil (OEis due to the action of phenolic compounds,
such as carvacrol and thymol (Fukayastaal., 2005). These antioxidant substances act on
bacterial cell membrane impeding the mitotic dmmsiand causing cell dehydration, therefore
preventing the survival of avian pathogenic baatei study conducted by Oettirgg al. (2006)
indicated that essential oil possesses antioxidadtantimicrobial activity, acting in the control
of pathogenic microorganisms.

Essential oils can act as stimulant agents ofrtlreune system against acute or chronic
inflammatory processes that can be characterizednbincrease on seric globulin levels (Rosa
Neto & Carvalho, 2009), which can express the n@taland nutritional animal status (Ztat
al., 2014). Moreover, essential oils may improve trgesdiion and the absorption of nutrients by
enzymatic stimulation and exert positive effectsemtused in laying hens. It is important to
emphasize that the response of essential oils@desuents added in the ration is dependent of
the level, the composition and the combinationsashpounds (Zhanet al.,2005). Based on the

assumption that the influence of essential oilsratabolism and health of laying hens remains



41

little studied, this study intended to evaluate tinge in the seric biochemical profile of

animals fed with ration supplemented with differeahcentrations of OEO.

MATERIAL AND METHODS
Animals and local of experiment

The procedure applied in this experimental researsed 240 commercial semi-heavy
laying hens (59 weeks old), that were allocatedaim experimental shed type Californian
equipped with galvanized wire cages. The animalevied (trough feeders) and received water
(nipple drinking) ad libitum during all experimental period, and were exposed@d of light

during the experiment.

Experimental design
The poultries were randomly distributed in a cortglle randomized design with six

treatments (five repetitions with eight birds), alating thirty installments. The basal ration
(Table 1) was formulated based on nutritional vel@ad in accordance with requirements
established by the Brazilian Poultry and Pork Tal§lostagno et al., 2011), with inclusion (2%)
of commercial nucleus. The control treatment (CEpnsisted in the basal ration with
performance improver (30 mg of zinc bacitracin/kgation). Meanwhile, five treatments (TO,
T50, T100, T150 and T200) with poultries that reedi basal ration free of performance
improver supplemented with the addition of fivedssof OEO (0, 50, 100, 150 e 200 mg/kg),
respectively. The OEO was diluted in soy oil anthsaguently the mixture was mixed with

ground corn in a vertical mixer.

OEO extraction and characterization

The OEO was extracted from dehydratedganun vulgarethrough steam distillation
methodology, descript in details in the literat¢@hemat & Boutekedjiret, 2015). The material
was placed in an extraction flask and the disidlatwas kept for a period of 2 hours. It was
calculated an average of the extraction yield 8£&.The OEO characterization was performed
using a gas chromatograph Varian Star 3400CX (G4AEequipped with a flame ionization
detection (GC-FID), as well as the qualitative gsas of compounds were performed using a gas
chromatograph Shimadzu QP2010 Plus coupled a mpestremeter (GC/MS, Shimadzu
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Corporation, Kyoto, Japan). The analyses revedledxistence of 35 compounds present in the

OEO although five of them represent the majori.§6%) as presented in Figure 1.

Sample collection

The experimental period lasted 84 days, and itaaded in three cycles of 28 days. At
the end of each cycle (days 28, 56 and 84) thedbkamples (approximately 2 mL) were
collected through the branchial vein of two poekriby repetition (totalizing 10 laying hens by
treatment), and the samples were allocated in tuw#sout anticoagulant. After, the blood
samples were centrifuged (3500 rpm during 10 nmirgrder to obtain serum, subsequently stored
at -20 °C until utilization.

Biochemical analyses

The seric levels of total proteins (g/dL), albunfgidL), glolubin (g/dL), triglycerides
(mg/dL), cholesterol (mg/dL), uric acid (mg/dL),aalne aminotransferase (ALT) (U/L) and
alkaline phosphatase (U/L) were evaluated in a seromated BioPlus (Bio-200) using
commercial kits. Globulins values were calculategdual on the total proteins levels subtracted

from albumin levels.

Statistical analyzes

At first, the experimental data were-firstiynalyzed descriptively, and it was calculated
the measure of central tendency (mean) and daperdisn (standard deviation). Moreover, all
variables were submitted to the Shapiro Wilk testerify if the data were normally distributed.
The data was log transformed to meet the assungpttbmormality before the application of
analyses of variance (ANOVA). The comparison of theans between groups in each day of
observation (days 28, 56 and 84) for all evalu@iedhemical variables, followed by Tukey post
hoc test (p<0.05) was carried out with the sta@tsoftware R, v.2.15.2. (R Development Core
Team, 2012).

RESULTS AND DISCUSSION
The results showed significant differences on |t@teins, albumin, globulin and

cholesterols levels for the treatments as presdntddbles 2 and 3), in which the total proteins
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levels showed a significant difference on 3 daysatiection. A significant increase (p=0.002) on

total protein levels was observed on groups T18DT#00 compared with other groups (Table 2)
on day 28, while on day 56 only the group T50 shibae increase on total proteins compared
with groups CT and TO. On day 84, the animals fignoup T100 showed an increase on seric
total protein levels, while the group T200 showeéduction in relation to CT group.

Regarding the seric albumin levels, the resultsthef treatments showed significant
differences on days 28 and 84. On day 28 (p=01b&),poultries of group CT showed higher
levels than those of the group T150, while the grd@ showed higher levels than group T100
(p=0.04).Regarding albumin levels (Table 2), theugr T200 showed an increase on globulin
concentrations compared with groups CT, TO and EsOwell as the groups T100 and 150
showed an increase compared with groups CT and T50.

The seric triglycerides levels (Table 3) diffew the studied groups only on day 84
(p<0.001), wherein the group T200 showed an inereasmpared with groups CT, T50 and
T100. No differences were observed regarding tha@eskerol, uric acid, ALT and alkaline
phosphatase levels (p>0.05) (Table 3 and 4).

The seric biochemical analyses of poultries reactahat the higher doses of OEO
changes the proteic metabolism increasing the $mrals of globulins, in accordance to results
observed by Alget al. (2012). This author detected an increase on gloleNels in broilers with
use of 300 mg/kg of OEO on the feed.

Albumin and globulin comprises the most importaatics proteins, exerting important
physiological functions, such as: transport of samses (hormones, vitamins, minerals and
lipids), maintenance of plasmatic osmotic pressamd immunity (Polatet al., 2011). The
increase on total proteins levels, as well as obugin levels in treated poultries with OEO may
be attributed to a direct influence on proteic rhetsm linked to immune system (Zhat al.,
2014).

According to Moomivancet al. (2015), the compounds present in the essentisloaih
stimulate the proteic synthesis and the immuneegysprotecting the cells against oxidation.
These effects were observed by Tolétaal. (2010) using a mixture of 1.0 and 2.0 g/kg of oils
(thyme, oregano, cinnamon and piper), with a siamdbus increase on albumin and globulin
levels and a reduction on lipids content in chickefccording to these authors, the increase on

globulin levels is linked to the immunostimulantfeets, important to poultries immunity
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(Ghazalah & Ali, 2008), i.e., the augmentationimgéd with a possible response to inflammatory
process.

The basal seric levels of total proteins in poedtrvaries from 3.0 to 6.0 mg/dL, and
values above 6.0 mg/dL, such as observed in tieiseot study, may occur due to dehydration or
increase on total globulins levels, hyperglobulireeassociated with diseases or chronic bacterial
infections. However, in female poultries, the carication of total proteins increases before the
oviposition, which may be attributed to estrogeduiction in the ovary, raising globulin levels
(Hasegaweet al., 2002). In this study, the increase on seric lewdldotal proteins may be
partially explained by possible hormonal effectsoggated to immunostimulatory effect of OEO,
increasing the globulins levels.

Albumin is a protein responsible by the transpdrtfaity acids, minerals, uric acid,
vitamins and hormones (Maciet al., 2007). According to Traeset al. (2011b), the reduction
of seric total proteins (albumin and globulin) asated to increase on seric triglycerides levels
suggests hepatic insufficiency (but not hepatieakg), for the reason that albumin synthesis
occurs only in the liver.

The increase on seric triglycerides levels on déyw@s observed in the poultries that
received 200 mg of OEO/Kkg of ration, similarly esults observed by Bolukbast al. (2006) in
broilers supplemented with thyme oil. Accordinghese authors, it occurs due to an increase on
metabolism of proteins, fatty and carbohydrateoeissed with an increase on triglycerides
concentration (Sirvydigt al., 2003). According to Traesek al. (2011a), the essential oils can
produce some toxic effects when administered imdrigloses. Thus, it is necessary to define
safety levels in order to avoid poultries healtimdge.

In a study conducted by Toghyaei al. (2016), it was observed an increase on seric
triglycerides levels in poultries fead libitum This occurs due to an increase on hepatic very
low-density lipoprotein (VLDL) in serum, the mainglyceride transporter. It may be considered
an indicator of changes in hepatic secretion of YL&nhd hepatic lipogeneses (synthesis of
triglycerides and fatty acids). Other explicatioayrbe linked with the catabolism of fatty acids
and regulation of energetic metabolism that affdaisctly the physiological responses.

According to Meloet al. (2016), the addition of new elements to a ratiory ause an
increase on mobilization of triglycerides from ties to circulation. Concentrations of

triglycerides and cholesterol in poultries thateiged ration with natural additives may be linked
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with antioxidant and antibacterial properties (&t al., 2015). Some factors contribute for
these results, such as age, sex, type of poultriggtional and physiological status, as well as
the differences on composition of compounds (Mo@nd/et al., 2015; Akbari & Mehran,
2014). However, this increase on triglycerides levan poultries is not considered a negative
effect on bird health.

Bampidis et al. (2005) observed the absence of differences ragargilasmatic
cholesterol levels in turkeys fed with dried oregdeaves, similarly to results observed in this
study. Moreover, in a diet for broilers containiceyvacrol and thymol (Leet al.,2003) and in a
diet for laying hens containing a mixture of essdrils (Bozkurtet al.,2012) no difference was
observed on cholesterols levels. This non-sigmticaffect may be associated to OEO
components that were ineffective in the inhibitiohthe enzyme 3-hidroxi-3-methyl-glutaril-
CoA reductase (HMG-CoA reductase), which is a mmiton cholesterol synthesis (Khattetk
al., 2014).

Study conducted by Basmacioglu-Malayoghti al. (2010) related that thymol and
carvacrol may exhibit hypocholesterolemic effe¢teotigh inhibition of HMG-CoA reductase.
Moreover, a reduction on lipid content and totablesterol levels in a diet containing rosemary
oil for broiler can be attributed to thymol and\arol compounds (Polat al.,2011). However,
despite the presence of thymol and carvacrol on @E€ in this work, none inhibition was
verified on seric triglycerides levels. Probablye tabsence of inhibition is associated with the
guantities of OEO applied in this study.

No differences regarding seric uric acid levels, vasll as on ALT and alkaline
phosphatase levels were observed for the studagbgr According to Zhet al. (2014), hepatic
damages or increase on permeability of hepatic oatiease the seric ALT levels. This increase
was not observed in the present study. The alkgimesphatase activity produced by many
organs and tissues, such as the liver, is an imporharker of bony metabolism, and the age of
poultry may increase or decrease its activity (Ztual., 2014). The activity of alkaline
phosphatase activity did not differ for the invgated treatments, therefore, the applied treatment
did not cause hepatic injury.

Based on the results, it is noted that the use06frag of OEO/kg of ration leads to an
increase on seric globulin levels on day 28. Theseomtion may be considered an

immunostimulatory effect of OEO. For further daystreatment, the use of OEO increases the
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seric triglycerides levels. In summary, it is card#d that treatment with OEO exerts beneficial

effects on bird health, and not possesses toxecisfion tested doses.

Ethics Committee: This project was approved by Ethics Committee dmahresearch of Santa
Catarina State University (UDESC), under protoaghber 1.39.15.
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Figure 1. Composition ofOriganum vulgareessential oil (oregano) obtained by gas
chromatograph.
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Table 1: Percentual and calculated composition of experialegation used to the treatment of
laying hens.

Ingredients Composition (%)
Corn 63.34
Soybean meal 22.16
Soy oil 1.30
Calcitic limestone 11.20
Vitamin and Mineral Core * 2.00
Total 100
Calculated composition

Crude protein (%) 15.00
Metabolic energy(kcal/kg) 2.85
Phosphorus available (%) 0.28
Calcium (%) 4.00
Digestible methionine + cysteine (%) 0.69
Digestible methionine (%) 0.35
Digestible lysine (%) 0.68

* Product composition (kg): folic acid 54,00 mggeaiinic acid 1.000,00 mg, pantothenic acid 680,@f) Iniotin 2,70
mg, calcium 80,00/160,00 g, cobalt 27,0 mg, coop&00,00 mg, choline 10,00 g, iron 5.000,00 niytase 20,00
ftu, fluorine 650,00 mg, phosphorus 42,00 g, iod#®00 mg, manganese 2.500,00 mg, mineral matt@00Qy,
methionine 38,00 g, selenium 10,00 mg, sodium 9§,0@umidity 120,00 g, vitamin A 374.000,00 Ul,artin B1
40,00 mg, vitamin B12 1.000,00 mcg, vitamin B2 200mg, vitamin B6 54,00 mg, vitamin D3 75.000,00 Ul
vitamin E 1.500,00 Ul, vitamin K 100,00 mg and zth600,00 mg.
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Table 2: Seric levels of total proteins, albumin and globuln days 28, 56 and 84 post-
treatment.

Variables Mean + DP P value
TC TO T50 T100 T150 T200
Total Day 28 7.18b 7.52b 6.98b 7.78b 10.78a 11.32a 0.002*
proteins (x0.77) (x1.43) (#0.61) (+1.63) (¥3.64) (+2.89)

(g/dl)  Day 5¢ 6.22b  6.38b  7.68a 7.17ab 7.02atk  7.07ab 0.020*
(#0.53)  (0.78) (#0.92) (#0.89) (x0.25) (+0.86)

Day 8¢ 6.33b 6.60b 535b 6.67a 5.65b  5.30c 0.003*
(£0.63)  (0.64) (#0.34) (#1.33) (x0.32) (+0.60)

Albumin  Day 2¢ 2.70a  2.35ab  1.97at 2.02ab  1.82b  2.05ab 0.020°
(g/dI) (£0.43)  (+0.87) (20.14) (0.18) (+0.38)  (0.45)
Day 5¢ 1.92 1.90 2.13 1.62 2.18 2.15  0.25("
(£0.54)  (+0.51) (20.24) (x0.59) (£0.50)  (+0.14)
Day 8¢ 1.87at  2.07a 1.87at  1.65b 1.73at  1.87ab 0.040’
(£0.10)  (#0.12) (¢0.36) (#0.28) (#0.16) (#0.12)

Globulin  Day 2¢ 4.32c 5.17b 5.02c 5.77ab  8.97ab 9.27a 0.C01*

(g/dl) (+0.51)  (#1.54) (+0.69) (+1.70) (#3.72) (+3.26)
Day 5¢ 4.30 4.48 5.55 5.55 4.83 4.92  0.15(*

(+0.99)  (#1.14) (+1.04) (¢1.16) (£0.54) (+0.79)
Day 8 4.47 4.53 3.48 5.02 3.92 3.43  0.05(™

(x0.59) (x0.67) (20.65) (¥1.37) (#0.34) (+0.55)
& b epifferent letters in the same line differs statiatly between groups by Tukey post hoc test (5%an&ard
deviation (DP), non-significative (NS); Group CTardrol treated with 30 mg of zinc bacitracin; Grot@. 0% of
oregano essential oil (OEO); group T50: 50 mg/kgO&O; group T100: 100 mg/kg of OEO; Group T150: 150
mg/kg of OEO; Group T200: 200 mg/kg of OEO. * p<®.0
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Table 3: Seric levels of triglycerides, cholesterols ani@d acid(mg/dL) on days 28, 56 and 84
post-treatment.

Variable Mean + DP P value
TC TO T50 T100 T150 T200
S
Triglycerides Day 998.33 1089.83 992 1069.33 1049 995.83 0.870

28 (+158.16) (+188.94) (+118.98) (+220.44) (+56.85) (+237.84)

Day 879.17 878.00 916.83 723.17 874.17 834.17 0.79(*
56 (+341.68) (+210.65) (+171.15) (+320.22) (+153.93) (+183.20)

Day 986.17b 1097.67at 708.17c 684.67c 987ab  1340.83: 0.001’
84  (+151.42) (+308.19) (+134.56) (+119.55) (+101.89) (+236.47)

(mg/dl)

Cholesterol Day  97.33 10350 96.83  102.67 96.83  103.33 0.99("
(mg/dl) 28 (+14.15) (#34.55) (+31.75) (+29.99) (+24.70) (+29.62)

Day  89.50 82.17 11567 102,50 119.17 113.83 0.37(™
56 (£21.58) (£19.36) (+43.29) (#40.27) (¥36.41) (+42.07)

Day  85.33 10050 11517 116.67 9250  80.00 0.44(™
84 (+35.56) (#35.57) (36.50) (+36.52) (+19.46) (+20.67)

Uric acid  Day 5.53 5.88 4.93 4.18 6.00 5.38  0.29(™
(mg/dl) 28 (£1.30)  (£1.48)  (+1.01) (£1.78) (+1.84) (1.11)
Day 5.67 4.22 4.97 5.73 5.70 3.85 0.16(™
56 (#1.60)  (£1.25) (#0.96) (#¥1.70) (¥2.15) (1.35)
Day 8.93 6.82 6.87 7.20 8.03 7.18  0.47(*

84 (£2.99)  (£1.95) (+2.21) (£1.40) (¥2.01) (¢1.61)

a P °pifferent letters in the same line differs statiatly between groups by Tukey post hoc test (5%3n&ard
deviation (DP), non-significative (NS); Group CTardrol treated with 30 mg of zinc bacitracin; Grot@: 0% of
oregano essential oil (OEO); group T50: 50 mg/kgd&O; group T100: 100 mg/kg of OEO; Group T150: 150
mg/kg of OEQ; Group T200: 200 mg/kg of OEO. * p<&.0
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Table 4: Seric levels of alanine aminotransferase (ALT) aha@line phosphatase (U/L) on days
28, 56 and 84 post-treatment.

Variable Mean + DP P value

TC TO T50 T100 T150 T200
ALT(U/L) Day 28 13.73 12.33 14.67 12.33 16.17 13.83

S

(+4.96) (:582) (+6.31) (:361) (410.85 (+7.68) °-190

Day5¢  11.83 1050  9.33 1017 850  8.00  0.34C%
(1256) (+0.84) (+3.20) (+4.12) (+356) (+3.63)

Day8, 850 850 833 850 817  7.83 0.99(%

(£3.62) (+2.66) (#5.32) (#3.33) (+2.56) (¥2.71)

Alkaline  Day 2¢ 178.50 255.00 248.50 215.00 247.50 213.83 0.67(™
phosphatase (£70.94) (£79.63) (+98.32) (£115.49) (x115.89) (x34.45)
(U/L) Day 5¢ 193.17 142.00 124.00 179.50 187.33 170.00 0.33(*
(x72.73) (£25.50) (¥53.58) (x78.31) (+68.51) (56.75)
Day 8¢ 180.50 142.00 165.33 175.17 199.83 203.67 0.59(™
(x47.09) (x44.69) (x71.60) (+56.87) (x78.01) (x78.90)
Standard deviation (DP), non-significative (NS)pGp CT: control treated with 30 mg of zinc bacitna¢roup TO:
0% of oregano essential oil (OEO); group T50: 50kggf OEO; group T100: 100 mg/kg of OEO; Group 015
150 mg/kg of OEQ; Group T200: 200 mg/kg of OEO <OO5.
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3 CONSIDERACOES FINAIS

O ¢6leo essencial de orégano pode ser utilizadalimentacdo de galinhas poedeiras sem
efeitos negativos sobre o desempenho produtivawks substituindo o antibiético. Na qualidade
de ovos, sua utilizagdo provou ser eficiente ermrdar a peroxidacéo lipidica da gema de ovos
frescos e armazenados por 21 dias em temperatinaras aumentando assim sua viabilidade e
tempo de prateleira. O efeito do 6leo essenciabtrdgano na alimentacdo das aves apresentou
efeito sobre o perfil bioquimico com aumento nogeisi séricos de globulina nas aves, com
possivel resposta imune estimulante, além dissofaidioxico para as aves e, portanto tem efeito

benéfico na saude das aves.
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Comité de Etica em Experdmentaciio
Cenino de Cidncias Agroveberinanas

CARTA DE APROVACAO

O Comité de Etica em Experimentac3o Animal da UDESC analisou o(s) projeto(s):

Protocolo: 1.39.15

Titulo: Uso do oleo esséncial de orégano na alimentagdo de podeiras comerciais
e seus efeitos sobre 0 desempenho e qualidade dos ovos.
CoordenadoriPesquisador: Marcel Manente Boiago

O Comité de Etica em Experimentagio Animal (CETEA) APROVOU o(s)
projeto(s) acima relacionado(s) em seus aspectos éticos e metodoldgicos, para
utiizagdo de animais em pesquisa, de acordo com as diretrizes & normas
nacionais e ntemacionais, especialmente a Lei 11.754 de 08 de novembro de
2008 gue disciplina a criagdo e utilizac3o de animais em atividades de ensino e
pesquisa no Brasil.

Lages, 02 de outubro de 2015.
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