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RESUMO

DESEMPENHO E QUALIDADE DOS OVOS DE CODORNAS ALIMENTADAS
COM DIETA SUPLEMENTADA COM PROPOLIS VERMELHA

O objetivo deste estudo foi avaliar os efeitos da adicdo da prépolis vermelha (PV) na
alimentacdo de codornas sobre o desempenho produtivo e a qualidade dos ovos. Para isso,
120 codornas, com 52 dias de idade, foram distribuidas em um delineamento inteiramente
casualizado (DIC), com quatro tratamentos e seis repetices de cinco aves cada. Os
tratamentos foram: TC, a dieta basal sem antimicrobiano e sem PV; TE, enramicina (10
mg/kg de racdo); PV1, PV (1g/kg de racdo) e PV2, PV (2g/kg de racdo). O experimento teve
duracdo de 63 dias subdivididos em trés ciclos de 21 dias. Nos pardmetros avaliados do
desempenho produtivo, como o consumo de racdo por ave por dia, a producao, o peso médio e
a massa de ovos, a conversao alimentar: kg de racéo por kg de ovos produzidos e a conversao
alimentar: kg de racdo por dizia de ovos produzidos ndo foi observada diferenca estatistica
significativa nos tratamentos aos quais as aves foram submetidas. Quanto a qualidade dos
ovos, foi observada a gema dos ovos com cor mais escura, maior intensidade de vermelho e
menor intensidade de amarelo e o pH menor que 6,0 provenientes das codornas tratadas com
PV comparadas ao TC. Nas analises microbioldgicas a contagem de aerobios meséfilos foi
menor na superficie dos ovos tratados com PV1 quando comparado ao TE, no terceiro ciclo.
Houve menor presenca de colbnias bacterianas na superficie dos ovos armazenados por 21
dias, das codornas tratadas com PV1 e TE quando comparados ao TC. No segundo e terceiro
ciclo foi menor a presenca de colénias de aer6bios mesofilos nas fezes das codornas quando
comparados ao primeiro ciclo. No primeiro ciclo observou-se menos coliformes totais e
Escherichia coli nas fezes das codornas tratadas com PV1 quando comparado ao TE. Ap0s 0s
21 dias de armazenamento dos ovos foi observada menor perda de peso nos ovos e niveis
menores de peroxidacdo lipidica da gema, das codornas alimentadas com TE e PV1. E
possivel concluir que a PV apresentou resultados promissores para ser utilizada como aditivo
alimentar para codornas poedeiras ja que manteve o desempenho produtivo destes animais e
provocou melhoras qualitativas nas caracteristicas fisico-quimicas e microbioldgicas dos ovos
produzidos.

Palavras-chave: Antimicrobianos. Antioxidantes. Coliformes. Extrato aquoso. Peroxidagao
lipidica.



ABSTRACT

PERFORMANCE AND QUALITY OF QUAIL EGGS FED WITH DIET
SUPPLEMENTED WITH RED PROPOLIS

The objective of this study was to evaluate the effects of red propolis (RP) as a feed additive
for laying quails regarding their performance and the quality of fresh and stored eggs. A total
of 120 laying quails with 52 days of age were distributed in a completely randomized design
with four treatments and six replicates of five birds each. The treatments consisted of a TC:
treatment control feed without the use of antibiotics and RP; TE: feed with enramycin (10
mg/kg of feed); RP1: feed with RP (1g/kg of feed); RP2: feed with RP (2g/kg of feed). The
experiment lasted 63 days subdivided into three cycles of 21 days each. The results of
productive performance such as percentage of egg production, feed intake per quail per day,
average egg weight, egg mass, feed conversion (kg of feed per kg of eggs) and feed
conversion (kg of feed per dozen eggs) showed no significant difference between the four
treatments. Fresh eggs showed significant difference in their yolk color, where a darkest color
was identified, with higher intensity of red and lower intensity of yellow in the two treatments
with RP when compared to the TC. Yolk pH was less than 6.0 in the two treatments with RP.
Mesophilic aerobic count was lower on the surface of eggs treated with RP1 when compared
to TE, in the third cycle. There was a lower presence of bacterial colonies on the surface of
eggs stored for 21 days in quails treated with RP1 and TE when compared to TC. In the
second and third cycle, the presence of mesophilic aerobic colonies in quail feces was lower
when compared to the first cycle. In the first cycle, less total coliforms and less Escherichia
coli were observed in the feces of quails treated with RP1 when compared to TE. After 21
days of egg storage, the lowest egg weight loss and lower levels of yolk lipid peroxidation
were observed in quails fed with TE and RP1. It is possible to conclude that RP showed
promising results to be used as a feed additive for laying quails, since it maintained the
productive performance of these animals and caused qualitative improvements in the
physicochemical and microbiological characteristics of the eggs.

Key words: Antimicrobials. Antioxidants. Agqueous extract. Coliforms. Lipid peroxidation.
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1 INTRODUCAO

A coturnicultura ou criacdo de codornas tém apresentado desenvolvimento acentuado,
adequando-se as novas tecnologias de producéo, onde a atividade tida como de subsisténcia,
passou a ocupar um cenario de atividade altamente tecnificada com resultados promissores
aos investidores (PASTORE et al., 2012).

No Brasil, os dados divulgados pelo Instituto Brasileiro de Geografia e Estatistica
mostram que o plantel de codornas em 2019 alcangou a marca de 17,4 milhdes de aves, um
aumento de 3,3%, frente a 2018 e a producdo de ovos aumentou 5,6% (IBGE, 2020).

Alguns fatores relacionados a esse aumento, sdo decorrentes do rapido crescimento,
precocidade na producdo, maturidade sexual (35 dias a 42 dias), alta produtividade (média de
300 ovos/ano) e a persisténcia em elevada producdo de ovos (14 a 18 meses) dessas aves
(PINTO et al., 2002; BARRETO et al., 2007).

Barbosa et al. (2008) afirmaram que a qualidade da producéo de ovos de codorna é um
dos principais interesses dos produtores e consumidores de ovos, uma vez que esta
diretamente relacionada a fatores, como saude e bem-estar dos animais. O aumento do
consumo de ovos e 0 conhecimento de suas vantagens nutricionais pela populacdo dependem
da qualidade do que é oferecido ao consumidor, estabelecido por um conjunto de
caracteristicas que podem estimular o seu grau de aceitabilidade no mercado.

O ovo por se tratar de um alimento completo, de alta qualidade nutricional e preco
acessivel, torna-se um alimento mundialmente consumido, por ser rico em proteinas de alto
valor bioldgico, vitaminas do complexo B, A, E, K, minerais como ferro, fosforo, selénio e
zinco, carotenoides como a luteina e zeaxantina, e também fonte importante de colina, um
importante componente do cérebro (HENRIQUE, 2002).

Os consumidores buscam por produtos de origem animal de qualidade, saudaveis e o
setor produtivo se intensifica, melhora com o propoésito de aumentar a producdo, o retorno
econémico dos produtores e a satisfacdo dos consumidores. Dentre as formas de melhoria dos
meios produtivos, a nutricdo dos animais se mostra como fator essencial para que alcance o
desenvolvimento e intensificagéo dos sistemas produtivos (GENOVA et al., 2020).

A nutricdo tem papel fundamental influenciando diretamente no desempenho
zootécnico e as condic¢des nutricionais ofertadas refletem no desempenho das aves durante a
fase produtiva (BRUXEL, 2016). A alimentacdo fornecida, com ingredientes de qualidade,
promove a expressao do potencial genético e zootécnico dos animais.

Os melhoradores de desempenho como os antimicrobianos utilizados na alimentacao
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das aves ttm como objetivo controlar os agentes prejudiciais ao trato digestivo, promovendo o
equilibrio da microbiota do trato, e consequentemente, aumentar as taxas de crescimento e
sobrevivéncia, melhorar a satde do trato gastrointestinal, a eficiéncia alimentar e aumentar a
disponibilidade dos nutrientes da dieta para as aves (PANDOLFI e MOTA, 2020).

No Brasil, o Ministério da Agricultura, Pecuéria e Abastecimento, por meio da
Instrucdo Normativa n°® 13 de 30 de novembro de 2004, estabelece o regulamento técnico
sobre aditivos para produtos destinados a alimentacdo animal, dentre estes estdo os aditivos
zootécnicos como o0s melhoradores de desempenho. Para fins desta regulamentacéo,
considera--se: aditivo para produtos destinados a alimentacdo animal: substancia,
microrganismo ou produto formulado, adicionado intencionalmente aos produtos, que ndo é
utilizada normalmente como ingrediente, tenha ou ndo valor nutritivo e que melhore as
caracteristicas dos produtos destinados a alimentacdo animal ou dos produtos animais,
melhore o desempenho dos animais sadios e atenda as necessidades nutricionais ou tenha
efeito anticoccidiano (BRASIL, 2004).

Os antibioticos ndo sdo somente usados como melhoradores de desempenho. Eles
também tém uso profilatico e terapéutico, sendo imprescindiveis para a producdo animal.
Porém, os antimicrobianos como promotores de crescimento sdo utilizados em doses
subterapéuticas na alimentacdo dos animais, a fim de inibir o crescimento de bactérias que
secretem substancias toxicas que prejudiquem a absor¢do de nutrientes. Além disso, 0s
antibidticos promovem a morte de bactérias Gram-positivas, melhorando a conversédo
alimentar devido a diminuicdo do consumo de energia por essas bactérias. A resisténcia a
antimicrobianos implicou em muitas restricdes ao uso de antibidticos por diversos paises,
inclusive o Brasil (PANDOLFI e MOTA, 2020).

Na busca por alternativas ao uso dos antimicrobianos pode-se sugerir a propolis que é
uma mistura complexa, formada por material resinoso e balsamico coletado pelas abelhas dos
ramos, flor, pdlen, brotos e exsudatos de arvores, além de secregdes salivares e enzimas
(FRANCO et al., 2000). A propolis tem sido estudada e reconhecida por propriedades
farmacoldgicas, como antimicrobiana, antioxidante, anti-inflamatdria, imunomodulatoria,

hipotensiva, cicatrizante, anestésica e anticarcinogénica (NIEVA MORENO et al., 1999).

2 REVISAO DA LITERATURA

2.1 COTURNICULTURA
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A coturnicultura industrial no atual cenério, possibilita aos produtores trés tipos de
codornas para a exploragdo: a codorna europeia (Coturnix coturnix), a codorna japonesa
(Coturnix japonica) e a codorna americana conhecida como Bobwhite quail (Colinus
virginianus). Essas linhagens possuem diferentes caracteristicas de tamanho, peso,
precocidade, coloragdo de casca de ovo, taxa de postura e coloragdo das penas. Essa distin¢éo
de caracteristicas direciona cada uma dessas linhagens para uma determinada aptiddo, seja
para carne ou para ovos (ALBINO e BARRETO, 2003).

A criacdo de codornas com a finalidade de produzir carne e ovos iniciou-se em 1910,
com 0s japoneses e chineses, que através de diversos cruzamentos entre espécies selvagens,
conseguiram obter a Coturnix coturnix japonica, ou seja, a codorna doméstica (MURAKAMI
etal., 1998).

Albino e Barreto (2003) relataram que a maturidade sexual das codornas geralmente é
atingida aos 42 dias de idade para as fémeas. E uma ave bastante resistente e pode ser criada
tanto em regides quentes ou frias, mas em condi¢des de conforto térmico responde
positivamente em produtividade, apresentando aumento e persisténcia na producao de ovos. A
producdo de ovos pode atingir 300 ovos por fémea na sua vida Util de aproximadamente um
ano.

As codornas japonesas atingem pesos sempre superiores a 100 gramas (115-180
gramas). Apresentam postura regular e grande rusticidade. Os ovos séo grandes em relacdo ao
tamanho do corpo, correspondendo a aproximadamente 8,1% do seu peso corporal, enquanto
na galinha e na perua sdo de 3,0 e 1,9%, respectivamente (MURAKAMI et al., 1998).

Na alimentacdo de codornas, a racdo representa cerca de 65 a 75% do custo de
producdo (FREITAS et al., 2005). Mendes e Saldanha (2004) afirmaram que um conjunto de
técnicas relacionadas ao manejo, nutricdo, vacinas e equipamentos contribuem para fazer da
producdo avicola brasileira uma atividade econdémica com indices de produtividade
equivalentes aos observados nos paises mais desenvolvidos do mundo. Porém, para a
obtencdo de alta produtividade, alguns aditivos zootécnicos tém sido usados como
melhoradores de desempenho, entre eles, os antimicrobianos melhoradores de desempenho
(AMD).

2.1.1 Qualidade dos ovos

O ovo é considerado um dos alimentos mais completos em niveis nutritivos para o

consumo humano (REGO et al., 2012), portanto considerado excelente fonte de &cidos
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graxos, carboidratos, minerais, vitaminas e principalmente proteinas (GIAMPIETRO et al.,
2008). A qualidade do ovo é determinada pela qualidade da casca, qualidade interna,
resisténcia a manipulacéo, idade das aves, nutricdo, genética e condicdo sanitaria das aves.

O ovo por se tratar de um alimento completo e de alta qualidade e prego acessivel,
torna-se um alimento mundialmente consumido. Rico em proteinas de alto valor biolégico,
vitaminas do complexo B, A, E, K, minerais como ferro, fosforo, selénio e zinco, carotenoides
como a luteina e zeaxantina, e também fonte importante de colina, um importante componente
do cérebro (HENRIQUE, 2002).

A utilizacdo de estratégias nutricionais com o intuito de melhorar a composicéo e
qualidade dos produtos de origem animal destinado a alimentacdo da populagéo, constitui-se
em um elo entre a producdo animal, a tecnologia de alimentos e a nutricdo humana
(BARRETO et al., 2006).

Neste sentido, o ovo se destaca por ser considerado um alimento de exceléncia
nutricional devido sua proteina de alto valor bioldgico. Logo, o aumento do consumo de ovos
e a utilizacdo de seus beneficios nutricionais dependem da qualidade do produto que se
oferece ao consumidor (BRESSAN e ROSA, 2002). Ademais o0 consumo de ovos traz muitos
beneficios a salde devido sua composicdo lipidica, a presenca de vitaminas A, E, K e
complexo B, minerais como ferro, fosforo, selénio e zinco, carotenoides como a luteina e
zeaxantina, além de ser uma fonte importante de colina (HENRIQUE, 2002).

Mendonca (2013) salienta que os ovos sdo 0 modelo de referéncia para a transferéncia
de nutrientes da dieta, haja vista que o tipo de acido graxo presente na gema esté relacionado
ao tipo de lipideo consumido pela ave. O ovo € perecivel, e inicia a perda de sua qualidade
logo ap6s a oviposicdo, particularmente na auséncia de adequados métodos de

armazenamento, como constatado por Wardy et al. (2010).

2.2 ANTIMICROBIANOS VIA ALIMENTACAO

No Brasil, o0 uso de antimicrobianos melhoradores de desempenho é permitido e feito
dentro de normas estipuladas pelo Ministério da Agricultura Pecuaria e Abastecimento
(MAPA). Estas normas entraram em vigor a partir de 2004, quando uma das principais
mudangas foi a definicdo de niveis maximos para utilizacdo de cada antimicrobiano. O
relatério técnico da portaria do MAPA, n° 40, de 08 de janeiro de 2006 relata que o emprego
de antimicrobianos em agropecuaria, como aditivos e seus reflexos na salde publica, tem

recebido grande atencdo, tendo sido objeto de muitas discussdes em indmeras reunifes
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cientificas. A enramicina é um antibidtico polipeptidico que apresenta uma potente atividade
contra bactérias gram-positivas. E utilizada em medicina veterinaria como aditivo zootécnico
melhorador do desempenho. Ndo tem autorizacdo de uso para fins terapéuticos em medicina
humana ou veterinaria. Seu mecanismo de ac¢do esta ligado a inibi¢do da formacéo da parede
celular bacteriana (BRASIL, 2006).

Lorengon et al. (2007) afirmaram que os melhoradores de desempenho sdo 0s
principais aditivos de uso na alimentacdo animal, em particular na dieta de aves, sendo
responsaveis pela melhoria na produtividade animal, principalmente nas fases iniciais de
criacdo. A maioria dos antibidticos é constituida por produtos antibacterianos utilizados em
doses subterapéuticas por quase toda a vida do animal, respeitando apenas o periodo de
caréncia antes do abate.

Com a possibilidade do desenvolvimento de resisténcia bacteriana aos antibiéticos, a
Comissdo Europeia (CE), pelo principio da precaucdo, decidiu proibir a inclusdo dos
antibidticos promotores de crescimento na racao dos animais em acordo com o regulamento
CE n° 1831/2003 (HUYGHEBAERT, 2011). Além do principio da precaucdo estabelecido
pela Unido Europeia e a crescente preocupacdo da populacdo em consumir alimentos
produzidos sem produtos quimicos (antibidticos), um dos maiores desafios da avicultura é
encontrar produtos alternativos capazes de substituir os antimicrobianos.

De acordo Huyghebaert et al. (2011) as estratégias de usar produtos alternativos aos
antibidticos, na alimentacao das aves, deverdo apresentar efeitos semelhantes aos antibioticos

melhoradores de desempenho.

2.3 PEROXIDAGAO LIPIDICA

Quando alimentos lipidicos sdo mantidos a temperaturas elevadas pode ocorrer
peroxidacdo lipidica e deterioracdo dos alimentos, com formacdo de produtos tdxicos. A
peroxidacao lipidica constitui a principal causa de deterioracdo dos acidos graxos. Afastados
do seu contexto de protecdo natural, os compostos lipidicos sofrem, no decurso de processos
de transformacéo e armazenamento, alteracGes do tipo oxidativa, as quais tem como principal
consequéncia a modificacdo do sabor original e o aparecimento de odores e gostos
caracteristicos do rango, o qual representa para o consumidor, ou para o transformador
industrial, uma importante causa de depreciagéo ou rejeicdo (ZORRO, et al., 2012).

A peroxidacdo lipidica ou lipoperoxidacdo (LPO) pode ser definida como uma cascata

de eventos bioguimicos resultantes da acdo dos radicais livres sobre os lipideos insaturados
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das membranas celulares, gerando principalmente radical alquila, alcoxila e peroxila, levando
a destruicdo de sua estrutura, faléncia dos mecanismos de troca de metabdlitos e, numa
condicdo extrema, a morte celular (BENZIE, 1996). A LPO talvez se constitua no evento
citotoxico primario que desencadeia sequéncia de lesdes na célula. As alteracBes nas
membranas levam a transtornos da permeabilidade, alterando o fluxo idnico e o fluxo de
outras substancias, o que resulta na perda da seletividade para entrada e/ou saida de nutrientes
e substancias toxicas a célula, alteracdes do DNA, oxidacdo da LDL e comprometimento dos
componentes da matriz extracelular (proteoglicanos, colageno e elastina) (VACA et al., 1988;
BARBER e HARRIS, 1994).

A peroxidacéo lipidica que ocorre no ovo principalmente no armazenamento pode ser
avaliada através da determinacdo de substancias reativas ao acido tiobarbitdrico (TBARS)
(FREITAS et al., 2013). O malonaldeido é o produto resultado da peroxidacao lipidica de
acidos graxos que reage com o &cido tiobarbitdrico quando aquecido e a intensidade de
peroxidacao € medida atraves de leitura em espectrofotémetro (532 nm) (LUNA et al., 2010).

Esses parametros sdo utilizados para avaliar a qualidade de ovos, pois auxilia na
avaliacdo do tempo de prateleira do produto. Considerando isto, a qualidade interna pode
piorar devido ao tempo de armazenamento, ja que, ap6s a postura, 0 ovo tende a perder a
qualidade de maneira continua. Isso ocorre devido a casca possuir poros que possibilitam
dentre diversos fatores, que temperatura elevada aliada a baixa umidade promovam maior
acao da enzima anidrase carbo6nica, que acelera a dissociacdo do &cido carbdnico em agua e
gas carbonico, que resulta em perda de qualidade constante (ALBINO et al., 2014).

A recomendacdo mais adequada de se conservar 0 ovo é sob refrigeracdo, entretanto
no Brasil os ovos sdo comercializados em temperatura ambiente, 0 que compromete a
conservacdo (PASCOAL et al., 2008).

2.4 PROPOLIS VERMELHA

Propolis € o nome genérico para a substancia resinosa de composicdo complexa
coletada pelas abelhas, a partir dos mais heterogéneos tipos de plantas. A palavra prépolis é
derivada do grego em que pro significa “em defesa de” e polis “cidade”, isto é, em defesa da
cidade ou da colmeia (MARCUCCI, 1996; CASTALDO e CAPASSO, 2002; PRADO, 2008).
A propolis € um conjunto de substancias de origem boténica que formam uma resina, na qual
é coletada pelas abelhas que a utilizam para fechar as aberturas indesejaveis da colmeia,

promovendo protecdo contra microrganismos, além de ser utilizada para embalsamar insetos.
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Possui cor e consisténcia variadas, de acordo com a flora de cada regido (GHISALBERTI,
1979).

A propolis comegou a ser apreciada como meio para tratamento de problemas de
salde nos anos de 1950 e 1960 na ex-Unido Soviética e em paises do leste da Europa, como
Bulgaria, Republica Tcheca e Poldnia. Nos paises do oeste europeu, na América do Sul e do
Norte e no Japdo, a propolis ndo adquiriu popularidade até 1980. Na metade dos anos 80, a
prépolis tornou-se um importante produto na medicina alternativa e complementar. O Japéo é
o principal importador de propolis, com preferéncia pela propolis brasileira (SALATINO et
al., 2005).

Pesquisadores estudaram amostras de propolis coletadas de varias regibes do Brasil,
objetivando classifica-las a partir de suas caracteristicas fisico-quimicas e propriedades
bioldgicas. Esses estudos indicaram a existéncia de uma grande diversidade de propolis dentro
do territério brasileiro sendo as regides Sul e Nordeste as que possuem maior diversidade de
prépolis. As propriedades bioldgicas dependem do tipo da prdpolis testada, portanto, cada tipo
de propolis pode ter aplicacGes diferentes (CORDEIRO et al., 2015).

A propolis vermelha brasileira é composta principalmente por flavonoides e
compostos fendlicos (ALENCAR et al., 2007). A existéncia da propolis vermelha tem sido
reportada em muitos paises como na costa nordeste do Brasil (estados de Alagoas, Sergipe,
Bahia, Paraiba e Pernambuco), Cuba, México e China. A ampla ocorréncia geografica desse
tipo de prépolis indica que sua a origem boténica é diferente nos diversos paises, bem como
as caracteristicas da flora, fauna e clima locais (LOPEZ et al., 2014).

Para a propolis vermelha do nordeste brasileiro, as pesquisas de Silva e colaboradores
(2008) indicaram que a sua origem botanica é a espécie Dalbergia ecastophyllum
(Leguminosae), popularmente chamada de “rabo-de-bugio”, devido a correspondéncia
guimica existente entre a prépolis e 0s exsudatos resinosos produzidos por esta planta.

A propolis vermelha difere quimicamente das demais por possuir compostos
classificados como isoflavonoides (daidzeina, formononetina, biochanina A, medicarpina,
vestitol), chalcona (isoliquiritigenina), flavanona (liquiritigenina), neoflavonoide (dalbergina)
e isoflavonol (neovestitol) (ALENCAR et al., 2007; DAUGSCH et al., 2008; OLDONI et al.,
2011). A retusapurpurina A e a retusapurpurina B sdo identificadas como duas C30
isoflavanas, estas sdo responsaveis pela pigmentacdo a qual confere a coloracdo rubra da
propolis vermelha (PICCINELLI et al., 2011).

De acordo com a Instru¢gdo Normativa n°® 11, de 20 de outubro de 2000, no Anexo VI —

Regulamento Técnico de Identidade e Qualidade do Mel, a propolis pode ser classificada
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quanto ao teor de flavonoides em baixo teor (até 1%), médio (1 a 2%) e alto teor (acima de
2%). A mesma regulamentacdo considera 5% como valor minimo de compostos fendlicos
(BRASIL, 2001).

2.4.1 Atividade antimicrobiana

Os componentes da propolis como os flavonoides, o &cido caféico, acido benzdico,
acido cinamico, provavelmente agem na membrana ou parede celular do microrganismo,
causando danos funcionais e estruturais (SCAZZOCCHIO et al., 2005). A propolis possui
atividade antibacteriana maior contra bactérias gram-positivas e limitada contra gram-
negativas (LU et al., 2005; MARCUCCI et al., 2001). Até 0 momento, ndo se tem dados que
respondam o porqué desta menor atividade dos extratos de prépolis contra bactérias Gram-
negativas. Estas bactérias possuem uma parede celular quimicamente mais complexa e um
teor lipidico maior, o que pode explicar essa maior resisténcia (VARGAS et al., 2004).

O mecanismo de atividade antibacteriana dos flavonoides da propolis vermelha pode
ser atribuido principalmente ao dano na membrana citoplasmatica causado pela menor fluidez
da membrana, inibicdo da sintese de acidos nucleicos causada pela topoisomerase, inibi¢do do
metabolismo no citocromo c-redutase NADH ou inibi¢do da formacdo do biofilme, através da
porina na membrana celular, alteracdo da permeabilidade da membrana, e atenuacdo da
patogenicidade (XIE et al., 2015).

Denli et al. (2005) afirma que a propolis como aditivo natural para a alimentagédo
animal pode ser usada na alimentacdo de aves como alternativa aos antibioticos. Tatli-Seven
(2008) concluiu que a suplementacdo de propolis € como alternativa aos antibiéticos em
frangos de corte em condi¢cBes de estresse térmico, usado para 0 desempenho e
digestibilidade.

2.4.2 Atividade antioxidante

Flavonoides s&o relatados como os mais abundantes e efetivos antioxidantes na
propolis. Existe uma correlacdo entre o alto contetdo de flavonoides totais e a atividade anti-
radicais livres em extratos de prépolis da Argentina (AHN et al., 2007). Da Silva et al. (2006)
sugerem que os flavonoides desempenham importante papel na atividade antioxidante de
extratos de prépolis brasileira, mas outros fatores poderiam estar envolvidos (CHOI et al.,

2006). Embora estudos com extratos etandlicos de prdpolis sejam mais comuns, € relatado
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que o extrato aquoso possui uma boa atividade antioxidante, associada ao alto teor de
compostos fenolicos (MANI et al., 2006; VICENTINO e MENEZES, 2007).

Antioxidantes sdo substancias que retardam a velocidade da oxidacao, através de um
ou mais mecanismos, tais como inibicédo de radicais livres e complexacdo de metais (PIETTA,
2000). Analisando os compostos bioativos da propolis vermelha, Oldoni et al. (2011) isolaram
dois isoflavondides (vestitol e neovestitol) e verificaram que 0s mesmos apresentam alta
atividade antioxidante. Contudo, o vestitol se mostrou mais eficiente no teste de inibi¢do do
consumo de caroteno quando comparado ao neovestitol. O consumo de caroteno esta
relacionado com a formacdo de hidroperdxidos de &cido linoleico, e € um método utilizado
para verificar o poder de antioxidagdo de uma substancia.

O potencial antioxidante de um composto é determinado pela reatividade dele como
um doador de elétrons ou hidrogénio, capacidade de deslocar ou estabilizar um elétron
desemparelhado, reatividade com outro antioxidante e reatividade com oxigénio molecular.
Outros efeitos fisioldgicos da acdo de compostos antioxidantes seriam sua atuagdo como
anticancerigenos e antimutagénicos sempre considerando que estes problemas ocorram por
acao de radicais livres (MORAES e COLLA, 2006).

A formacédo de radicais livres esta associada com o metabolismo normal de células
aerdbicas. O consumo de oxigénio inerente a multiplicacdo celular leva a geracdo de uma
série de radicais livres. A interacdo destas espécies com moléculas de natureza lipidica em
excesso produz novos radicais: hidroperoxidos e diferentes perdxidos. Estes grupos de
radicais podem interagir com os sistemas bioldgicos de formas citotoxicas. Com respeito a
isto, flavonoides e fendis tém sido reportados por possuirem atividade antioxidante contra os
radicais livres, a qual esta associada as propriedades redox dos grupos hidroxil e a sua relacdo
com diferentes partes da estrutura quimica (BENAVENTE-GARCIA, et al., 1999)

Estudando o efeito do extrato de prdpolis na dieta de codornas japonesas sobre a acdo
oxidante que ocorre no ovo, Zeweil et al. (2016), observaram que o marcador de estresse
oxidativo, malondialdeido, diminuiu 23,6% e 25,8% para os tratamentos que continham
prépolis a 250 e 500 mg/kg, respectivamente. A capacidade antioxidante total aumentou 9%
para o tratamento com 250 mg/kg, e 21% para o tratamento com 500 mg/kg de propolis em
comparacgéo ao controle.

O desequilibrio entre moléculas oxidantes e antioxidantes que resulta na inducdo de
danos celulares pelos radicais livres € chamado de estresse oxidativo (KIRSCHIVIK e
LEKEUX, 2005; VALKO et al., 2007). Entre os principais danos celulares causados por esses

radicais esta a oxidacdo dos lipidios das membranas celulares, levando a perda da fluidez e
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aumento da permeabilidade das membranas, com liberacdo de nutrientes e substancias toxicas
a célula no espaco extracelular, e até mesmo sua ruptura (FERREIRA e MATSUBARA,
1997; DAMASCENO et al., 2002). As substancias reativas ao acido tiobarbiturico (TBARS)
sdo um dos principais marcadores bioldgicos desse tipo de lesdo em membranas celulares
(DRAPER e HADLEY, 1990). A peroxidacdo lipidica é uma das principais causas de
deterioracdo de produtos alimenticios (OLMEDO et al., 2014).

Contudo, é de extrema importancia a busca por aditivos naturais que possam ser
usados na alimentacdo de animais e a literatura escassa com relacdo a trabalhos utilizando a
propolis vermelha na alimentacdo de codornas de postura e seus efeitos no desempenho
zootécnico e na qualidade dos ovos.

3 OBJETIVOS

3.1 OBJETIVOS GERAIS

Avaliar a eficiéncia do extrato aquoso de propolis vermelha no desempenho produtivo

das codornas japonesas em postura e a qualidade fisica e microbiolégica dos ovos produzidos.

3.2 OBJETIVOS ESPECIFICOS

Verificar se o uso da propolis vermelha promove melhorias na qualidade dos
parametros analisados dos ovos frescos e armazenados das codornas.

Verificar se a propolis pode ser uma alternativa ao antibiético enramicina.

Verificar se a prépolis atuard como antioxidante dos ovos das codornas.

Verificar a peroxidacdo lipidica e perda de peso nos ovos armazenados por 21 dias a

temperatura ambiente.
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Abstract

The objective was to evaluate the effects of red propolis as a feed additive for laying quails
regarding performance and egg quality. A total of 120 laying quails with 52 days of age were
distributed in a completely randomized design with four treatments and six replicates of five
birds each. The treatments consisted of a control treatment; feed with enramycin; two leves of
feed with red propolis. The results of productive performance such as percentage of egg
production, feed intake per quail per day, average egg weight, egg mass, foods conversions
showed no significant difference between treatments. The quails fed with red propolis in fresh
eggs showed darker yolk (P<0.05), with higher intensity of red and lower intensity of yellow;
as less than 6.0 pH yolk; microbiological characteristics analyzed on the surface of eggs and
feces of quails was lower and less than compared with other treatments. It is possible to
conclude that red propolis showed promising results to be used as a feed additive for laying
quails, since it maintained the productive performance of these animals and caused qualitative

improvements in the physicochemical and microbiological characteristics of the eggs.

Key words: Antimicrobials, antioxidants, aqueous extract, coliforms, lipid peroxidation.
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INTRODUCTION

Raising quails has become a profitable activity due to its relevant characteristics,
including their resistance to heat and diseases, low requirement for housing, and also due to
the fact that quail eggs and meat are nutritious and tasty, presenting themselves as an
additional meat protein option for humans (Umigi et al. 2012).

Poultry farming has been using for many years some tools that have resulted in higher
growth and higher yield, including the use of antibiotics as growth promoters (Pelicano et al.
2002). However, misuse of certain antimicrobials may promote the emergence of resistant
bacteria (Garcia-Migura et al. 2014) and nowadays there is a search for more natural
alternative additives, with similar animal performance (Zavarize et al. 2011).

Bee products appear as an alternative for antibiotics and promising food source in
animal nutrition, due to their therapeutic substances (Carpes et al. 2007). Propolis is an
apicultural product made with resins collected by Apis mellifera bees, from vegetative parts of
plants or resinous exudates. In general, propolis is composed of 50% resin and balm, 30%
wax, 10% essential and aromatic oils, 5% pollen and 5% various other substances (Burdock
1998; Fokt et al. 2010). Its color ranges from green, red to dark brown, and this variation is
related to the geographical origin and the vegetation from which it is extracted (Salatino et al.
2011). The red propolis collected in the northeast region of Brazil has resinous exudates from
the Dalbergia ecastophyllum plant, as a botanical source (Righi et al. 2011; Mendonca-Melo
et al. 2017). It contains pterocarpans, isoflavonoids, chalcones and phenylpropanoids (Righi et
al. 2011) as main constituents. It showed cytotoxic activity against various types of cancer
cells, antibacterial, antifungal, anticariogenic, antioxidant, anti-inflammatory and
antiproliferative activity (De Mendonga et al. 2015; Cavendish et al. 2015). In this context,

this study aimed to evaluate whether the addition of aqueous extrat of red propolis to the diet
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of laying quails could improve productive performance, as well as physicochemical and

microbiological quality of eggs.

MATERIALS AND METHODS
Quails, experimental design and diets

This study was approved with the norms of the Committee of Ethics for Animal Use
(CEUA) from Santa Catarina State University (UDESC) under protocol number 2307170920.

The experimente was carried out at the Poultry Sector, the extraction of propolis and
the analyzes were performed at the Laboratory of Molecular Biology, Immunology and
Microbiology (LABMIM) both from the Animal Science Department of the Santa Catarina
State University, in the city of Chapecd, Santa Catarina State, Brazil.

Japanese quails (Coturnix japonica, n=120), 52 day-old, housed in metal cages, fed a
controlled diet, with water ad libitum were randomly distributed in four treatments, with six
replications, with five quails per cage, totaling twenty-four experimental plots. The study
lasted 63 days, divided into 3 cycles of 21 days each. The basal ration was formulated
according to the nutritional values and requirements established in the Brazilian Table of
Poultry and Swine (Rostagno et al. 2017), with 2,750 Kcal of metabolizable energy per kg of
ration and 19.9% of protein (Table I). The treatments were: control treatment (CT): basal diet
without antimicrobials and without red propolis; enramycin treatment (TE): 10 mg/kg of feed;
red propolis (RP1): 1g of red propolis/kg of feed and red propolis (RP2): 2g of red propolis/kg
of feed. The red propolis aqueous extract was mixed with the microingredients and later
added to the vertical mixer. The lighting program used for the quails was 16 hours of light per

day.
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Red propolis aqueous extract

Red propolis was purchased from a commercial company located in the city of
Canavieiras, Bahia State, Brazil. The extraction was performed according to the methodology
adapted from Kubiliene et al. (2015), with the maceration of crude propolis with pistil and
liquid nitrogen, inside a mortar until it becomes powder. In a beaker, 100 mL of distilled
water, 10 grams of propolis and 20 grams of polyethylene glycol (PEG 400 PA) were added
and the mixture was subjected to high pressure at 120°C for 5 minutes in an autoclave. After
extraction, the extract was stored protected from light. The extract was homogenized and

weighed for subsequent mixing with the feed.

Performance parameters

Daily quail mortality was observed and recorded in order to calculate animal viability,
as well as feed intake per quail (g/bird/day). The number of eggs produced was recorded daily
and the average production per quail was estimated, in addition to egg mass (g/bird/day). Feed
conversion was evaluated by kg of feed consumed per kg of eggs produced and also per kg of
dozens of eggs. Eggs were weighed in the last five days of each experimental period and the

average egg weight was determined.

Parameters in fresh eggs

To assess egg quality, a sample consisting of two eggs from each experimental plot
was collected and analyzed. Specific gravity was determined according to Barbosa et al.
(2008). Texture analyzer equipment was used to measure egg shell strength and results were
expressed as kgf. After breaking the eggs the following parameters were evaluated: height of
the dense albumen measured with a tripod micrometer; Haugh unit (HU) according to Haugh

(1937); yolk index, which was calculated by the ratio between the height and diameter of the
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yolk (mm), obtained with the micrometer and the caliper, respectively; yolk color was
determined with the colorimetric fan (DSM) and with the colorimeter (Minolta CR-400),
where the following universal colorimetric coordinates were observed: luminosity (L*), red
intensity (a*) and yellow intensity (B*); the shell weight and percentages of shell, yolk and
albumen; egg shell thickness was obtained with a caliper at three points and obtaining the
arithmetic mean of the three measurements. The pH of the yolk and the albumen were

measured with the digital phmeter (Testo 205).

Parameters in stored eggs

The eggs were weighed on a precision scale and stored under temperature and air
humidity registered conditions. Twice per day, the temperature, maximum, minimum and the
air humidity, maximum, minimum at the room storage were registered, during 21 days. After
this period, the eggs were weighed where the weight loss after storage was calculated. The
levels of lipid peroxidation in the yolk of these eggs were determined according to Giampietro
et al. (2008), with the measurement of thiobarbituric acid reactive substances (TBARS),
which are formed during the decomposition of lipid peroxides. Compound 1,1,3,3
tetramethoxypropane (TMP) was used as TBARS standard. The results were expressed in mg

TMP/kg of yolk.

Microbiological analysis

Microbiological analysis were performed on the surface of eggs produced at the end of
the second and third cycles. Each sample consisted of a group of five eggs per repetition. Egg
surfaces were washed with peptone water according to the methodology adapted from Gentry
& Quarles (1972). Quail feces samples, collected from four points of each experimental plot,

were analyzed. Egg and feces samples were sown on Plate Count Agar (PCA) for total
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mesophilic aerobics and on Petrifilm® 6404 (3M) plates for total coliforms and Escherichia
coli. Incubation was carried out at 37 °C for 48 hours and the number of bacterial colonies

present were expressed in colony-forming units per mL (CFU/mL).

Statistical analysis
Data were submitted to analysis of variance and means compared by Tukey test at 5%
significance level (in cases of significant diferences). These statistical procedures were

performed by the program Statistical Analysis System.

RESULTS AND DISCUSSION
Productive performance

Egg production, feed intake, average egg weight, egg mass, feed conversion (kg/kg
and kg/dz) are shown in Table Il. No significant differences were observed in these variables
compared to the control treatment (P>0.05). The results show that the red propolis aqueous
extract did not influence the productive performance of the quails. Our findings are similar to
those of Zeweil et al. (2016) while studying the effect of propolis extract (250 and 500 mg/kg)
in the diet of Japanese quails, observed that the inclusion of propolis neither influence
performance (body weight, laying rate, egg weight and egg mass) nor egg quality (egg weight,
yolk and albumen percentage, albumen height, shell percentage and thickness, specific gravity
and yolk color). Petrolli et al. (2014) using residue of green propolis extract, at the level of
1%, for broilers, also found no difference (P>0.05) for feed intake and feed conversion in the
period from 1 to 21 days of age.

Propolis can increase the beneficial microbiota and control pathogenic bacteria
(Kacéniova et al. 2012). The change in the dynamics of the intestinal microbiota is generally

attributed to flavonoids, which have antibacterial activity and are present in the ethanol
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extract of propolis (Oldoni et al. 2011; Bueno-Silva et al. 2013; Frozza et al. 2013). Different
results might be obtained between studies due to the variability and complexity of the
composition of propolis, which changes according to the flora of each location, genetics of
queen bees and even the time of year in which it is collection was done (Buriol et al. 2009).
Another hypothesis that the addition of propolis did not show any difference in the analyzed
variables may have been the fact that the breeding environment did not propose a sanitary
challenge that would enable a more expressive response with the use of propolis. Since the
birds did not have direct contact with the feces, as they were raised in cages with feces
collecting trays, they were raised at an ideal density to develop their full potential (Albino &
Barreto, 2003).

Moreover, herbal medicines (propolis), probiotics, symbiotics and organic acids are
classified as performance-enhancing additives (Brasil, 2004) and it is notorious how these
additives cannot express positive results due to the lack of sanitary challenge in poultry
studies, in different experimental variables (Silva et al. 2012; Bueno et al. 2012; Bastos-Leite
et al. 2016). Because, good prophylactic conditions for raising animals and a minimum of
stress (which is usually associated with nutritional, environmental or behavioral factors), do
not present a sufficient increase in bacteria to cause an imbalance in intestinal health,
compromising productive performance (Fukayama et al. 2005).

It is known that red propolis aqueous extract has great potential to be used as a herbal
additive in poultry feed, as red propolis has biologically active compounds (vestitol and
neovestitol and biochanin A, liquiritigenin, formononetin and medicarpine) found only in this
type of propolis. Trusheva et al. (2006) concluded the identification of new propolis
constituents in red Brazilian propolis, most of them having antibacterial, antimycotic and
antiradical activities, is a further confirmation of the fact that propolis, independently of its

plant source and chemical composition, present antimicrobial and antioxidant activity. Its
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result that propolis plays in the hive: it is the ‘chemical weapon’ of bees against pathogen
microorganisms and the elements of weather. However, in different propolis types, different
chemical constituents are responsible for the valuable activities (Bankova et al. 2005).
Furthermore, as can be seen in this experiment, the inclusion of red propolis aqueous extract
in the diet of the quails did not cause any negative effects such as mortality or on other
studied variables and could be evaluated at different concentrations and with diets free of
synthetic antimicrobials. Another study using very high dosage of red propolis in order to
address its safety found that red propolis was unable to cause side effects (Reis et al. 2000).
Berretta et al. (2017) also reported future perspectives for propolis in the health of the
population and in the Brazilian and international market, especially because of its important
biological activities and safety.

Feeding the quails with 1g of red propolis aqueous extract showed the best feed
conversion (kg of feed/kg of eggs), of 2.54 kg, although the difference was not statistically
significant compared to the other treatments. Marieke et al. (2005) stated the improvement in
feed, conversion rate could be due to the ability of propolis to improve nutrient digestibility

and absorption as a result of sucrase, amylase and phosphatase activities.

Quiality of fresh eggs

A significant difference (P<0.05) was observed in the results of the eggs analyzed in
the following parameters: luminosity (L*), red intensity (a*), yellow intensity (b*) and yolk
pH. In the other analyzed parameters: shell strength, specific gravity, Haugh unit, yolk index,
colorimetric fan, yolk percentage, shell percentage, albumen percentage, shell thickness and
albumen pH, no statistical difference were observed (Table I1I).

In summary, the yolk color of the eggs of quails fed with red propolis was darker, with

greater intensity of red and lower intensity of yellow when compared to the control treatment,
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I.e., the eggs of quails fed diet without any additive had yolks of lighter color. Yolk color, as a
sensory attribute, is considered an indicator of quality, and plays an important role in the
acceptance of the egg by consumers, who associate the intense pigmentation of the yolk with
higher nutritional value of the egg (Silva et al. 2000; Tocchini & Mercadante, 2001). Yolk
color intensity is determined by the incorporation of xanthophylls (a group of carotenoid
pigments) present in corn, particularly lutein and zeaxanthin, and depends on the levels of
inclusion in the diet. However, other foods can change yolk color depending on their level of
inclusion (Silva et al. 2000).

Lee et al. (2001) stated that changes in yolk color can be observed when supplemental
sources of carotenoids are added to the diet since carotenoid pigments are fat-soluble and
therefore absorbed in the intestine along with the lipids. Reports also indicate that the
inclusion of antioxidants in diets rich in unsaturated fatty acids, which are susceptible to
oxidation, improves yolk pigmentation. In addition, Faitarone et al. (2016) stated that when
dietary lipids produce peroxides, yolk pigmentation can be negatively affected due to the
oxidation of carotenoids. The discoloration (oxidation) of carotene is induced by the oxidative
degradation products of linoleic acid (Kumazawa et al. 2003).

Berretta et al. (2017) stated that the antioxidant property of propolis is one of the most
studied biological activities worldwide. During analyzes of Brazilian propolis, Wang et al.
(2004) observed a strong inhibition of lipid peroxidation using rat liver homogenate at a
concentration of 2 mg/mL, and this activity was related to the presence of flavonoids.
However, it is known that, in addition to phenolic compounds, flavonoids are involved in the
antioxidant activity of propolis. Thus, a number of phenolic compounds, including flavonoids,
were evaluated against linoleic acid peroxidation in micellar solution. The results showed that
polyphenols in general have greater activity than BHT (butylated hydroxytoluene), a well-

known antioxidant (Bankosta et al. 2001). In a study using cell culture, artepillin C was
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proposed as a strong candidate responsible for the antilipoperoxidative activity of Brazilian
propolis (Shimizu et al. 2004).

The pH of the yolk of fresh eggs is usually around 6.0 and was significantly lower in
the red propolis treatments compared to the control group. According to Sarcinelli et al.
(2007) there is an increase in pH and connections between the molecules that make up the
yolk membrane that surrounds the yolk loses selectivity and the water moves from the
albumen to the yolk, increasing the size of the membrane that has already found fragile and
thus, stretching it. Alkaline ions from the albumen can be exchanged with H+ ions present in
the yolk with an increase in yolk pH. This pH variation could induce protein denaturation and

increase yolk consistency (Shang et al. 2004).

Egg quality after storage

In the storage room the average temperatures registered were 22.1°C with maximun
25.2°C and minimun 18.7°C and the average of the relative humidity of the air registered were
62.5% with maximun 71% and minimun 40%. Under these conditions, the lowest weight loss
of eggs stored after 21 days was obtained in the group submitted to red propolis 1g and no
significant diferences (P>0.05) were observed in these variables compared to the control and
enramycin treatment (Table 1V). The lowest levels of lipid peroxidation were in the egg yolks
of quails subjected to treatment with enramycin and red propolis 1g, although it was not
observed any significant difference (P>0.05) between birds fed with the control treatment and
with the two levels of red propolis.

Cabral et al. (2009) compared the antioxidant potential of different fractions obtained
from a hydroethanolic extract of red propolis, through DPPH radical scavenging methods and
oxidation inhibition of the B-carotene/linoleic acid system. The first method showed that the

hexane fraction showed greater antioxidant activity (74.4%), while in the second method the
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chloroform fraction showed greater activity (64.8%). The study concluded that there is a
greater correlation between the content of phenolic compounds and antioxidant activity by the
oxidation of the B-carotene/linoleic acid system.

According to Righi et al. (2011), active compounds such as isoflavones and chalcones
have greater affinity for the organic phase. In a later study, the following compounds were
isolated from the chloroform fraction: two isoflavonoids (vestitol and neovestitol) and a
chalcone (isoliquiritigenin). Among these compounds, vestitol showed greater antioxidant
activity compared to the others, through the B-carotene/linoleic acid model (Oldoni et al.
2011). Frozza et al. (2013) analyzed a hydroethanolic extract of red propolis and obtained
strong enzymatic activity such as superoxide desmutase (SOD) and catalase (CAT), which are

important in oxidative stress.

Microbiological Analysis

At the end of the third experimental cycle, a difference was observed in colony
forming units (CFU) of total count of mesophilic aerobics on the surface of fresh and stored
eggs compared to the second cycle (Table V). Considering 100% presence of colonies in the
second cycle, there was a representative decrease of colonies on the surface of the eggs of the
group red propolis 1g at the end of the third cycle and in the stored eggs.

A significant decrease was observed in the presence of CFU of mesophilic aerobics in
the fecal samples of quails submitted to four different treatments throughout the experiment
(Table VI). Considering 100% presence of colonies in the first cycle, there was a decrease in
CFU in the analyzed feces. The count of total coliforms in the feces of quails submitted to
different treatments at the end of the first cycle showed the presence of CFU (Table VII). The
highest amount of CFU/mL was observed in the enramycin group and the lowest counts of

CFU in the feces of the quails in the red propolis 1g group, i.e. 83.18% less when compared to
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the enramycin group. There were 70% fewer Escherichia coli colonies in the red propolis 1g
group when compared to the enramycin group.

Bueno-Silva et al. (2016) analyzed Brazilian red propolis, whose primary plant source
was Dalbergia ecastophyllum. They studied the effect of the propolis collection period, its
chemical composition and antibacterial activity. Seasonal variability was observed between
the concentration of vestitol, neovestitol and isoliquiritigenin. The highest content of these
ingredients and the antibacterial activity were recorded during the rainy season (period from
January to May).

In terms of antibacterial activity, the content of substances such as flavonoids and
phenolic compounds is important (Inui et al. 2014; Gérniak et al. 2019). However, depending
on the solvent used, different biological activities are found (Przybylek & Karpiski, 2019).
Kubiliene et al. (2015) compared the composition and biological activities of propolis extracts
prepared with an alternative non-alcoholic solvent mixture such as polyethylene glycol (PEG
400 PA), water and olive oil and concluded that propolis extraction with non-alcoholic
solvents and the effects the high temperatures allow the most effective extraction of active
compounds from propolis and that the non-ethanolic extracts of propolis have anti-radical and
antimicrobial action. More studies should be developed by this research group in order to

compare different extraction methods.

CONCLUSIONS

In summary, it can be concluded that the red propolis aqueous extract used as a feed
additive in the diet of laying quails resulted in eggs with darker yolks, a desired characteristic
for consumers, in addition to yolks with pH 6.0 which could impact shelf life. Moreover, red
propolis 1g group showed antimicrobial action, caused lower weight loss in eggs stored for 21

days and lower lipid peroxidation in the yolk, indicating a potent antioxidant action, without
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affecting quail productive performance. In general, it is concluded that supplementing quails
diet with red propolis 1g group can be an useful alternative to antibiotics in order to maintain
the productive performance of quails, and improve physicochemical and microbiological

quality of the eggs.
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Table I. Ingredient and nutrient composition of basal diet.

Ingredients (%) Quantity
Corn 58.7
Soybean meal 31.7
Soybean oil 0.18
Dicalcium phosphate 1.22
Calcium Carbonate 6.84
Sodium chloride (NaCl) 0.34
DL-Methionine (99%) 0.38
Lysine 0.24
Vitamin-mineral premix* 0.20
Nutrient composition (%) Quantity
Crude Protein 19.9
Metabolizable energy (kcal/kg) 2.75
Calcium 3.00
Available Phosphorus 0.32
Digestible Lysine 1.11
Digestible Methionine 0.66
Methionine + digestible cysteine 0.98

*Product composition (kg): vitamin (vit.) A 5,000,000 1U; vit. D3 1,000,000 1U; vit. E
15,000 1U; vit. K3 1500 mg; vit. B1 1500 mg; vit. B2 3000 mg; vit. B6 2000 mg; vit. B12
7000 pg; folic acid 500 mg; nicotinic acid 15 g; pantothenic acid 7000 pg; choline 80 g;
biotin 100 mg; Cu 10 g; Fe 50 g; 1 1000 mg; Mn 80 g; Selenium 300 mg; Zn 70g.
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Table I1. Effects of red propolis feed supplementation on the productive performance of

quails.

Parameters CT TE RP1 RP2 P-Value
Egg production 95.83 94.72 94.30 92.73 0.63
Feed consumption 27.29 26.54 26.50 26.09 0.32
Average egg weight 11.09 10.88 11.08 10.93 0.43
Eggs mass 10.65 1034 1047  10.16 0.45
Feed convertion (Kg/Kg) 2.56 2.58 2.54 2.58 0.78
Feed convertion (Kg/dz) 0.34 0.33 0.33 0.33 0.83
Viability 100 100 100 100 -

CT: control treatment; TE: enramycin treatment; RP1: treatment with red propolis
(1g/kg of feed); RP2: treatment with red propolis (2g/kg of feed). Feed conversion
(kg/kg): kg of feed consumed per kg of produced egg; Feed conversion (kg/dz): kg of
feed per dozen eggs produced. P-Value: P<0.05 indicating significance level by Tukey

test at 95% confidence.
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45

Parameter CT TE RP1 RP2 P-Value
Eggshell strength 1,424.17 1,444.22 1,424.70 1,464.90 0.99
Specific gravity 1.064 1.067 1.067 1.067 0.64
Haugh unit 87.82 85.99 85.56 86.29 0.16
Yolk index 0.4708 0.4558 0.4775 0.4642 0.13
Colorimetric fan 5.75 5.96 5.92 5.69 0.86
Luminosity (L*) 65.629a 60.881b 59.428b 57.11b <0.0001
Intensity of red (a*) -9.96a -9.33ab -8.072b -7.92b 0.0095
Intensity of yellow (b*) 53.76a 49.07b 46.93b 46.43b <0.0001
Yolk % 31.49 31.86 32.12 32.63 0.69
Shell % 8.59 8.71 8.60 8.50 0.95
Albumen % 59.93 59.42 59.27 58.86 0.69
Shell thickness 0.17 0.18 0.18 0.19 0.10
Yolk pH 6.21a 6.05ab 5.88b 5.90b 0.0125
Albumen pH 8.58 8.59 8.59 8.60 0.90

CT: control treatment; TE: enramycin treatment; RP1: treatment with red propolis

(1g/kg of feed); RP2: treatment with red propolis (2g/kg of feed). P-Value: P< 0.05

indicating significance level by Tukey test at 95% confidence. Means followed by

different letters on the same line indicate a difference by Tukey's test at 5% significance

(P<0.05).
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Table 1V. Effects of red propolis supplementation for quails on egg weight and lipid

peroxidation levels after 21 days of storage.

Parameter CT TE RP1 RP2 P-Value
AWL (g) 3.93ab 4.01ab 3.74b 4.14a 0.012
TBARS 0.32a 0.07b 0.12ab 0.29 0.007

CT: control treatment; TE: enramycin treatment; RP1: treatment with red propolis
(1g/kg of feed); RP2: treatment with red propolis (2g/kg of feed). AWL = average weight
loss, P-Value: P<0.05 indicating significance level by Tukey test at 95% confidence.
Means followed by different letters on the same line indicate a difference by Tukey's test

at 5% significance (P<0.05).

Table V. Effects of red propolis on total count of mesophilic aerobics on the surface of

quail eggs.

Treatment Second cycle Third cycle Stored
CFU/mL (%) CFU/mL (%) CFU/mL (%)

TC 29 100 12 41.38 29 100.00

TE 12 100 10 83.33 4 33.33

RP1 42 100 4 9.50 4 9.52

RP2 3 100 2 66.66 8 266.67

TC: control treatment; TE: enramycin treatment; RP1: treatment with propolis (1g/kg
of feed); RP2: treatment with propolis (2g/kg of feed). (%0): percentage of colony
presence considering 100% presence in the second cycle. CFU/mL.: colony forming units

per mL of sample.
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Table VI. Effects of red propolis on the total mesophilic aerobic counts in quail feces.

Treatment First cycle Second cycle Third cycle

CFU/ML (%) CFUmL (%) CFUmL (%)

CT 136 100 2 1.47 9 6.61
TE 92 100 0 0 8 8.69
RP1 48 100 0 0 20 41.66
RP2 338 100 2 0.59 4 1.18

CT: control treatment; TE: enramycin treatment; RP1: treatment with propolis 1g/kg of
feed; RP2: treatment with propolis 2g/kg of feed. (%0): percentage of colony presence
considering 100% presence in the first cycle. CFU/mL: colony forming units per mL of

sample.

Table VII. Counts of total and fecal coliforms in quail feces after the first cycle.

Treatment TC (CFU/mL) EC (CFU/mL)
CT 105 70

TE 327 110

RP1 55 33

RP2 196 102

CT: control treatment; TE: enramycin treatment; RP1: treatment with propolis 1g/kg of
feed; RP2: treatment with propolis 2g/kg of feed. TC: total coliforms; EC: Escherichia

coli; CFU/mL.: colony forming units per mL.
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5 CONSIDERACOES FINAIS

Em sintese, pode-se concluir que a prépolis vermelha utilizada como aditivo
nutricional na racdo de codornas poedeiras resultou em ovos com gemas mais escuras, com
maior intensidade de vermelho e menor intensidade de amarelo, bem como o pH menor que
6,0. Alem disso, a PV apresentou agdo antimicrobiana e menor perda de peso dos ovos
armazenados por 21 dias (PV1) e a menor peroxidacao lipidica na gema destes ovos. Néo foi
observada diferenca estatistica significativa no desempenho produtivo das codornas
submetidas aos quatro diferentes tratamentos. Uma analise global levou a conclusdo de que a
suplementacédo da dieta com 1g de propolis vermelha por kg de ragdo pode ser uma alternativa
atil para manter o desempenho produtivo das codornas, a qualidade fisico-quimica e

microbioldgica dos ovos produzidos, com chances de maior vida Gtil deste produto.
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