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RESUMO

A incubacdo ¢ fundamental para a manutencdo e expansdo da coturnicultura. Esta
pesquisa objetivou estudar fatores que influenciam sobre desempenho da incubagdo de
ovos de codornas: temperatura, umidade e vacinagdo in ovo. Foram realizados trés
experimentos. O primeiro verificou os efeitos da temperatura de incubagdao sobre a
eclodibilidade, peso ao nascer, tempo de nascimento e mortalidade embrionaria. 800
ovos foram divididos em oito grupos e incubados em diferentes temperaturas (34, 35,
36, 37, 38, 39, 40 e 41°C). As demais condigdes foram idénticas para todos os grupos,
60% de umidade relativa e viragem a cada 2 horas. No segundo verificou-se os efeitos
da umidade durante a incubag¢ao de ovos de codornas japonesas sobre a eclodibilidade,
perda de peso do ovo, peso ao nascer ¢ mortalidade embrionaria. 300 ovos foram
divididos em trés tratamentos: umidade baixa (36,05%), intermediaria (52,25%) e
elevada (76,50%). As demais condi¢Oes foram idénticas para todos os grupos, 37,5°C
de temperatura e viragem a cada 30 minutos. O terceiro experimento avaliou os efeitos
dos procedimentos de vacinagdo in 0vO na incubagdo dos ovos. Utilizou-se um
delineamento fatorial 4x4 com 17 tratamentos (4 dias de injecdo x 4 protocolos de
injecdo, mais um grupo controle). As inje¢des foram realizadas nos dias 0, 5, 10 ou 15
de incubacdo. Em cada dia, os ovos foram injetados com 4 protocolos diferentes:
injecdo de soro fisiologico com ou sem vedacdo da casca e injecdo da vacina viva da
doenga de Newcastle (DN) com soro ou diluente industrial. Os ovos foram incubados a
37,5°C e 60% UR. Todos os ovos e codornas nascidas foram pesados. Os ovos ndo
eclodidos foram submetidos ao embriodiagnostico. As codornas nascidas foram
submetidas a coleta de sangue para mensuragao de anticorpos contra o virus da DN. Os
resultados mostraram que a eclodibilidade foi maior para os ovos incubados a 37 e
38°C; com 76,67 e 80,76%, respectivamente. Os ovos incubados a 34°C nao eclodiram,
a 35 e 41°C apresentaram eclodibilidade muito baixa. As outras temperaturas
proporcionaram eclodibilidade entre 50,33 e 57,73%. Os pesos ao nascer foram
elevados nos grupos incubados a 38-41°C em relagdo a 35-37°C. Observou-se uma
relagdo inversamente proporcional de temperatura e tempo de incubagao até¢ 39°C. Os
embrides foram resistentes a altas temperaturas até 40°C na fase inicial da incubacdo, ja
nos estagios finais com altas temperaturas (39-41°C) houve elevados indices de
mortalidade. Os ovos incubados em baixa umidade apresentaram alta eclodibilidade
(79%) quando comparados aos incubados em umidade intermediaria e elevada. A perda
de peso dos ovos foi, respectivamente, 11,96%; 8,94%; e 4,89% para baixa,
intermediaria e elevada umidade de incubagdo. O peso ao nascer foi influenciado pelas
diferentes umidades de incubagdo. A inoculagdo em si (soro com/sem vedacao) nao foi
prejudicial para os ovos com 10 e 15 dias de incubagdo. Verificou-se que a vacinagao in
ovo com o virus vivo da DN (cepa HB1) ndo ¢ recomendada para ovos férteis de
codorna em nenhuma idade do embrido, devido aos elevados indices de mortalidade
embriondria e pouca resposta de anticorpos apds o nascimento.

Palavras-chave: temperatura, umidade, vacinagao in ovo, codorna japonesa, ovos



ABSTRACT

Incubation is fundamental to expansion and maintenance of quail production. This
research aimed to study factors that influence on performance of Japanese quail
incubation: temperature, humidity and in ovo vaccination. Three experiments were
carried out. The first verified the effects of temperatures on hatchability, hatch weight,
hatch time and embryo mortality. 800 eggs were divided into eight experimental groups
incubated at different temperatures (34, 35, 36, 37, 38, 39, 40 and 41°C). The other
incubation conditions were identical for all groups, 60+£5% of relative humidity and egg
turning every two hours until transference. The second experiment aimed to verify the
effect of relative humidity during incubation of Japanese quail eggs on hatchability, egg
weight loss, hatch weight, and embryo mortality. 300 eggs were divided into three
experimental groups: low humidity (36.05%), intermediate (52.25%) and high
(76.50%). The other incubation conditions were identical for all groups, 37.5°C of
temperature and egg turning every 30 minutes until transference. The third experiment
aimed to evaluate the effects of in 0vo vaccination procedures on incubation of Japanese
quail eggs. The experiment was carried out in a factorial design (4x4) with 17
experimental treatments (4 injection days x 4 injection protocols, plus 1 control group).
The injections were tested at four incubation days: at 0, 5, 10 or 15. At each day, the
eggs were submitted to four distinct injection procedures: saline injection with or
without egg sealing and Newecastle disease (ND) vaccine plus saline or industrial
diluent, both without sealing. The eggs were incubated at 37.5° C and 60% RH. All eggs
and hatched quails were weighted. Unhatched eggs were opened to classify embryo
mortality. Hatched quail were bled to evaluate antibody response. The results showed
that hatchability was higher for eggs incubated at 37 and 38°C, 76.67 and 80.76%,
respectively. Eggs incubated at 34°C did not hatch and at 35 and 41°C showed very poor
hatchability. The other temperatures had hatch rates from 50.33 to 57.73%. There were
higher hatch weights in eggs incubated at 38-41°C compared to those at 35-37°C. The
higher temperature became the smaller hatch time was. This relation was observed until
39°C. Embryos seemed to be resistant to embryo death in high temperatures until 40°C
at the early period of incubation, however the same was not observed at the later stages
when high temperatures (39-41°C) promoted elevated levels of embryo mortality. It was
verified that Japanese quail eggs incubated at the lower humidity presented the highest
level of hatchability (79%) compared to intermediate and high humidities. Egg weight
loss was respectively 11.96%, 8.94%, and 4.89% for low, intermediate and high
humidity groups. Furthermore, the weight at hatch was influenced by the different
humidities. The injection process itself (saline with/without sealing) was not harmful for
eggs at 10 and 15 days of incubation for Japanese quail eggs, however in ovo
vaccination with live ND vaccine (HB1 strain) is not recommended to fertile quail eggs
at any incubation periods due to high levels of embryo mortality and poor post-hatch
antibody titers.

Key words: temperature, humidity, in ovo vaccination, Japanese quail, eggs
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1. INTRODUCAO

A coturnicultura ¢ uma atividade avicola que esta consolidada no Brasil, como
também no Estado do Ceara. A produgdo de codornas que anteriormente era voltada
principalmente para a producdo de ovos, passou a explorar também a producdo de aves
para o abate. Ao longo dos ultimos anos, a producao vem crescendo continuamente € o
setor tornando-se cada vez mais tecnificado e dindmico.

Para a manutencdo, como também expansdo desta atividade ¢ necessaria a
realizacdo de estudos cientificos para uma melhor compreensdo da biologia das
codornas japonesas e assim possibilitar um aperfeicoamento das técnicas empregadas
seja no campo da genética, nutricao, manejo ou reproducao.

A incubacio artificial ¢ uma das principais etapas de todo o manejo produtivo da
criacdo industrial de codornas. Entretanto esta foi desenvolvida baseada,
principalmente, nos estudos realizados para outra espécie avicola, a galinha. Essas
espécies, apesar de pertencerem a mesma ordem zooldgica (Galliformes) e possuirem
elevada aptiddo produtiva, apresentam importantes diferencas morfologicas e
fisiologicas. As codornas iniciam a postura mais precocemente que as galinhas,
possuem peso corporal que chega a ser dez vezes menor que as galinhas, peso de ovos
cinco vezes menor, tempo de incubacao de quatro dias a menos e diferente pigmentagao
dos ovos, além de diversas outras caracteristicas diferenciais.

As diferengas morfologicas e fisiologicas encontradas entre as duas espécies
podem influenciar nas técnicas de incubagdo empregadas para as mesmas, sendo
necessaria a realizacdo de pesquisas para o desenvolvimento de técnicas especificas
para as necessidades biologicas das codornas japonesas.

Fatores como a temperatura, que ¢ considerada como o principal fator da
incubacao pode ser estudado para a determinagdo dos melhores niveis para a incubagdo
de ovos de codorna, levando em conta que o calor metabdlico produzido por codornas
por conta do tamanho do ovo ¢ diferenciado do de galinhas e de outras espécies com
tamanhos de ovos maiores. Da mesma forma, a umidade relativa estd entre os principais
fatores da incubagdo artificial, sendo fundamental para a manutencdo da regulagdo
hidrica dos embrides em desenvolvimento.

A vacinagdo in 0vo é uma técnica que vem sendo utilizada na incubagdo de ovos
de galinhas e perus para a imunizagdo contra doencas e tem apresentado bastante

sucesso. Em codornas esta técnica nao € realizada e ainda ndo se sabe o efeito da mesma

12



na incubagdo desta espécie. Entretanto com o aumento da producao e tecnificacdo da
coturnicultura no Brasil, torna-se interessante o estudo desta técnica para ovos de

codornas.
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2. REVISAO DE LITERATURA

2.1 Codornas

2.1.1 Coturnicultura

A producdo e o consumo de ovos de codorna tém evoluido nos tltimos anos
(FRIDRICH e col., 2005), isso porque ¢ uma excelente alternativa para a alimentagdo
humana, podendo ser utilizada tanto para a produgdo de ovos como para a de carne
(OLIVEIRA e col., 2002). Dessa forma, a coturnicultura inicia uma nova fase no Brasil,
superando o periodo de amadorismo e solidificando-se como uma exploragao industrial.
A sua expansdo merece destaque devido a geragdo de empregos, ao uso de pequenas
areas, ao baixo investimento, ao rapido retorno do capital e como fonte de proteina
animal para a populacgio (LEANDRO e col, 2005). A coturnicultura, mais
especificamente a criagdo de codornas japonesas (Coturnix japonica), vem despertando
a atengdo e o interesse de pesquisadores da area avicola no sentido de desenvolver
trabalhos que venham contribuir para maior aprimoramento e fixacao desta exploracao
como fonte rentdvel na producao avicola (FURLAN e col., 1998).

A criagdo da codorna japonesa, destinada a produgdo de ovos e carne, tem tido
importancia relativa em varios paises. A popularidade da criacdo de codornas no Brasil
vem do pequeno porte, baixo custo, reduzido periodo para as aves atingirem a
maturidade sexual e boa aceitacdo da carne e ovos pelos consumidores brasileiros.
Devido a todos esses fatores, associado a boa produtividade e facil manejo,
SHANAWAY (1994) cita que a codorna ¢ uma solugdo pratica para o problema da
escassez de proteina animal em paises em desenvolvimento e uma boa alternativa para
substituir a galinha em paises desenvolvidos. Outro fator positivo relacionado a
coturnicultura ¢ a sua maior eficiéncia na conversao de racdo em ovos comparados com
as galinhas poedeiras comerciais (THIYAGASUNDARAM, 1989). No Brasil e no
Japao, predomina a producao de ovos, ja na Franca, Italia, Espanha e Grécia, a produgao
de carne (MURAKAMI e FURLAN, 2002). Segundo CHENG (2002), durante as
ultimas quatro décadas, outros paises como a China, Cor¢ia, [ndia, Hungria, Polonia,
Estonia, Russia, Republica Checa, Eslovdquia, Arabia Saudita e Estados Unidos

(Sudeste) desenvolveram a criagdo comercial de codornas.
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A criacao de codornas no Brasil vem merecendo destaque nesses ultimos anos e
vem apresentando uma evolucdo constante dentro do setor avicola, com a melhoria da
qualidade dos produtos e a reducdo dos custos por parte das empresas (FUIIKURA,
2004). A produgao de ovos de codorna alcangou 92,5 milhdes de duzias no ano de 2002,
perfazendo 5.572.068 aves e gerando uma receita de 48 milhdes de reais (IBGE, 2002).

No Brasil, verifica-se um maior plantel de codornas na regido Sudeste com
58,9%, em seguida a regido Sul com 16,33%, regido Nordeste com 15,96%, regido
Centro-Oeste com 5,96% e regido Norte com 2,85% (IBGE, 2002). O Estado de Sao
Paulo ¢ o maior produtor de codornas, possuindo uma populagdo aproximada de 2,5
milhdes de aves entre pequenos, médios e grandes criadores.

O Estado do Ceara ocupa a sétima colocac¢do na producdo nacional, junto com a
Bahia, possuindo uma populacdo de 250 mil aves entre pequenos e médios criadores
(FUJIKURA, 2002). A Coturnicultura cearense estd em franco desenvolvimento, no
entanto, ainda carece de material técnico e pessoal especializado para tornar esse ramo
ainda mais competitivo.

Tabela 1. Produ¢ao mundial de codornas japonesas.

Tipo de producéo Pais NUmero de aves ( x 10°)
Carne Brasil 6
China 25
Franca 50
India 5
Japdo 3
Espanha 55
Estados Unidos 25
Ovos Brasil 1700
China 7000
Estonia 7
Franca 60
Hong-Kong 144
Japao 1800
Singapura 9

2.1.2 Codorna Japonesa

A codorna comum (Coturnix coturnix) ¢ amplamente distribuida na Europa,
Africa e Asia, mas todas as codornas domesticadas derivam das codornas japonesas,
inicialmente classificadas como uma subespécie, mas agora considerada como uma
espécie propriamente (Coturnix japonica). Estas aves foram inicialmente domesticadas
por volta de 1000 anos antes de Cristo e criadas pelo seu canto, mas a selecdo

sistematica para melhoria da produgdo de ovos e carne foi iniciada no Japao hé apenas
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100 anos. Uma grande introducdo destas aves foi realizada na América do Norte e
Europa durante a década de 1950. O peso das aves selvagens era em torno de 100g,
sendo que as fémeas eram ligeiramente maiores que os machos. A forma domesticada
das codornas japonesas ¢ bastante semelhante na plumagem, como também na aparéncia
geral, mas devido a selegdo para aumento do tamanho, atualmente estas aves podem
pesar até 250g. O nimero de ovos produzidos também aumentou substancialmente e,
como na galinha doméstica, as codornas japonesas estio comegando a divergir em
linhagens especializadas para a produgdo de ovos ou para a produgdo de carne
(APPLEBY e col., 2004).

No Brasil hd a ocorréncia destas duas linhagens, e a selecionada para producao
de carne ¢ chamada de codorna Européia ou codorna Italiana (MORI e col., 2005). Estas
linhagens sdo muito similares na plumagem e na aparéncia geral, contudo elas
apresentam diferentes pesos corporais e diferentes tamanhos dos ovos. O peso corporal
da linhagem para postura ¢, em média, 105g para os machos e 130g para as fémeas com
8 semanas de idade (AGGREY e col., 2003), e 10,8g ¢ o peso médio de seus ovos
(PINTO e col., 2002). O peso corporal das codornas de corte ¢, em média, 182g para
machos, 221g para fémeas as 7 semanas de idade (OLIVEIRA e col., 2002), e 13,12g ¢
a média de peso de seus ovos (MORI e col., 2005).

2.1.3 Pesquisas com codornas japonesas

As codornas japonesas ndo podem ser consideradas entre os principais animais
de produgdo em nivel mundial (MINVIELLE, 2004). Entretanto as codornas possuem
uma presenca significativa para a pesquisa cientifica avicola. Isto se justifica pelas
importantes caracteristicas que essa espécie possui para a pesquisa, desta forma os
trabalhos relacionados a elas se expandiram de temas basicamente relacionados a
avicultura para outras areas da biologia e medicina. Pelo fato dessas aves poderem ser
mantidas em quantidade relativamente grande em pequenas instalacdes, elas vém sendo
utilizadas desde pesquisas em embriologia até pesquisas espaciais (ORBAN e col.,

1999).

2.2 Componentes do ovo na incubagéo
2.2.1 Cuticula
Durante o desenvolvimento do ovo das aves, uma fina camada ou filme

transparente chamando de cuticula ¢ depositado sobre a superficie do ovo. A cuticula

16



consiste de aproximadamente 90% de proteinas, pouco carboidrato e pequena
quantidade de lipideos (SIMONS, 1971).

A cuticula seca imediatamente apos a oviposi¢do, tornando-se uma barreira
contra invasdes bacterianas e perda de dgua do ovo (SIMONS, 1971). Entretanto antes
da oviposi¢ao a cuticula apresenta permeabilidade. Desta forma ela sé se transforma de
uma barreira permedvel para uma barreira semipermeavel pelo processo de secagem
logo apds a oviposicdo. Estudos relatam que a cuticula contribui para a conservagdo de
agua no ovo de forma diferente em diferentes umidades (BOARD e HALLS, 1973).
Logo, acredita-se que esta estrutura muda suas propriedades por influéncia da umidade
relativa externa. As caracteristicas funcionais da cuticula durante o inicio do periodo de
incubacdo também se modificam com a idade da ave passando de uma significativa
barreira para a perda de dgua para uma facilitadora da mesma (PEEBLES e BRAKE,
1986).

2.2.2 Casca

A maior parte da casca do ovo consiste de cristais de carbonato de célcio. Cerca
de 2 a 3% desta camada calcificada é composta de uma matriz organica composta
principalmente de proteinas (TAYLOR, 1970). Os poros do da casca do ovo atravessam
essa camada para permitir a difusdo dos gases (BURLEY e VADEHRA, 1989).

Aves jovens produzem ovos com a casca mais espessa € poros mais longos que
as aves mais velhas (BRITTON, 1977; PEEBLES ¢ BRAKE, 1987). A melhor
eclodibilidade de ovos ¢ encontrada quando as aves estdo no meio do ciclo de postura
quando a espessura da casca ¢ a menor e a porosidade ¢ a maior (PEEBLES ¢ BRAKE,
1987). A casca do ovo geralmente se torna mais fina com o avangar da idade
(ROLAND, 1976), mas pode tornar-se mais espessa em lotes de aves muito velhas caso
a produtividade de ovos se reduza em relacdo ao consumo de calcio (PEEBLES e
BRAKE, 1987). A porosidade da casca tende a ser a menor no inicio e no fim do ciclo
de postura (PEEBLES e BRAKE, 1987) quando geralmente a eclodibilidade se encontra

baixa.

2.2.3 Membranas da Casca
Dentro da casca do ovo se encontram duas membranas, a interna ¢ a externa.
Estas possuem espessuras diferentes e estdo em intimo contato exceto na regido da parte

larga do ovo, onde as duas se separam para formar a cadmara de ar. As membranas da
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casca consistem de uma mistura de proteinas e glicoproteinas (BURLEY ¢ VADEHRA,
1989).

As membranas da casca funcionam retendo o fluido do albimem e promovendo
resisténcia a invasdo bacteriana (BURLEY ¢ VADEHRA, 1989).

Em relacdo a penetragdo bacteriana, as membranas agem como um filtro, sendo
a membrana interna da casca mais impermeavel as bactérias do que a propria casca. No
entanto, a resisténcia das membranas pode ser rapidamente quebrada quando um pesado
inéculo bacteriano ¢ usado e, especialmente, quando os ovos sdo mantidos a 37° C.
Microorganismos podem ser recuperados da superficie interna da membrana interna da
casca minutos ap6s o desafio (WILLIAMS e col., 1968). O crescimento bacteriano nas
préprias membranas da casca sera restrito se o ferro (Fé") estiver indisponivel ou

deficiente.

2.2.4 Albumen

O albumen posiciona a gema e o blastoderma no centro do ovo impedindo o seu
contato com a casca logo apos a postura do ovo. A qualidade do albtimen diminui com a
estocagem (HURNIK e col., 1978) e com a idade da ave (BURLEY ¢ VADEHRA,
1989). A quantidade de proteina também sofre reducdo com a idade da ave
(CUNNINGHAM e col.,1960).

Na oviposi¢do, as proteinas do albumen possuem vérias defesas ndo especificas
antimicrobianas e possivelmente antivirais (BURLEY ¢ VADEHRA, 1989) contra
microorganismos que podem invadir o ovo imediatamente apos a oviposigao, antes da
secagem da cuticula e antes que as modificacdes estruturais das membranas da casca
tenham ocorrido completamente. O pH do albumen na oviposigdo ¢ de
aproximadamente 7,6, sendo ligeiramente mais basico que o fluido uterino (ARAD e
col., 1989) e pode se elevar para 9 com a perda do dioxido de carbono dissolvido
(STERN, 1991). A capacidade tamponante do albumen ¢ mais fraca entre o pH de 7,5 ¢
8,5 (COTERILL e col., 1959), o que contribui para o rapido aumento na perda de
didéxido de carbono. Este aumento no pH provavelmente limita as propriedades
antimicrobianas das proteinas do albumen (VOET e VOET, 1990), entretanto estas sao
compensadas pelo aparecimento de um pH pouco favordvel para o crescimento
bacteriano, pois estas apresentam uma melhor faixa de crescimento entre o pH de 6,5 e
7,5 (CASE e col., 1989). Além disso, a mudanga no pH pode reduzir os efeitos

prejudiciais das proteinas bactericidas sobre o blastoderma.
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A liquefagdo do albumen provavelmente serve para liberar macromoléculas,
glicose e ions essenciais e facilita a movimentagao destes para o blastoderma (SPRATT,
1948; BURLEY e VADEHRA, 1989). Além disso, a liquefagdo pode agir reduzindo a
barreira para a difusdo dos gases promovida pelo albimen (MEUER ¢ BAUMANN,
1988).

2.2.5 Gema

A gema ¢ formada pelo ovario e é composta de aproximadamente 50% de agua e
30% de lipideos, com o restante sendo formado principalmente por proteinas. Estes
constituem a maior parte dos nutrientes necessarios para o desenvolvimento do embrido,
com excec¢do das partes oriundas do albiumen e da casca. O blastoderma ¢ posicionado
sobre a gema dentro do nlcleo de Pander e abaixo da camada perivitelinica
(ROMANOFF, 1960).

A camada perivitelinica que recobre a gema ¢ composta de 80 a 90% de
proteinas e estd dividida em trés partes: camada externa, camada continua e camada
interna (BURLEY e VADEHRA, 1989). A camada perivitelinica contém proteinas com
atividade antibacteriana e também representa uma barreira fisica contra a invasdo de
microorganismos (BURLEY e VADEHRA, 1989). O peso e o volume da gema
aumentam com a idade da ave (CUNNINGHAM e col., 1960).

A medida que os ovos envelhecem apos a postura, a camada perivitelinica torna-
se mais fraca e mais elastica e alguns de seus componentes sdo modificados ou
removidos (FASENKO e col., 1995). As modificacdes de peso, em proteinas da
membrana perivitelinica estdo associadas ao aumento do pH do albumen. Estes efeitos
podem ser inibidos com a aplicagdo de Oleo sobre a casca do ovo e podem ser
aumentados com o aumento da taxa da elevag¢dao do pH do albimen (FROMM, 1967). O
pH da gema ¢ de aproximadamente 6,0 e nao contém didxido de carbono dissolvido,
mas a adicdo de dioxido de carbono no ambiente de estocagem promove uma redugdo
na movimentagdo de dgua do alblimen para a gema (ROMANOFF e ROMANOFF,
1949). De forma semelhante, a redugdo na temperatura de estocagem retarda a
movimentagdo de agua do albumen para a gema (MUELLER, 1959). Tanto a
temperatura como o pH afetam a qualidade do albumen. A reducdo na resisténcia da
camada perivitelinica observada durante a estocagem tem sido associada a dissolugdo da
camada da chalaza do albumen que ocorre em estocagens de longos periodos, ao

contrario de estocagens de ovos de pouca duragao.
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2.3 Aspectos fisicos e bioldgicos pré-incubacéo

2.3.1 Temperatura e umidade relativa durante a estocagem

A melhor eclodibilidade apo6s longos periodos de estocagem (>14 dias) ¢ obtida
quando a temperatura de estocagem se encontra em torno de 12°C (OLSEN e HAYNES,
1948; FUNK e FORWARD,1960), mas 15°C ¢ melhor para ovos estocados por oito dias
enquanto 18°C ¢ recomendado para aqueles estocados por dois dias (KIRK e col.,
1980). Todas estas temperaturas estdo abaixo do “zero fisioldgico”, temperatura em que
ocorre um retardo do desenvolvimento do embrido. A temperatura na estocagem esta
diretamente relacionada com mudancas qualitativas no albimen (WALSH, 1993). A
razdo para que a temperatura de 12°C seja a mais recomendada para longos periodos de
estocagem ¢ pelo fato de que esta ¢ a menor temperatura possivel que mantém uma boa
umidade, ndo havendo assim uma grande desidratacio do ovo. O impacto desta
desidratacdo pode ser observado pela simples estocagem de ovos em um refrigerador
doméstico por duas semanas a uma temperatura de 4°C. Entretanto a umidade relativa
durante o periodo de estocagem nao chega a ser critica (FUNK e FORWARD, 1960). A
baixa umidade durante a estocagem parece afetar somente ovos provenientes de aves
com idade bastante avangada que apresentam ovos com qualidade de albimen ruim
(WALSH, 1993) Esta ¢ provavelmente a explicagdo para o fato de que KAUFMAN
(1939) concluiu em experimentos de longos periodos de estocagem que a umidade baixa
nao foi a responsavel pelas elevadas taxas de mortalidade.

MEIJERHOF e col. (1994) verificaram que o aumento da temperatura na regiao
do ninho das aves e na area de estocagem de ovos reduziu a eclodibilidade de ovos de
matrizes de frango de corte com 59 semanas de idade, diferente de observagdes em aves
com 37 semanas com ovos estocados durantes periodos curtos. Este achado ¢
provavelmente devido as diferencas na qualidade do albimen, pois as aves mais velhas
possuiam uma qualidade inferior no inicio da estocagem em compara¢do com as aves

mais jovens (WALSH, 1993).

2.3.2 ldade das aves, peso do ovo e genética

Alguns autores relatam a influéncia da idade da fémea nas caracteristicas da
progénie, em frangos (WILSON, 1991), codornas japonesas (YANNAKOPOULOS e
TSERVENI-GOUSI, 1987), perus (CHRISTENSEN e col, 1996) e patos
(APPLEGATE e col., 1998). Os pesquisadores afirmam que a fertilidade (WOODARD
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e ALPLANALP, 1967, INSCO e col., 1971; NARAHARI e col., 1988) e a
eclodibilidade dos ovos incubados reduzem a medida que as aves vao ficando mais
velhas (NARAHARI ¢ col., 1988; ELIBOL e col., 2002). O aumento nos indices de
mortalidade embrionaria (NOBLE e col.,, 1986) e o declinio da sobrevivéncia de
pintinhos (MCNAUGHTON e col., 1978) sdao comuns em ovos de galinha provenientes
de aves muito jovens. Situagdo similar ¢ observada em ovos de aves velhas, quando
comparados as aves mais jovens (NOVO e col., 1997). Em algumas pesquisas, foi
relatado que o peso dos pintinhos de codornas japonesas de um dia de idade foram
superiores quanto mais velhos eram os pais (TSERVENI-GOUSI, 1986;
YANNAKAPOULUS e TSERVESI- GOUSI, 1987; REIS e col., 1997).

RICKLEFS e STARCK (1998) sugeriram que o crescimento do embrido ¢
similar nas aves precociais e altriciais, além disso, o crescimento nas espécies ¢
influenciado principalmente por dois fatores: peso do ovo e periodo de incubagao.

WILSON (1991) demonstrou que o tempo de incubagdo esta positivamente
correlacionado com o peso do ovo. Ha uma relagdo positiva entre o tempo de incubagdo
e o peso do ovo (BURTON e TULLETT, 1985), com algumas varia¢des devido a idade
da reprodutora (CRITTENDEN e BOHREN, 1961; SMITH e BOHREN, 1975), raca e
linhagem dentro de uma raga (SMITH e BOHREN, 1975; WILSON, 1991).

O tempo de nascimento pode reduzir em até 10 horas com o avango da idade da
ave (SMITH e BOHREN, 1975; SHANAWANY, 1984). Foi hipotetizado que estes
efeitos ocorrem devido a uma reducdo na mortalidade embrionaria inicial
(CRITTENDEN e BOHREN, 1962). Esta ¢ causada por um aumento na taxa do
metabolismo embrionario nos dois primeiros dias de incubagdo (CRITTENDEN e
BOHREN, 1962; MATHER ¢ LAUGHLIN, 1979) antes de um bom nivel de trocas
gasosas de oxigénio pela circulagdo embrionaria ser estabelecida (CIROTTO e
ARANGI, 1989) e da barreira imposta pelo espesso albumen (MEUER ¢ BAUMANN,
1988) das aves jovens ter diminuido. VICK e col. (1993) demonstraram claramente que
usando uma menor umidade durante a incubagdo de ovos de lotes de galinhas jovens
pode-se superar a barreira combinada da espessa casca do ovo e do espesso albumen,
reduzindo assim a mortalidade embriondria inicial e aumentando a eclodibilidade.

O peso dos pintinhos ao nascer pode ser influenciado por varios fatores,
incluindo a espécie, linhagem, nivel de nutrientes do ovo, condi¢cdes ambientais,

tamanho do ovo (WILSON 1991), perda de peso durante a incubagdo, peso da casca e
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outros residuos ao nascer (TULLET e BURTON, 1982), qualidade da casca e condigdes
de incubaciao (PEEBLES e BRAKE, 1987).

A selecdo animal visando a criagdo de linhagens especializadas de producao
pode modificar os parametros de incubacdo e as caracteristicas dos pintinhos, como
eclodibilidade, tempo de nascimento, desenvolvimento embrionario, perda de peso dos
ovos e peso dos pintinhos de galinhas (MACNABB e col., 1993; SUAREZ e col.,,
1997), perus (NESTOR e NOBLE, 1995; CHRISTESEN e col., 2000) e codornas
(LILJA e col., 2001).

O tamanho do ovo varia consideravelmente entre muitas espécies de aves e
grande parte dessa variacdo ¢ devida a variagdo genética aditiva (BOAG e VAN
NOORDWIIJK, 1987; LESSELLS e col, 1989). O tempo de incubagdo ¢ uma
caracteristica herdavel (CRITTENDEN e BOHREN, 1961; SIEGEL e col., 1968) ¢
pode ser modificada pela selecdo (SMITH e BOHREN, 1974).

Foi realizado um estudo com sete linhagens de galinhas na idade de 47 semanas
submetidas ao mesmo programa de manejo e nutricdo. As linhagens que apresentaram
melhor qualidade de albimen obtiveram uma maior taxa de nascimentos em ovos
submetidos a estocagem, mesmo em aves velhas, mas os ovos de linhagens com menor
qualidade de albimen nao obtiveram os mesmos indices. Em lotes de aves jovens, os
ovos devem ser estocados por mais tempo preferencialmente para linhagens que
apresentam boa qualidade de albiimen para a obteng@o de bons indices de eclodibilidade
(BRAKE e col., 1997). Desta forma, as diferencas genéticas sobre a qualidade do
albimen explicam os diversos relatos cientificos dos efeitos genéticos sobre a
eclodibilidade.

Esta diferenca na qualidade do albimen estd bem demonstrada pelos achados de
FOSTER (1993), que demonstrou a relagdo entre o periodo de estocagem e a fertilidade
de ovos em duas linhagens de galinhas. Foi observado que a fertilidade aumentou com o
aumento do periodo de estocagem em estocagens de curto periodo e diminuiu em
estocagens de longa duracdo. Entretanto estes resultados nio refletem precisamente a
participagdo da infertilidade verdadeira. A possivel explicagdo para esta observacao foi
que a mortalidade embriondria inicial ocorreu por um periodo insuficiente de estocagem
ou pelo excesso da mesma, desta forma a qualidade de albimen se encontrava muito
boa ou muito ruim. Mais argumentos sdo dados quando se realiza a comparagao entre as
duas linhagens, a de albumen com alta qualidade e a de albimen com baixa qualidade.

A primeira linhagem foi selecionada para apresentar ovos com elevada qualidade de
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albimen. Desta forma € necessaria uma estocagem mais longa para que reduzir o nivel
de mortalidade embriondria inicial observada através da ovoscopia. Trabalhos recentes
(BRAKE e col.,1997) demonstraram uma clara reducdo na eclodibilidade de ovos
férteis com albumen de elevada qualidade quando comparados com ovos férteis com
menor qualidade de albimen. Nestas observagdes verificou-se que nao houve a

influéncia do peso do ovo ou qualidade da casca (BRAKE e col., 1997).

2.3.3 Periodo de estocagem

Diversos autores relataram os efeitos da estocagem sobre a eclodibilidade dos
ovos. WILSON (1991) afirma que o maior potencial para a maior eclodibilidade de
ovos ¢ logo apds a postura do mesmo. Entretanto, ASMUNDSON e MACILRAITH
(1948) observaram que ovos estocados a 12,8°C obtiveram melhor eclodibilidade
quando submetidos a um periodo de estocagem de trés dias quando comparados com
ovos incubados frescos. De forma semelhante, FUNK e col. (1950) verificaram em ovos
de galinha que com um ou dois dias de estocagem obtiveram melhores indices de
eclodibilidade quando comparado com ovos frescos incubados.

BRAKE ¢ col. (1997) afirmaram que ndo existe um periodo perfeito de
estocagem fixado. Este pode variar bastante de acordo com a idade do lote de aves, a
linhagem, espécie. Esta situagdo pode ser mais bem exemplificada quando se observa o
comportamento das aves selvagens de incubag@o e constru¢do do ninho. Como as aves
selvagens pdem seus ovos por vezes no solo ou em uma arvore sem refrigeracdo,
algumas vezes por periodos prolongados de tempo? BRAKE e col., (1997) relataram
que existe uma simples explicacdo para esta situacdo na natureza. No inicio da postura a
fémea est4 cheia de reservas de nutrientes e consome elevadas quantidades de alimento.
Este elevado nivel de nutrientes permite que os primeiros ovos da postura tenham
elevada qualidade de albumen e qualidade de casca. A medida que a postura continua a
fémea perde o apetite como se fosse um prenuncio de muda (MROSOVSKY e
SHERRY, 1980) e esta diminui¢do no consumo de nutrientes pode promover uma
reducdo na qualidade do albumen dos ultimos ovos postos pela fémea. Desta forma, os
primeiros ovos da postura sdo mais resistentes ao ambiente como também se observa
em lotes de galinhas jovens enquanto os ovos das aves selvagens que sdo postos no fim
da postura sdo mais sensiveis as condi¢des ambientais, como também ¢ observado em

lotes de aves de producdo em idade avancada (WALSH, 1993; MEIJERHOF e col.,
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1994). Desta forma quando o ultimo ovo ¢ posto, basicamente todos estdo com a
qualidade do albumen similar.

Uma estocagem excessivamente longa ¢ prejudicial. Evidéncias de necrose e
alteracdes regressivas no blastoderma, mesmo em temperaturas de 13°C foram relatadas
(ARORA e KOSIN, 1966; MATHER e LAUGHLIN, 1979) e o encolhimento do
blastoderma em 10°C foi observada (FUNK e BIELLER, 1944; MATHER e
LAUGHLIN, 1979). KAUFMAN (1939) observou que a perda de a4gua do ovo por si s6
ndo ¢ a razdo para a mortalidade em periodos de estocagem prolongados. O albumen
atinge um pH de 9 a 9,5 apos periodos prolongados de estocagem (GOODRUM e col.,
1989), nivel este que estd bem acima do nivel 6timo. O aquecimento peridodico de ovos
estocados por longos periodos ¢ eficiente para manter a eclodibilidade destes ovos
provavelmente pela indug¢do da produgdo metabolica de gas carbdnico baixando assim o
pH do tecido (KUCERA ¢ RADDATZ, 1980). Entretanto o metabolismo também
produz amonia neste estagio de desenvolvimento (NEEDHAM, 1931) que também
reduz a qualidade do albimen (BENTON e BRAKE, 1994). Isto deve ocorrer por causa
de células mais diferenciadas do embrido possuirem maior sensibilidade ao pH e exibem
um crescimento heterogéneo levando a morte do embrido. Condi¢des de estocagem com
elevada concentracdo de didoxido de carbono, bolsas plasticas e baixas temperaturas

podem prorrogar a laténcia e manter a eclodibilidade dos ovos.

2.4 Aspectos da incubacdo artificial

2.4.1 Temperatura da incubagéo

A temperatura caracteriza-se como o fator mais importante para definir a
eclodibilidade de ovos férteis (WILSON, 1991). A temperatura 6tima de incubagdo para
as aves domésticas situa-se entre 37 e 38°C, podendo esta variar de acordo com a
umidade e a ventilacdo da maquina incubadora (VISSCHEDIIJK, 1991).

A temperatura de incubagdo apresenta uma correlagdo direta com o tempo de
incubacdo de um embrido de ave, como se observa em perus (FRENCH, 1994) e frango
(DECUYPERE ¢ col.,1979). Desta forma temperaturas abaixo de um nivel 6timo
retardam o desenvolvimento embriondrio, enquanto que temperaturas acima da mesma
aceleram o desenvolvimento do mesmo (ROMANOFF, 1960; WILSON, 1991).

Desvios de temperatura de incubacdo, além de alterarem a velocidade do

desenvolvimento embrionario, também podem levar o embrido a morte (WILSON,
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1991). Os extremos de temperatura podem causar degeneracdo ¢ morte embriondria
inicial, ou seja, na primeira semana de incubacdo (PRIMMETT e col.,1988). Os
embrides sdo mais sensiveis a altas temperaturas no final da incubacdo (ONO e col.,
1994), o que pode promover elevados indices de mortalidade na ultima semana de
incubagao (14-21 dias).

Alguns estudos demonstraram o efeito do uso de temperaturas mais elevadas que
o padrdo (37,5°C) na incubagao artificial de frangos de corte.

HAMMOND e col. (2007) verificaram que temperaturas de incubagdo de 38,5°C
comparada com 37,5°C podem melhorar algumas caracteristicas do embrido de galinha
como: o peso ao nascer, aumento do tamanho dos ossos da perna, mais fibras
musculares e nucleos celulares no gastrocnémio, uma maior motilidade do embrido in
ovo como também uma redugdo de tecido adiposo.

J& LEKSRISOMPONG (2005) estudou o efeito da temperatura na segunda
metade do periodo de incubacao de ovos de galinha. Ela observou que quando os ovos
foram submetidos a temperaturas de incubacdo ainda mais elevadas (39,5 a 40,6°C) os
pintinhos nascidos apresentaram uma reducdo no peso corporal, coragdo, moela,
proventriculo e intestino delgado enquanto o figado e saco da gema sofreram um
aumento de tamanho. A autora também verificou o efeito negativo de elevadas
temperaturas (39,5 a 40,6°C) de incubagdo sobre parametros como o consumo de racao,
ganho de peso das aves e até mesmo os niveis de mortalidade até os 14 dias de criagao.

De acordo com ROMIJIN e LOCKHORST (1960), no inicio da incubacdo a
transferéncia de energia por evaporacdo ¢ superior ao calor metabdlico do embrido,
desta forma, o ovo recebe calor do meio. Ja na segunda etapa da incubagdo a produgado
de calor metabdlico aumenta consideravelmente, sendo superior a quantidade de calor

perdido por evaporagao.

2.4.2 Umidade relativa do ar

A umidade relativa constitui um fator fisico de muita importancia durante o
processo de incubagdo artificial. Pelo menos 75% do ovo ¢ constituido de adgua cuja
preservacao deve ser mantida durante todo o processo de incubagdo. Os cuidados com a
preservacdo do volume de agua no ovo ocorrem desde a postura até durante a
incubacdo, objetivando a eclosdo de pintinhos bem hidratados (CAMPOS, 2000).

A desidratacdo dos pintinhos pode ser influenciada pela umidade relativa do ar

durante a incubag¢ao como também no nascimento, mas também existe a influéncia do
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periodo de tempo que o pintinho fica dentro da nascedoura até ser retirado (BRUZUAL
e col., 2000). O peso ao nascer dos pintinhos também ¢ influenciado pelo tempo de
remocao do nascedouro e pela umidade da incubadora (REINHART e HURNIK, 1984).
LUNDY (1969) relatou que o nivel de umidade relativa no processo de incubagdo para

bons niveis de eclosdo deve estar entre 40 e 70%.

2.4.3 Viragem do ovo

A viragem do ovo ¢ um fendmeno natural durante a incubacdo natural das aves.
Nos processos de incubagao artificial se faz necessario a utilizagao da viragem mecanica
para poder simular situacao semelhante a que ocorre normalmente na natureza. O uso da
viragem mecanica foi apontado na incubacdo artificial como um redutor de problemas
com o mal-posicionamento dos embrides (ROBERTSON, 1961) e também previne a
adesdo anormal do embrido as membranas da casca do ovo (NEW, 1957). A viragem ¢
necessaria para assegurar a correta utilizacdo do albumen para o desenvolvimento do
embrido durante o periodo normal de incubacdo (RANDLE e ROMANOFF, 1949). O
conhecimento dos efeitos fisiologicos da viragem dos ovos sobre o acumulo de
proteinas no liquido amnidtico, aumento da 4rea vascularizada e também sobre as trocas
gasosas (DEEMING, 1989; TAZAWA, 1980; WILSON, 1991; PEARSON e col., 1996)
enfatizou a importancia deste aspecto para a incubagdo artificial. A viragem do ovo
durante a incubacdo envolve diversos parametros como a freqiiéncia, o eixo em que o
ovo ¢ acondicionado na maquina como também o eixo de viragem do mesmo, o angulo
de viragem, o plano de rotagdo e o estdgio da incubagdo em que € necessaria a viragem

dos ovos (WILSON, 1991; ELIBOL e col., 2002).

2.4.4 Perda de 4gua do ovo

A perda de agua do ovo € um processo natural durante a incubagdo dos ovos.
Este parametro tem sido utilizado para estimar a taxa de trocas gasosas dos ovos
incubados (PAGANELLI e col., 1978; RAHN e col., 1979) ¢ também tem sido
correlacionada com a taxa de metabolismo e desenvolvimento embrionario (RAHN e
AR, 1980; BURTON e TULLET, 1983). Perdas muito altas ou muito baixas
influenciam o desenvolvimento do embrido (RAHN e AR, 1974) e, conseqlientemente,
a eclodibilidade dos ovos férteis (MEIR e col., 1984). Temperaturas de incubagdo acima

da 6tima provocam uma perda de agua excessiva, superior a 14% pelos ovos, podendo
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levar a morte do embrido por causa de desidratacdo. J4 a utilizacdo de temperaturas de
incubacdo inferiores ao nivel ideal pode promover uma perda de 4gua pelo ovo
embrionado insuficiente, abaixo de 12%, esta situagcdo pode reduzir a eclodibilidade dos
ovos por causa de uma elevada hidratacdao dos ovos que pode dificultar as trocas gasosas
através das membranas excessivamente umidas (ROMANOFF, 1930). Espécies
domésticas como os frangos de corte e perus perdem aproximadamente entre 12 e 14%

de 4gua durante todo o processo de incubacdo (RAHN e col., 1981).

2.4.5 Mortalidade embrionaria

Um ovo que ¢ incubado e ndo eclode reduz a eficiéncia reprodutiva de um
plantel de aves e, desta forma, o interesse econdmico para a industria avicola (ETCHES,
1996). O ovo que ndo eclode pode ser infértil, pode ser fértil e morreu antes da
incubacgao, ou seja, durante a estocagem, ou entdo pode ter morrido durante o processo
de incubacao artificial. Nas galinhas, durante as trés semanas de incubacao da espécie, a
mortalidade embrionaria ¢ mais freqiiente na primeira semana, menos freqiiente na
segunda e se apresenta intermedidria na terceira semana de incubagdo (PAYNE, 1919;
MOSELEY e LANDAUER, 1949). Desta forma a distribui¢ao temporal da mortalidade
embrionaria na incubagdo artificial se encontra principalmente em duas fases, a primeira
fase durante a primeira semana e a segunda fase durante a terceira semana (JASSIM e
col., 1996) durante a qual o desenvolvimento funcional do embrido se modifica em
elevadas taxas.

Elevados indices de mortalidade ocorrem, por exemplo, no inicio do
desenvolvimento embrionario durante a formacdo da vascularizacdo do embrido
(ETCHES, 1996). Também ocorre elevada mortalidade na fase final de
desenvolvimento embriondrio com as mudangas na nutricdo e no sistema respiratorio
(PAYNE, 1919). A mortalidade embrionaria pode ocorrer devido a causas genéticas
como também do ambiente (ETCHES, 1996) como por exemplo, anormalidades
cromossOmicas durante o desenvolvimento inicial do embrido (THORNE e col., 1991)
ou a deficiéncia da casca do ovo em promover as trocas gasosas ¢ de dgua necessarias

para o desenvolvimento do embrido (RAHN e col., 1979).
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2.4.6 Vacinacao in ovo

O conceito de vacinagdo in ovo foi demonstrado ser eficaz no inicio da década
de 1980. SHARMA e BURMESTER (1982) demonstraram que galinhas que haviam
sido vacinadas com o Herpesvirus causador de Marek em perus (HVT sorotipo 3) na
fase embriondria apresentaram melhor prote¢do a desafio aos 3 dias de idade do que
aves vacinadas ao nascer. Quando desafiadas aos 7 dias de idade, ambas apresentaram o
mesmo indice de protecio. SHARMA e BURMESTER (1983) realizaram a vacinagao
in 0V0 e em pintinhos ao nascer com os sorotipos 1 e 2 do Herpesvirus de Marek e
verificaram melhor protecdo nas aves vacinadas com 18 dias de vida embrionaria
quando desafiadas com trés dias de nascidas com uma cepa virulenta do virus de Marek.
SHARMA e col. (1984) demonstraram que o virus da Marek inoculado aos 18 dias de
vida embriondria se replicou apresentando altos titulos no pulmao e bago. Esta precoce
replicagdo viral da suporte a uma significante resposta imunitdria ao nascimento do
pintinho. Além de vacinagdes contra o virus da doenga de Marek, as vacinagdes in 0VO
vem sendo pesquisadas para diversas outras doengas como doenga de Newcastle
(AHMAD e SHARMA, 1992), Bouba aviaria (KARAKA e col.,, 1998), doenca
infecciosa da bursa (SHARMA, 1986) e bronquite infecciosa das aves (WAKENEL e
SHARMA, 1986). Estudos também tém sido realizados para avaliar a eficacia do uso de

simultaneo de diversos virus na vacinagao in ovo (SHARMA e col., 2002).
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3. JUSTIFICATIVA

Devido ao crescente aumento da producdo de codornas japonesas no Estado do
Ceara e no Brasil, tanto para a produ¢do de ovos como também para o abate, torna-se
necessario o estudo das técnicas de produgdo destas aves, principalmente na area de
incubagao artificial, por ser fundamental para a manutencao e expansao desta atividade
avicola. Dentre os fatores que influenciam a incubacdo, a temperatura ¢ a umidade
relativa estdo entre os mais importantes para o desenvolvimento das técnicas de
incubagdo artificial. Também se torna importante o estudo da técnica de vacinagdo in
0vo, visto que esta vem sendo empregada nos incubatorios na avicultura industrial para
a imunizacdao das aves, mas que até o momento ainda ndo se conhece os seus efeitos

sobre a incubacdo de ovos de codornas japonesas.
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4. HIPOTESES CIENTIFICAS

A codorna japonesa apresenta requerimentos especificos de temperatura e umidade para
a obtencdo de indices satisfatorios de eclodibilidade, peso ao nascer, tempo de

nascimento ¢ mortalidade embrionaria em ovos de codornas japonesas.
A aplica¢do in ovo da vacina contra a doenga de Newcastle ndo ¢ prejudicial ao

processo de incubagdo de ovos de codornas japonesas e favorece a produgdo precoce de

anticorpos.
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5. OBJETIVOS

5.1 Objetivo geral

Avaliar a temperatura, a umidade relativa e a vacinagdo in ovo durante a incubagdo

artificial de ovos de codornas japonesas (Coturnix japonica)

5.2 Objetivos especificos

Verificar o efeito de diferentes temperaturas sobre o desempenho da incubagao de ovos

de codornas japonesas (Coturnix japonica)

Estudar diferentes umidades relativas durante o periodo de incubagio artificial de ovos

de codornas japonesas (Coturnix japonica)

Avaliar os procedimentos de vacinag@o in 0vo sobre o desempenho da incubagdo de

ovos de codornas japonesas (Coturnix japonica)
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6. CAPITULO 1
Effect of temperature on incubation of Japanese quail eggs:

hatchability, hatch weight, hatch time and embryo mortality

Efeito da temperatura da incubagdo em ovos de codornas japonesas:
eclodibilidade, peso ao nascer, tempo de nascimento e mortalidade embrionaria

Periodico Cientifico: Animal Reproduction

RESUMO

A temperatura ¢ um fator muito importante que afeta o desenvolvimento
embrionario, a eclodibilidade e o desempenho pds-nascimento. A temperatura otima de
incubagdo ¢ normalmente definida como aquela que permite uma eclodibilidade méxima.
Este trabalho visa verificar os efeitos de diferentes temperaturas de incubagdo sobre a
eclodibilidade, peso ao nascer, tempo de nascimento e mortalidade embrionaria de ovos de
codornas japonesas (Coturnix japonica). Um total de 800 ovos foram divididos em oito
grupos experimentais (n=100) que foram incubados em diferentes temperaturas (34, 35, 36,
37, 38, 39, 40 e 41°C). As demais condi¢des de incubacdo foram idénticas para todos os
grupos, 60+5% de umidade relativa e viragem a cada 2 horas até a transferéncia para a
nascedoura no 15° dia de incubacdo. Os resultados mostraram que a eclodibilidade dos ovos
férteis foi maior para os ovos incubados a 37 e 38°C; 76,67 e 80,76%, respectivamente. Os
ovos incubados a 34°C ndo eclodiram ¢ os incubados a 35 e 41°C apresentaram um indice
muito baixo de eclodibilidade. As outras temperaturas proporcionaram eclodibilidade entre
50,33 e 57,73%. Os pesos ao nascer foram elevados nos grupos incubados em temperaturas
altas (38-41°C) quando comparados aos grupos incubados em temperaturas baixas (35-
37°C). Observou-se uma enorme diferenca no tempo de nascimento de acordo com a
temperatura de incubagdo. A diferenga de tempo entre o grupo de ovos que eclodiram mais
cedo (40°C) e os ovos que eclodiram por ultimo (35°C) foi de 156,3 horas ou 6,51 dias. Os
embrides apresentaram-se resistentes a altas temperaturas até 40°C durante o periodo inicial
da incubacao, contudo o mesmo ndo foi observado nos estagios finais de incubagdo, quando
altas temperaturas (39-41°C) promoveram elevados indices de mortalidade embrionaria

(Mortalidade final e em ovos bicados).

Palavras-chave: temperatura, incubagdo, Codorna japonesa, ovos
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ABSTRACT

Temperature is a very important factor affecting embryo development,
hatchability and post hatch performance. Optimum incubation temperature is normally
defined as that required to achieve maximum hatchability. This work was carried out to
verify the effects of different incubation temperatures on hatchability, hatch weight,
hatch time and embryo mortality of Japanese quail eggs (Coturnix japonica). A total of
800 eggs were divided in eight experimental groups (n=100) that were incubated at
different temperatures (34, 35, 36, 37, 38, 39, 40 and 41°C). The other incubation
conditions were identical for all groups, 60+5% of relative humidity and egg turning
every two hours up to transference to the hatcher at 15 days of incubation. The results
showed that fertile hatchability was higher for eggs incubated at 37 and 38°C, 76.67 and
80.76%, respectively. Eggs incubated at 34°C did not hatch and those incubated at 35
and 41°C showed very poor hatchability. The other temperatures had hatch rates from
50.33 to 57.73%. There were higher hatch weights in eggs incubated in high
temperatures (38-41°C) compared to the ones incubated in the lower ones (35-37°C).
There was an enormous difference in the hatching time according to the incubation
temperature. The difference of time between the groups of eggs that hatched earlier
(40°C) compared to the ones the hatcher later (35°C) was 156.3 hours or 6.51 days.
Embryos seemed to be resistant to embryo death in high temperatures until 40°C at the
early period of incubation, however the same was not observed at the later stages of
incubation when high temperatures (39-41°C) promoted elevated levels of embryo

mortality (late death and pipped eggs).

Key words: temperature, incubation, Japanese quail, eggs
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INTRODUCTION

Temperature is a very important factor affecting embryo development
(Romanoff, 1972), hatchability (Deeming and Ferguson, 1991) and post hatch
performance (Wilson, 1991). Embryonic development and incubation period depends
on the age of the embryo, duration of exposure as well as humidity, type of incubator
and temperature (Wilson, 1991). During artificial incubation, the embryo temperature is
dependent on incubator temperature, embryonic metabolic rate, and thermal
conductance of the egg and surrounding air (French, 1997). Optimum incubation
temperature is normally defined as that required to achieve maximum hatchability
(French, 1997). However, Decuypere and Michels (1992) have argued that the quality
of the hatchings should also be considered.

The incubation process on domestic chicken can be performed under
temperatures higher or lower than the one considered optimum for the specie (37.5°C).
However, changes in incubational temperature may alter the standard embryo
development with detrimental effects for hatchability (Alda, 1994). The major effects of
incubation at temperatures outside the optimal range are increases in embryonic
mortality, deformities and failure to hatch (Romanoft, 1960; Lundy, 1969).

There are several studies that observed the effect of temperature on length of
incubation (Romanoff, 1936; Michels et al., 1974; French 1994, Suarez et al., 1996), on
the rate of embryo growth (Decuypere et al., 1979; Dias and Muller, 1998), and on
hatchability (Lundy, 1969; Wilson, 1991; Lourens et al., 2005). However, there are few
studies about these effects on Japanese quail incubation performance.

This work was carried out to evaluate the effect of different incubation
temperatures on hatchability, hatch weight, hatching time and embryo mortality of

Japanese quail eggs.

MATERIAL AND METHODS

Birds

A total of 150 Japanese quails (Coturnix japonica), 50 males and 100 females,
were used for egg collections. The birds were reared in experimental cages in the
Laboratério de Estudos Ornitologicos- Universidade Estadual do Ceara. They were

lodged at a ratio of two females and one male in each cage. Birds were 22 week old and
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averaged 90% of egg laying production. All quails were supplied with balanced feed,
water ad libitum and exposed to 17 hours/day of light.

Incubation

The eggs were selected for incubation verifying egg shape, extreme sizes and
eggshell integrity by candling. They were divided into eight experimental groups
according to incubation temperature. The eggs were incubated at 34°C (n=100), 35°C
(n=100), 36°C (n=100), 37°C (n=100), 38°C (n=100), 39°C (n=100), 40°C (n=100) and
41°C (n=100). Each group of eggs was incubated in a separated incubator, according to
its experimental incubation temperature. Incubation process was done by automatic
incubators with relative humidity of 60+£5% and egg turning every 2 hours. At the 15™
day of incubation (360h) egg turning was stopped and the eggs were transferred to the

hatcher which maintained the same temperature and relative humidity until hatch.

Weight measurement and Hatching Time

All eggs were identified, individually, and weighed, by a precision balance
(0.001g), on the first day of incubation. After transference, eggs were monitored to
verify their hatching time every six hours. All quail chicks were weighed individually

after hatching.

Embryonic mortality

Eggs that failed to hatch were opened for macroscopically observation, thus they
were classified according to time of embryonic mortality. They were staged as infertile,
early embryo death, intermediate embryo death, late embryo death and pipped eggs.
This classification was similar to Pedroso et al. (2006) that classified the embryo
mortality in quail as early death embryos (1 up to 4 days), intermediate (5 up to 15 days)
and late death embryos (16 up to 18 days).

Statistical Analysis

Each experimental group (n=100) consisted of five replicates of 20 eggs. All
data were analyzed using the Statistix software 8.0 (2003). The results were submitted
the test of Shapiro-Wilk to verify normality and to Bartlett’s test to verify homogeneity
of variances. Hatchability, chick/egg weight and hatch time means were submitted to

Analysis of Variance through general linear model and the means were compared with
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the test of Tukey. Embryo mortality means were compared through Kruskal-Wallis’

test. Statements of significance were based on P<0.05.

RESULTS

Table 1 shows the total hatchability which consisted of hatch rate of all eggs

incubated and the fertile hatchability which was obtained from incubated eggs

excluding the infertile ones.

Table 1. Total and fertile hatchability of Japanese quail eggs

incubated in different temperatures

Total hatchability Fertile hatchability
Temperature (°C) Mean + SD (%) Mean =+ SD (%)
34 0.00 +0.00 ¢ 0.00 +0.00 ¢
35 4.00 +2.24 < 436+2.48
36 48.00 +7.58 ° 54.63 +8.37°
37 69.00 + 6.52 76.67 +7.24°
38 75.00 + 6.12 80.76 +7.75
39 53.00+£6.71° 57.73+7.81°
40 46.00 +7.42° 50.33+5.35°
41 15.00 +5.00 © 16.68 + 6.48 ©

2b¢d Means within the columns with different superscripts differ significantly (P < 0.05)

The experimental egg groups presented higher fertile hatchabilities compared to

the total hatchability, except for the eggs incubated at 34°C which had no hatched quail

chicks. The eggs incubated at 37°C and 38°C had the highest hatchabilities. They were
followed by the eggs incubated at 36°C, 39°C and 40°C that presented fertile hatch rates

between 50.33% and 57.33%. The lowest hatch rates were found for the eggs incubated

at 35°C and 41°C. It was verified that extremely high or low temperatures was very

harmful for egg hatchability.

36



The figure 1 shows the chick/egg weight ratio (%) of Japanese quail eggs in

different temperatures from 35°C up to 41°C.
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Figure 1. Chick/egg weight ratio (%) of Japanese quail eggs
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The chick/egg weigh of Japanese quail chicks varied from 66.7% to 75.5%,

showing that incubation temperature promoted a variation up to 13% of Japanese quail

hatch weight. The highest proportional weights at hatch were observed for eggs
incubated at the 38°C, 39°C 40°C and 41°C. Their means of hatch weight varied from
9.11g to 9.68g. They were followed by eggs incubated at 36°C and 37°C that had the

following hatch weight means 8.78g and 9.14g. The lowest weights at hatch were found

in eggs incubated at 35°C that had a mean hatch weight of 8.45g. There was no hatch

for eggs incubated at 34°C. In general the higher incubation temperatures promoted

heavier quail chicks than the lower ones.
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The figure 2 shows the hatching time of Japanese quail eggs incubated at different

increasingly temperatures from 35°C up to 41°C.

Figure 2. Hatch time of Japanese quail eggs incubated in
different temperatures
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There was an enormous difference in the hatching time according to the
incubation temperature. The difference of time between the group of eggs that hatched
earlier (40°C) compared to the one that hatched later (35°C) was 156.3 hours or 6.51
days. The average hatch time ranged from 374.7 to 531.0 hours, which is the same of
15.61 and 22.12 days of incubation until hatch, respectively. The increase of incubation
temperature from 35°C to 41°C reduced expressively the hatching time of Japanese
quail eggs, however this effect was observed for incubation temperatures up to 39°C,
since the hatching time of eggs incubated in higher temperatures were similar to that
one. The eggs incubated at 34°C were followed up to 30 days of incubation to verify the
hatching time, however they did not hatch and when they were opened (30d) the quail

embryos were already dead.
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The table 2 shows the classification of eggs that failed to hatch after incubation
in different temperatures. The eggs were considered infertile, early embryo death,

intermediate embryo death, late embryo death or pipped egg with dead embryo.

Table 2. Classification of Japanese quail eggs that failed to hatch after incubation in

different temperatures

Temp. Infertile Early Intermediate =~ Late death Pipped egg  Total
(°C) death death
Mean =+ SD (%)
34 11+4.18° 35+12.75° 36+10.84°  18+4.47" 0+0.00°  100°
35 10£9.35%  13£4.47™ 9+9.62®  38+10.37° 24+894* 94
36 12+£5.70° 142245  5+7.07°  12+£570™ 22+9.75*  52°
37 10+ 0.00° 4+4.18™ 1+2.24° 6+6.52® 10+6.12®  31¢
38 8+447°  6+£224™  0+0.00° 3+447° 8+447° 259
39 8+447"  6+4.18  3+6.71"  15£10.61° 15+11.73"  47°
40 9+6.52" 6+548"  1+£224° 19+ 8.94  18+837*  53°
41 8+7.58" 29+10.84®  9+4.18"  31+11.94® 9+4.18" 86

b4 Means within the columns with different superscripts differ significantly (P < 0.05)

The rate of infertile eggs ranged from 8% to 12% of total eggs. This

classification of unhatched egg is not dependant of incubation temperature, this way

there was no statistical difference among groups. The early embryo death was more

critical for eggs incubated in extreme temperatures such as 34°C and 41°C. The

intermediate embryo death was higher in eggs incubated at 34°C and lower levels were

found in the central temperatures (36 to 40°C). The late embryo death was lower in eggs

incubated at 37 and 38°C, while the other temperatures presented higher levels. Only

eggs incubated at 34°C had no pipped eggs. In general, the eggs incubated at 37 and

38°C had lower levels of unhatched eggs while the other presented higher levels

reaching 100% for eggs incubated at 34°C.
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DISCUSSION

Hatchability

The highest hatch rates were found for eggs incubated at 37°C and 38°C which
is in accordance to the optimal temperature to the development of the chicken embryos
that occurs within the narrow temperature range of 37 to 38 °C (Romanoff, 1960).
Pedroso et al. (2006) found similar fertile hatchability for Japanese quail eggs incubated
at 36.5°C and 37.5°C, that was 76.57% and 76.55%, respectively. The eggs incubated at
34°C were not able to hatch, however these eggs present quail embryos that developed
up to final stages. The temperature of 35°C was very aggressive for embryo survival
promoting a poor hatchability (4.36%). It has been reported that hypothermic incubation
(35°C) promotes a series of physiological dysfunctions in chicken embryos (Black and
Burggren, 2004a,b). The incubation at 36°C presented much better hatch rate compared
to 35°C, however it was considerably lower than 37 and 38°C. The temperatures above
38°C were also harmful to quail embryos decreasing the hatch rates. Incubation
temperatures above the optimal have been reported to negatively impact hatchability,
feed conversion, BW, and general post-hatch chick and poult performance (Gladys et
al., 2000). However higher and lower than optimal incubation temperatures may not be
considered completely detrimental to quail incubation since it can be used in an
intermittent way throughout the incubation. Callebaut (1990) studied artificial
incubation of Japanese quail eggs trying to mimic the natural incubation conditions with
daily 8 hours interruptions (low temperatures) and he found that it was possible to
lengthen the embryonic period by one-third without apparent harm and with potential

improvement in hatchability.

Hatch weight

The incubation temperature promoted a higher hatch weight in eggs incubated in
high temperatures (38-41°C) compared to those incubated in the lower ones (35-37°C).
In a general way the higher temperatures tended to increase the hatch weight. This was
also observed by Pedroso et al. (2006) that found an increase chick/egg weight ratio
from eggs incubated in a lower and in a higher temperature. However they found a
higher difference which was 51.54% and 64.49% for 36.5°C and 37.5°C, respectively.

Hammond et al. (2007) verified that higher incubation temperatures 38.5°C compared
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to 37.5°C increases not only the chick hatch weight but it also promotes longer leg
bones, more muscle fibers and nuclei in the gastrocnemius, more in 0Vo embryo motility
during incubation and a reduction in adipose tissue. However much higher temperatures
can be potentially detrimental to incubation of quail eggs, since Leksrisompong (2005)
observed that chicken eggs incubated in temperatures from 39.5 to 40.6°C showed body
weight, and weights of the heart, gizzard, proventriculus, and small intestines frequently

reduced.

Hatch time

The incubation time can be influenced by many factors like temperature (Suarez
et al., 1996; Wilson, 1991), egg weight (Burton and Tullet, 1985), age of breeder (Smith
and Bohren, 1975) and also preincubation storage (Bohren, 1978). Incubation
temperatures above the optimal temperature have been reported to accelerate growth
rates of avian embryos (Romanoff, 1960; Christensen et al., 1999). The incubation
temperature highly influenced the hatching time of Japanese quail eggs. The lower
temperature that allowed embryo hatching was 35°C. Compared to 38°C this
temperature increased almost 5 days in the hatching time. Chicken eggs incubated in the
same temperatures had a lower difference between the hatching times, which was 4 days
(Tazawa et al., 1988). Pedroso et al. (2006) found similar hatching times for Japanese
quail eggs; however they studied incubations at 36.5C and 37.5°C with 442.5 and 413.6
hours, respectively. The change of incubation temperature for small periods can also
influence the hatching time as reported by Leandro et al. (2000) that verified the effects
of small period (5 hours) of heat (40°C) or cold (32°C) stress in chicken eggs incubated

at 37.8°C and verified an increase of hatching time around 10 and 8 hours, respectively.

Embryo mortality

Embryo mortality pattern of Japanese quail eggs was similar to the one observed
in chickens, in which there are two phases of increased embryonic mortality during
incubation: the first phase occurs during the first week of incubation and the second
phase during the last week (Jassim et al., 1996). This way the intermediate embryo
death was less frequent than the other mortality classifications for temperatures that had
hatched quails. In general, all embryo mortality classifications tended to be lower for
eggs incubated in the central temperatures (37°C and 38°C). Embryos seemed to be

resistant to embryo death in high temperatures of incubation up to 40°C at the early
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period of incubation, however the same was not observed at the later stages of
incubation when high incubation temperatures (39-41°C) promoted high levels of
embryo mortality (late death and pipped eggs). These results are in accordance to Ono
et al. (1994) that verified that chicken embryos are more susceptible to high
temperatures in the end of incubation. Both extremes of high and low incubation
temperatures may reduce hatchability due to the lack of a complete capacity to
thermoregulate its own temperature since the embryos are poikilotherm until hatch.
Thus, the more pronounced consequences of this situation are physiological and
morphological alterations that lead to failure to hatch with mortality at various stages of

embryo development.

CONCLUSION

The most suitable incubation temperatures for Japanese quail eggs were 37 and
38°C. The incubation temperature highly influenced the hatchability of Japanese quail
eggs with the best performance for eggs incubated at 37 and 38°C, while higher and
lower temperatures presented low hatch rates. In general, high incubation temperatures
(38, 39, 40 and 41°C) increased hatch weight and decreased hatching time, while low
temperatures (34, 35, 36 and 37°C) promoted inverse effects. As for hatchability, the
extremely high and low temperatures promoted critical levels of embryo mortality

compared to the mild temperatures of incubation (37 and 38°C).
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7. CAPITULO 2

Effect of relative humidity on incubation of Japanese quail eggs

Efeito da Umidade Relativa durante a incubacgéo de ovos de codornas japonesas

Periddico Cientifico: Livestock Research for Rural Development

Resumo

Esta pesquisa teve o objetivo de verificar os efeitos da umidade relativa durante
a incubacdo de ovos de codornas japonesas sobre a eclodibilidade, perda de peso do
ovo, peso ao nascer ¢ mortalidade embrionaria. Um total de 150 codornas japonesas
(Coturnix japonica) foram utilizadas para a coleta de ovos (n=300). Estes foram
divididos em trés grupos experimentais: grupo incubado em baixa umidade
(36,05+6,06% UR; n=100), grupo incubado em umidade intermediaria (52,25+4,99%
UR; n=100) e grupo incubado em elevada umidade (76,50+4,44% UR; n=100). Cada
grupo de ovos foi incubado em maquinas separadas, de acordo com sua umidade
relativa durante a incubacdo. O processo de incubagdo ocorreu em incubadoras
automaticas com temperatura de 37,5°C e viragem a cada 30 minutos. No 15° dia de
incubacdo (360h), os ovos foram transferidos para a maquina nascedoura, onde se
manteve a mesma temperatura ¢ umidade, porém sem a viragem dos ovos. Todos os
ovos foram pesados no 1°, 5°, 10° e 15° dia de incubacdo e todas as codorninhas foram
pesadas ao nascer. Os ovos de codorna japonesa incubados em baixa umidade
apresentaram alta eclodibilidade (79%) quando comparada a eclodibilidade dos grupos
incubados em umidade intermediaria e elevada. A perda de peso dos ovos foi,
respectivamente, 11,96%; 8,94%; e 4,89% para baixa, intermedidria e elevada umidade
de incubag¢do. O peso ao nascer foi influenciado pelas diferentes umidades de
incubacdo, porém a mortalidade embrionaria ndo apresentou diferenga estatistica entre

os grupos de umidades diferentes.

Palavras-chave: Coturnix japonica, eclodibilidade, peso ao nascer, perda de peso do

ovo, mortalidade embrionaria
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Abstract

This research aimed to verify the effect of relative humidity during incubation of
Japanese quail eggs on hatchability, egg weight loss, hatch weight, and embryo
mortality. A total of 150 Japanese quails (Coturnix japonica) were used for egg
collections. The eggs were divided into three experimental groups: low humidity group
(36.05+£6.06% RH; n=100), intermediate humidity group (52.25+4.99% RH; n=100)
and high humidity group (76.50+4.44% RH; n=100). Each group of eggs was incubated
in an individual incubator, according to its experimental relative humidity during
incubation. Incubation process was done by automatic incubators with temperature of
37.5°C, and egg turning every 30 minutes. At the 15" day of incubation (360h) egg
turning was stopped and the eggs were transferred to the hatcher that maintained the
same temperature and relative humidity until hatch. All eggs were weighted on 1%, 5,
10™, and 15™ day of incubation and quail chicks at hatch. Japanese quail eggs incubated
at the lower humidity presented the highest level of hatchability (79%) compared to
intermediate and high humidities. Egg weight loss was respectively 11.96%, 8.94%, and
4.89% for low, intermediate and high humidity groups. Furthermore, the weight at hatch
was influenced by the different incubational humidities. Embryo mortality presented no

statistical difference among the different humidity treatments.

Key-words: Coturnix japonica, hatchability, hatch weight, egg weight loss, embryo

mortality
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Introduction

Japanese quail raising is an important poultry business in Brazil. The quails have
been reared for both egg and meat production all over the country, mainly by small and
medium breeders. Incubation procedures are important to maintenance and
improvement of quail egg production in Brazil, which is increasing over the last years.
One of the key points of incubation is the humidity control of incubators to allow a
successful incubation performance.

Water accounts for 68.25% of total eggs mass before incubation (Martin and
Arnold 1991). The amount of moisture lost from the eggs during incubation can affect
hatchability (Lundy 1969) and chick weight (Burton and Tullett 1985).

During incubation, a certain amount of water must be around the embryos to
protect them from drying out at an early stage of development (Yoshizaki and Saito
2002). Conversely, at a late stage of development, the drying of embryos is necessary to
initiate air breathing (Bainter and Fehér 1974).

Usually 12 to 14% of water is lost during incubation of broiler and turkey eggs
(Rahn et al 1981). Too low or too high water loss influences embryo development
(Rahn and Ar, 1974), and, consequently, egg hatchability (Meir et al 1984). The rate of
water loss from eggs during incubation can be regulated through changes in incubator
relative humidity (Peebles et al 1987; Tullett 1990).

The temperature can highly influence the relative humidity, and both contribute
to water loss during incubation, this way temperature and humidity must be carefully
monitored during incubation, because the embryo is not able to control the water loss of
egg (Ar 1991).

The relationship between temperature and relative humidity was studied and
standardized for duck (Cheng et al 2005), turkey (Applegate et al 1999) and broiler
incubation (Van Brecht et al 2003), even though it was not sufficiently studied this
relationship on Japanese quail incubation.

The objective of this research was verifying the effect of relative humidity
during incubation of Japanese quail eggs on hatchability, egg weight loss, hatch weight,

and embryo mortality.
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Material and Methods

A total of 150 Japanese quails (Coturnix japonica), 50 males and 100 females,
were used for egg collections. The birds were reared in experimental cages in the
Laboratorio de Estudos Ornitologicos- UECE and they were lodged at a ratio of two
females and one male in each cage. The Japanese quails were 22 week old and averaged
90% of egg production. All quails were supplied with balanced feed, water ad libitum
and 17 hours/day of light.

The eggs were collected and submitted to selection according to industrial
parameters for egg incubation, verifying egg shape, extreme sizes and eggshell integrity
by candling. They were divided into three experimental groups: low humidity group
(36.05+£6.06% RH; n=100), intermediate humidity group (52.25+4.99% RH; n=100)
and high humidity group (76.50+4.44% RH; n=100). Each group of eggs was incubated
in an individual incubator, according to its experimental relative humidity during
incubation. Incubation process was done by automatic incubators with temperature of
37.5°C, and egg turning every 30 minutes. At the 15" day (360h) of incubation egg
turning was stopped and the eggs were transferred to the hatcher which maintained the
same temperature and relative humidity until hatch.

All eggs were identified, individually, and weighted with a precision balance
(0.001g), on 1%, 5™, 10™, and 15" day of incubation. All quail chicks were weighted
after hatching.

The eggs that failed to hatch were opened for macroscopically observation. Thus
they were classified according to time of embryonic mortality. The eggs staged as
infertile were the ones with true infertility or pre-incubation mortality. They were also
staged as early dead embryos or intermediate dead embryos according to embryo
mortality stage. Unhatched eggs classified as late dead were the ones with final stage
mortality or pipped eggs with dead embryos.

A total of 300 eggs was divided into 3 experimental groups according to the
humidity during incubation. Five replications of twenty eggs per group were followed
for each experimental group and data were analyzed using the Statistix software 8.0
(2003). The results were submitted to Analysis of Variance through general linear
model and the means egg weight loss and hatch weight were compared with the test of
Tukey. The means of hatchability and embryo mortality were compared using Kruskal

Wallis test. Statements of significance were based on p<0.05.
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Results
Figure 1 shows the fertile and total hatchability of Japanese quail eggs incubated

at different relative humidities.

Figure 1. Total and fertilie hatchability of Japanese quail eggs incubated
at different humidities
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Figure 1 shows that the group incubated in the lower humidity (36.05+6.06%
RH) presented the highest levels of fertile and total hatchability and the group incubated
with the highest humidity (76.50+4.44% RH) presented the lowest levels of
hatchability. The group of eggs incubated in intermediate humidity (52.25+4.99%) had
hatchability levels between the two other groups. The means of hatchability were
statistically different just for fertile hatchability (p<0.05).

Table 1 shows the egg weight loss of Japanese quail eggs incubated at different

relative humidities.

Table 1. Weight loss of Japanese quail eggs incubated at different humidities

Low humidity Intermediate Humidity = High Humidity

Days of incubation Mean + SD(%)  Mean + SD(%) Mean = SD(%)
5 427 +0.624 3.46+0.58™4 1.58 £ 0.26*
10 7.89 +1.18*8 6.48 +1.12°B 3.14 £ 0.50%®
15 11.96 + 1.83%¢  8.94 +1.56"€ 4.89 + 0.68°C

¢ Means in a row with different superscript differ significantly (p<0.05)
A€ Means in a column with different superscript differ significantly (p<0.05)
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Japanese quail eggs incubated at different humidities presented different rates of
egg weight loss during the incubation, at the 5 , 10™ and 15™ day (p<0.05). The weight
loss was directly influenced by humidity during incubation. The eggs submitted to the
high humidity treatment showed more than twice the weight loss of eggs incubated in
low humidity. The weight loss of eggs incubated in the intermediate humidity was
between the losses of the two other groups. The eggs averaged approximately 0.797,
0.596, and 0.326% daily weight loss for low, intermediate and high humidity
treatments, respectively.

Figure 2 shows the percentage ratio between chick weight at hatch and initial

egg weight of Japanese quail eggs incubated at different relative humidities.

Figure 2. Relation chick/egg weight of Japanese quail eggs
incubated at different relative humidities
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The heavier chicks were those which eggs presented the lower egg weight loss.
The percentage ratio between Japanese chick weight at hatch and initial egg weight
decreased as the experimental humidities increased. The real chick weights were
8.89+0.80, 8.77+0.86, and 9.47+082¢g for low, intermediate and high humidities. The
chick weight in the intermediate humidity group was slightly smaller than the chicks

from the low humidity group because the initial egg weight of the low humidity group
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(12.70 £ 0.88g) was higher than the egg weight of the intermediate humidity group
(12.20 +0.90g).

Table 2 shows the classification of the Japanese quail eggs that did not hatch in each

humidity group.
Table 2. Classification of unhatched eggs incubated at different humidities
Low humidity Intermediate Humidity High Humidity
Categories ~ Mean £ SD(%) Mean = SD(%) Mean + SD(%)
Infertile 14.00 = 7.65 13.00 + 6.00 10.00 +5.16
Early death  2.00 £2.30 6.00£5.16 5.00+7.57
Late death ~ 5.00 + 3.82 6.00 + 2.30 15.00 + 3.82

It was not found intermediate embryo mortality. Infertility or pre-incubational
mortality is not affected by incubational humidity.

Japanese quail eggs incubated at low humidity (36.05+6.06% RH) presented
lower rates of early and late embryo death. The eggs incubated at high humidity
(76.50+4.44% RH) presented the highest rate of late embryo death. Despite the great
numerical differences, embryo mortality categories were not statistical different

(p<0.05).

Discussion

Hatchability

Lundy (1969) reported 50 to 60% RH to produce the best hatchability in chicken
eggs, and it was also verified that the best hatchability rate is obtained when the egg
weight loss is around 12%. Pedroso et al (2006) found 77.85% + 7.38 and 75.28% +
12.07 for Japanese quail eggs incubated at 55% RH and 65% RH, respectively. We
verified different hatch rates for fertile eggs (p<0.05).

Egg weight loss

The egg weight loss is an important parameter for incubation. It has been used to

estimate vital gas exchange (Paganelli et al 1978; Rahn et al 1979) and has been
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correlated with the rate of embryonic metabolism and development (Rahn and Ar 1980;
Burton and Tullet 1983).

Ar and Rahn (1980) examined the loss of mass in eggs during incubation and
evidences showed that this was essentially due to loss of water. About 10 to 11% of the
water is lost in domestic fowl eggs during the incubation period (Tullett and Deeming
1987). The temperature can highly influence the relative humidity, and both contribute
to water loss during incubation, this way temperature and humidity must be carefully
monitored during incubation, because the embryo is not able to control the water loss of
egg (Ar 1991).

Soliman et al (1994) found an egg weight loss of 11.32% in Japanese quail eggs
incubated 37.5°C dry bulb and 30°C wet bulb (56% UR). We verified that the different
humidities highly influenced the egg weight loss. It was observed that the eggs
incubated in low humidity lost more than twice the egg weight loss of eggs incubated in

high humidities.

Chick weight

The weight of chicks at hatch can be affected by several factors, including
species, breed, egg nutrient levels, egg environment, egg size (Wilson 1991), weight
loss during incubation period, weight of shell and other residues at hatch (Tullet and
Burton 1982), shell quality and, incubator conditions (Peebles and Brake 1987). In this
experiment the only parameter that varied was humidity, this way chick weight was
mostly influenced by this condition. The different humidities promoted different rates of
egg weight loss which were inversely proportional to chick weight at hatch.

Bruzual et al (2000) reported that relative humidity inferior to 63% during
incubation decrease chick weight. Small chicks have higher surface area to weight ratios
and are therefore more easily dehydrated than larger chicks. Dehydration has been
reported to be associated with higher mortality of chicks from young breeders (Wyatt et
al 1985).

Embryo mortality
The water loss is one of the most important processes that cause embryonic
death (Tiwary and Maeda 2005). Romanoftf (1930) reported that insufficient egg weight

loss during incubation can reduce the gas exchange through the egg membranes
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promoting a decreased hatchability. In the other hand, Soliman et al (1994) suggested
that early deaths are result of excessive weight loss in Japanese quail eggs.

It was reported that high RH (75-80%) increased mortality and a low RH (40-
50%) lowered late embryo death of eggs laid by older hens (Robertson 1961; Bruzual et
al 2000). Pedroso et al (2006) observed 18.56% of early embryo mortality of Japanese
quail eggs incubated at 55% RH.
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8. CAPITULO 3
Effect of in ovo vaccination procedures on Japanese quail embryos

(Coturnix japonica) and incubation performance

Efeito dos procedimentos de vacinagéo in ovo sobre embrides de codorna japonesa
(Coturnix japonica) e desempenho da incubacéao

Periddico Cientifico: Ciéncia Animal Brasileira

RESUMO

Esta pesquisa avaliou os efeitos dos procedimentos de vacinagdo in 0VO na
incubacdo artificial de codornas japonesas. Foi realizado um delineamento fatorial 4x4
com 17 tratamentos (4 dias de injecdo x 4 protocolos de injecdo, mais um grupo
controle). As injecdes foram realizadas em nos dias 0, 5, 10 ou 15 de incubacdo. Em
cada um desses dias, os ovos foram injetados com 4 protocolos diferentes: injecdo de
soro fisiolégico com ou sem vedagdo da casca e inje¢do da vacina viva da doenga de
Newcastle (DN) com soro ou diluente industrial. Os ovos foram incubados a 37,5°C e
60% UR. Todos os ovos e codornas nascidas foram pesados. Os ovos ndo eclodidos
foram submetidos ao embriodiagndstico. As codornas nascidas foram criadas para
coleta de sangue e avaliagdo de titulos de anticorpos contra o virus da DN. Os resultados
demonstraram que a inoculagdo em si (soro com/sem vedacao) ndo foi prejudicial para
os ovos com 10 ¢ 15 dias de incubagdo. Verificou-se que a vacinagdo in 0vo com o virus
vivo da DN (cepa HB1) ndo ¢ recomendada para ovos férteis de codorna em nenhuma
idade do embrido, devido aos elevados indices de mortalidade embriondria e pouca

resposta de anticorpos apos o nascimento.

Palavras-chave: inje¢do in ovo, vacinagdo, codorna japonesa, ovos, doenga de

Newcastle
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SUMMARY

This work aimed to evaluate the effects of in Oovo vaccination procedures on
incubation of Japanese quail eggs. The experiment was carried out in a factorial design
(4x4) with 17 experimental treatments (4 injection days x 4 injection protocols, plus 1
control group). The injections were tested at four incubation days: at 0, 5, 10 or 15. At
each injection day, the eggs were submitted to four distinct injection procedures: saline
injection with or without egg sealing and Newcastle disease (ND) vaccine plus saline or
industrial diluent, both without sealing. The eggs were incubated at 37.5° C and 60%
RH. All eggs and hatched quails were weighted. Unhatched eggs were opened to
classify embryo mortality. Hatched quail were raised to obtain blood to evaluate
antibody response against Newcastle disease virus (NDV). The injection process itself
(saline with/without sealing) was not harmful for eggs at 10 and 15 days of incubation
for Japanese quail eggs, however in 0vo vaccination with live ND vaccine (HB1 strain)
is not recommended to fertile quail eggs at any incubation periods due to high levels of

embryo mortality and poor post-hatch antibody titers.

Key-words: in ovo injection, vaccination, Japanese quail, eggs, Newcastle disease
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INTRODUCTION

In ovo technology has been studied in the last few years for administration of
hormones, nutrients and vaccines. It has been widely applied for vaccination purposes.
This technology is already present in 30 countries and accounts for more than 85% of
broilers and 60% breeders vaccinated in United States and Canada (BERCHIERI &
BOLIS, 2003).

In chicken, in ovo vaccines are administered to embryos on day 18 of incubation,
which is normally when incubating eggs are transferred to the hatcher (LI et al., 2005).
This method offers the advantages of reducing chick handling, improving hatchery
manageability through automation, reducing the costs of live production and stimulating
an early immune response (JOHNSTON et al., 1997). Many studies have proceeded to
investigate the efficacy and safety of in ovo vaccination against Marek’s disease
(SHARMA & BURMESTER, 1982), infectious bronchitis (WAKENELL & SHARMA,
1986), infectious bursal disease (IBD) (GIAMBRONE et al., 2001), and Newcastle
disease (AHMAD & SHARMA, 1992).

Newcastle disease (ND) is a highly contagious viral disease of poultry and other
bird species caused by specified viruses of the avian paramyxovirus type I (APMV-I)
belonging to the family Paramyxoviridae (MAYO, 2002).

Studies within the last few years have shown, however, that only few live
vaccines that are routinely administered to hatched chickens may also be injected into
embryonated eggs during the late stages of embryonation without a lethal effect (MAST
& MEULEMANS, 2003). NDV strains of low virulence such as the Bl strain (AHMAD
& SHARMA, 1992) and NDV clone-30 (MEBATSION et al., 2001), that are routinely
administered to hatched chicks cannot be employed for in ovo vaccination in their
current form due to their embryonic lethality. To attenuate NDV strains, different
approaches have been applied. Ahmad and Sharma described a Hitchner Bl derived
NDV strain for in ovo vaccination, mutated by the chemical agent ethyl
methanesulfonate (AHMAD & SHARMA, 1992). According to LIMA et al. (2004)
vaccination programs can efficiently eradicate this Newcastle virus in quails.

However, it was not studied the in 0vo vaccination procedures against Newcastle
disease for Japanese quail eggs. Thus, the objective of this research was to evaluate the
effect of In ovo vaccination procedures on incubation performance in Japanese quail
embryos (Coturnix japonica), analyzing the effect of the inoculation itself as well the

vaccinal virus on the embryos.
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MATERIAL AND METHODS

Birds and egg collection

Eighty Japanese quails (Coturnix japonica) were used for egg collections. They
were housed in experimental battery cages in the Laboratorio de Estudos Ornitologicos
from Universidade Estadual do Ceara. Three females and one male were lodged in each
cage (25 x 25 x 20cm). The birds were 12 weeks of age and averaged 90% egg
production. Water and balanced feed were supplied ad libitum according to
NATIONAL RESEARCH COUNCIL (1994). They were also submitted to 17
hours/day of light. All the collected eggs were selected verifying egg shape, extreme
sizes and eggshell integrity by candling.

Experimental groups

A total of 950 quail eggs was divided into a factorial design (4x4) with 17
experimental treatments (4 injection days x 4 injection types, plus 1 control group), all
groups had 50 eggs, except for control group that had 150 eggs.
The in ovo injections were tested at four incubation days: at 0 day (prior to incubation),
5 days, 10 days or 15 days of incubation (transference day).
At each injection day, the experimental eggs were submitted to four distinct injection
procedures: saline injection without egg sealing, saline injection with egg sealing,
Newcastle vaccine plus saline injection without sealing or Newcastle vaccine plus

industrial diluent injection without sealing.

Injection procedures

The eggs were removed from incubators and the in ovo injection was performed
at room temperature in a clean lab. First the eggs were disinfected with ethyl alcohol
(70%) and then they were placed with their large end up. This part of eggshell was
holed with a sterile hollow needle (0.8mm diameter) to allow the injection of 0.025mL
of inoculum. The eggs were injected by an adjustable micropipette with plastic tips
adapted with hollow needles (0.7mm diameter). The inoculum was delivered at 4-5mm
depth from eggshell surface. The injection procedure made a hole in the egg shell with
an area of approximately 0.5mm’. The sealing procedure was performed just after the
eggs were injected by filling the hole made by the injection with non-toxic glue. Then

the eggs were placed again in the incubator machines.
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Injected substances

All treatments consisted of injection of 0.025mL of a solution as follows: saline,
vaccine plus saline or vaccine plus industrial diluent.

Saline: Physiological saline solution 0.9% Sodium Chloride. Na" 154 mEq/L, CI
154 mEqg/L. Total osmolarity of 308 milliosmoles per liter.

Vaccine: live freeze-dried vaccine of Newcastle disease, Hitcher B1 strain
(HB1).

Industrial diluent: Sterile diluent for vaccination by eye drop route. Both vaccine
and diluent were made by the same manufacturer.

Live freeze-dried vaccines were rehydrated just before the use for injection into
quail eggs with industrial diluent or saline according to each experimental treatment.
The vaccine dilution was prepared by mixing 1000 doses of vaccine with 30 mL of
diluent. All procedures from storage to manipulation of injected substances were carried

out according to manufacturers’ recommendations.

Egg and hatch weight measurements

All eggs were identified, individually, and weighted on their collection day and
at the 15 day of incubation to verify egg weight loss. All hatched quail were weighed
individually after hatching. Weight measurements were obtained with a precision

balance (0.001g).

Incubation and post-hatch period

Eggs were incubated in horizontal position by automatic hatcheries with
temperature of 37.5°C, relative humidity of 60% and egg turning every 2 hours. At the
15™ day of incubation (360h) the eggs were transferred to the hatcher which maintained
the same conditions of humidity and temperature, but without turning. After hatch the
quails were housed in an experimental poultry facility. They were reared up to 15 days,
in experimental cages according to each treatment. Each cage was supplied with water
and balanced feed ad libitum, 24 hours of light and heat. After 15 days, all quail chicks

were euthanized to perform the blood collections.

Embryonic mortality
Eggs that failed to hatch were opened for macroscopically observation, thus they

were classified according to time of embryonic mortality. They were staged as infertile-
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early death embryo, which were the eggs with true infertility, pre-incubation mortality
or initial stage mortality. The embryos that presented mortality in the intermediate
development stage were classified as intermediate embryo death. Unhatched eggs
classified as final embryo death were the ones with late stage mortality or pipped eggs
with dead embryos. This classification was according to PEDROSO et al. (2006) that
classified the embryo mortality in quail chicks as early death embryos (1 up to 4 days),
intermediate (5 up to 15) and late death embryo (16 up to 18 days).

Blood collection and serological tests

The hatched quails were reared separately according to each experimental group
up to 15 days, when they were submitted to blood collections in order to assess the
antibody response against Newcastle disease vaccination.

After euthanasia for beheading, blood samples were collected from jugular vein.
Sera were separated, identified and frozen at -20°C until the serological tests were
performed.

Serological analysis was performed by haemagglutination inhibition test (HI)
according to ALLAN & GOUGH (1974) methodology. The test was done in V-
bottomed microtitre plates with 96 wells. It started with addition of 25 puL of phosphate
buffered saline-PBS (pH 7.2) in each well of the microtitre plates. A multichannel
pipette was used to perform serial twofold dilutions of each serum sample along the row
by transferring 25 pL of fluid from one well to the next. 25 pL of ND virus antigen at a
concentration of 4 haemagglutination units was added to each well. The side of plates
was tapped gently to mix, and then they were covered and allowed to stand at room
temperature (26°C) for 30 minutes. Afterwards, 25 puL of a 1% suspension of red blood
cells was added to each well. The side of plates was tapped gently to mix again, and
then they were covered and allowed to stand at room temperature for 45 minutes for the
appearance of a pattern of haemagglutination. The agglutination pattern was read and
the titers were recorded as the highest dilution of serum that caused complete inhibition
of haemagglutination.

HI results from individual birds were expressed as the reciprocal of the end point
serum dilution. Three rows of wells were left as controls: the first row contained a
known NDV antiserum (positive control), the second row contained NDV antigen alone
(negative control) and the third row contained normal saline with chicken red blood

cells (reagent control).

65



Statistical Analysis

A total of 950 quail eggs was divided into a factorial design (4x4) with 17
experimental treatments (4 injection days x 4 injection types, plus 1 control group).
Each experimental group (n=50) consisted of five replicates of 10 eggs, except for the
control group with 150 eggs and five replicates of 30 eggs. All data were analyzed using
the Assistat v. 7.5 (2008). The results were submitted the test of Shapiro-Wilk to verify
normality and to Bartlett’s test to verify homogeneity of variances. Hatchability, egg
weight loss and chick/egg weight means were submitted to Analysis of Variance
through general linear model. Means of hatchability were compared with the test of
Duncan and the means of egg weight loss and chick/egg were compared with the test of
Tukey. Embryo mortality means were compared through Kruskal-Wallis® test.

Statements of significance were based on P<0.05.

RESULTS AND DISCUSSION

The figure 1 shows the hatch rates of Japanese quail eggs that were in ovo

injected at four different periods of incubation with four different solutions..

Figure 1. Hatchability of Japanese quail eggs submitted to
different protocols of in ovo injection at various days of
incubation
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The results showed that all non sealed groups of eggs that received in ovo
injection before the incubation (0 day) presented similar hatch rates. This shows that at
this period the injection of live vaccine of ND is not detrimental to hatchability
compared to the groups that received saline. At this period the embryo is still in its early
stages of development and almost all egg’s volume is filled by albumen and yolk.
According to BURLEY & VADEHRA (1989) the albumen proteins present non-
specific defenses against microorganisms and probably against virus. This could be the
reason why the live virus was not able to affect the egg hatchability compared to the
eggs that received saline. The process of in 0vo injection before incubation even with
saline solution was harmful to embryo survival, since the hatch rates of injected eggs
was lower than the control group.

The hatchability of eggs injected with saline (with or without sealing) at 5 days
was similar to the ones injected before the incubation. However their results were
completely different to the ones that were injected at 5 days with vaccine that had no
hatched quails. This result shows that the in ovo injection of live vaccine of Newcastle
disease (HB1) was totally lethal to quail embryos at 5 days of development. This
finding is in accordance to some studies within the last few years that have shown that
only few live vaccines that are routinely administered to hatched chicks may also be
injected into embryonated eggs during the late stages of embryonation without a lethal
effect (MAST & MEULEMANS, 2003). NDV strains of low virulence such as the Bl
strain (AHMAD & SHARMA, 1992) and NDV clone-30 (MEBATSION et al., 2001),
that are routinely administered to hatched chicks cannot be employed for in ovo
vaccination in their current form due to their embryonic lethality.

The eggs injected at 10 and 15 days with saline presented hatch rates similar to
the control group, showing that the injection procedure was not detrimental to quail
embryos at 10 and 15 days of development. However the same was not observed when
the eggs were injected with vaccine. Hatchabilities of eggs that received vaccine at 10
and 15 days were lower than the control group. However the embryos with 15 days of
development seemed to be more resistant to live vaccination compared to embryonated
eggs vaccinated at 10 days, since these ones showed a lower hatch rates compared to the
older ones. This way we observed that HB1 strain can not be applied to in ovo
vaccination to quail eggs due to its poor hatchability. It is relevant to observe that at the
transference day (15 days for quails and 18 days for chickens) Japanese quail embryos

seem to be more resistant than chicken embryos that receiving an in 0v0 vaccination
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with a lentogenic NDV strain since the last ones can presented up to 100% mortality
(SARAVANABAVA et al., 2005). Maybe a process of attenuation of this strain could
produce a better hatchability for quail eggs. To attenuate NDV strains, different
approaches have been applied. AHMAD & SHARMA (1992) described a Hitchner Bl
derived NDV strain for in ovo vaccination, mutated by the chemical agent ethyl
methanesulfonate. The La sota strain has also been attenuated to in Ov0 vaccination by
selection of scape mutants with monoclonal antibodies (MAST et al., 2006).

The eggs injected at different ages (5, 10 and 15 days) with saline followed by
eggshell sealing or not presented no statistical difference for each day of injection. It
shows that the eggshell sealing procedure was not a critical procedure for successful in
0Vo injection, except for eggs injected before the incubation.

The use of saline solution or industrial diluent to rehydrate the freeze-dried
vaccine did not promote differences among the groups of eggs vaccinated at the same
period. Thus, it was verified that both saline solution and industrial diluent have similar
hatch rate performances concerning their use to in 0v0 vaccination against Newcastle
disease.

The figure 2 shows the percentage weight loss of Japanese quail eggs that were

in ovo injected at four different periods of incubation with four different solutions.

Figure 2. Egg weight loss of Japanese quail eggs submitted
to different protocols of in ovo injection at various days of

incubation
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The egg weight loss is an important parameter for incubation. It has been used to
estimate vital gas exchange (PAGANELLI et al., 1978; RAHN et al., 1979) and has
been correlated with the rate of embryonic metabolism and development (RAHN & AR,
1980; BURTON & TULLET, 1983). AR & RAHN (1980) examined the loss of mass in
eggs during incubation and evidences showed that this was essentially due to loss of
water. The water vapor conductance is related to the pore area and thickness of eggshell
(RAHN & AR, 1974).

The results showed that egg weight loss was higher or at least similar for eggs
that were injected compared to the ones from the control group. That can be explained
by the hole that was made to perform the injection of solutions. The process of in ovo
injection into the egg creates a hole with approximately 0.5mm? that increases the
conductance area of eggshell. Without artificial holes, the gas exchange is made only by
the pores that are naturally distributed on eggshell.

Comparing the eggs that were injected with saline followed by sealing or not, it
was possible to observe that the process of sealing eggshell after injection reduced the
egg weight loss of eggs for injections at 0, 5 and 10 days of incubation. It was not found
statistical difference for eggs injected at 15 days, this way this process does not interfere
when in 0vo injection is performed at the later stages of embryo development.

In a general way, the eggs injected at 10 days of incubation presented higher
levels of weight loss compared to eggs that were injected earlier (0 and 5 days) and later
(15 days). The increase of weight loss and therefore the conductance between the egg
and the environment can be particularly interesting for poultry embryos at the later
stages of incubation for a better performance of gas exchange and respiration. In
chicken eggs, the in ovo injection performed by 16 gauge (1.6mm diameter) needles
provide an addition of 25 to 30% of relative pore volume which can be considered as a

physiological advantage (BERCHIERI & BOLIS, 2003).
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The figure 3 shows the chick/egg weight ratio (%) of Japanese quail eggs that

were in 0VO injected at four different periods of incubation with four different solutions.

Figure 3. Hatch weight of Japanese quails submitted to
different protocols of in ovo injection at various days of

incubation
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The weight of chicks at hatch can be affected by several factors, including
species, breed, egg nutrient levels, egg environment, egg size (WILSON, 1991), weight
loss during incubation period, weight of shell and other residues at hatch (TULLET &
BURTON, 1982), shell quality and, incubator conditions (PEEBLES et al., 1987). In
this experiment the hatch weight was affected by new factors, such us the procedures of
in ovo injection. Most of Japanese quail eggs submitted to in 0VO injection presented a
reduced hatch weight compared to the eggs that were not injected (control group). The
eggs injected at 10 days of incubation were the ones that presented the lowest chick/egg
weight ratio. We believe that this lower hatch weight for eggs injected at 10 days can be
related to their weight loss during incubation. Increased weigh loss and reduced hatch
weight may promote detrimental effects on survival of newly hatched quails, since these
parameters may lead to dehydration. Small chicks have higher surface area to weight
ratios and are therefore more easily dehydrated than larger chicks. Dehydration has been
reported to be associated with higher mortality of chicks from young breeders (WYATT
et al., 1985).
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The eggs inject at 15 days of incubation seemed to be the least affected by in ovo
injection, concerning hatch weight, since these eggs presented the highest hatch weights
among injected eggs and despite their inferior numerical value, they did not presented
statistical differences to the control group (p<0.05).

Despite the numerical difference between saline injected eggs with sealing and

saline injected eggs without sealing, there was no statistical difference among them.
This way the process of sealing eggs after injection did not significantly interfere on
hatch weight of eggs injected at 0, 5, 10 or 15 days of incubation.
In general, the eggs injected with vaccine or saline solution presented no statistical
difference into each day of injection, showing that the in ovo vaccination with
Newecastle disease virus did not alter initial weight of hatched Japanese quails.

The figure 4 shows the frequency of embryo mortality of Japanese quail eggs

that were in ovo injected at four different periods of incubation with four different

solutions.
Figure 4. Frequency of embryo mortality of Japanese quail eggs
submitted to different protocols of in ovo injection at various days of
incubation
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The process of sealing eggs did not significantly reduce the embryo mortality

rates for eggs injected with saline, in the same day of injection. It was not found
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differences between eggs injected in the same day with vaccine plus saline or diluent.
Most of injection treatments results differed from the control group that was not
submitted to any injection procedure. The only groups that did not differed significantly
were the ones injected at 10 or 15 days with saline (with/without sealing) and the one
injected with saline followed by sealing at 0 day of incubation. Most of injected groups
seemed to have higher levels of final death than infertile/early death. On the other hand,
the eggs injected with saline at 15 days and the ones injected with vaccine at 0 and 5
days showed infertile/early death as the main reason for failure to hatch. The
intermediate embryo death was the least relevant classification of unhatched eggs and
does not appeared in all groups. That is similar to chicken eggs that do not present
relevant intermediate mortality, since there are two phases of increased embryonic
mortality during incubation: the first phase occurs during the first week of incubation
and the second phase during the last week (JASSIM et al., 1996). The process of in 0vo
injection can increase embryo mortality since the hole made in the eggshell provides the
opportunity to microbial infection. When the hole is made at the later stages of embryo
development the time of exposure to a microbial challenge is smaller and the embryo is
more prepared to face a microbial challenge, but when the process is done in the earlier
stages of incubation the exposure time is longer and the embryo has not a well
developed immune system (BERCHIERI & BOLIS, 2003), this way the process can be
detrimental to quail embryo survival.

The hatched quails were bled at 15 days of age to evaluate antibody titers against
Newcastle disease virus. In general the birds did not respond well. Eggs injected at 0
day did not have quails with antibody against NDV. The eggs injected at 5 days of
incubation with vaccine had 0% of hatchability. The eggs injected with vaccine at 10
and 15 days presented 8.7% and 6.9% of hatched quails with antibodies to Newcastle
disease. These poor levels of response to in OVO vaccination can be explained by the use
of an aggressive and inadequate NDV strain for in 0v0 vaccination purpose.
Furthermore, it is necessary to study more the injection site in quail eggs since different
locations can promote varied in 0VO vaccination responses. For example, it was verified
that the injection of Marek’s vaccine in air cell provided no protection for chicks, when
it was applied in allantoic fluid the protection ranged from 25 to 50% and when it was

applied in amniotic fluid the protection was 90% (BERCHIERI & BOLIS, 2003).
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CONCLUSION

The injection process itself (saline with/without sealing) is not harmful for eggs
at 10 and 15 days of incubation for Japanese quail eggs, however in OvVO vaccination
with live Newcastle vaccine (HB1 strain) is not recommended to fertile quail eggs at
any incubation periods due to high levels of embryo mortality and poor post-hatch

antibody titers.
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9. CONCLUSOES GERAIS

Concluiu-se que todos os fatores estudados na pesquisa, temperatura de
incubagdo, umidade relativa e os procedimentos de vacinagdo em ovo podem exercer
grande influéncia sobre o desempenho da incubacdo de ovos de codornas japonesas.

As melhores temperaturas de incubagao para ovos de codornas japonesas foram
37 e 38°C. Verificou-se que a temperatura influenciou bastante a eclodibilidade com os
melhores desempenhos para 37 e 38°C, enquanto temperaturas maiores € menores
obtiveram menores taxas de eclosdo. De forma geral, elevadas temperaturas (38, 39, 40
e 41°C) aumentaram o peso ao nascer e reduziram o tempo de nascimento enquanto
temperaturas menores (34, 35, 36 e 37°C) promoveram efeitos inversos. Da mesma
forma que a eclodibilidade, os extremos superiores e inferiores de temperaturas
promoveram niveis criticos de mortalidade embriondria quando comparada com
temperaturas intermediarias (37 e 38°C).

A umidade exerceu influéncia sobre o desempenho da incuba¢do das codornas,
sendo que ovos incubados em umidades baixas (36,05 £+ 6,06%) apresentaram melhores
indices de eclodibilidade comparados a ovos incubados em umidade elevada (76,50 +
4,44%). Os resultados de ovos incubados em umidade intermediaria (52,25+4.99% RH
foi similar aos outros dois niveis de umidade. A perda de peso dos ovos também foi
influenciada inversamente pela umidade da incubagao, enquanto que o peso ao nascer
teve uma relagdo direta com o nivel de umidade das maquinas.

Os ovos férteis de codornas japonesas obtiveram melhores desempenhos de
incubagdo apos a inje¢do In 0vO quando este procedimento ¢ realizado nos estagios
finais de incubacao (10 ou 15 dias) em relagdo aos estagios iniciais (0 ou 5 dias). Os
procedimentos de inje¢do in 0v0 quando realizados com soro fisiologico (com ou sem
vedagdo da casca) ndo foram prejudiciais para os ovos nas idades de 10 e 15 dias de
incubag@o. Ja o uso da injecdo in OvO para inoculagdo de vacina viva contra a doenga de
Newcastle foi prejudicial para o desempenho da incubagao, nao sendo recomendado em
virtude dos elevados indices de mortalidade embrionaria como também indices baixos

ou nulos de imunizagao.
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10. PERSPECTIVAS

A pesquisa de fatores biologicos e fisicos que podem influenciar a qualidade da
incubacdo de ovos de codornas ¢ fundamental para o desenvolvimento desta atividade
produtiva. Pois desta forma a incubacao destas aves pode ser baseada nos seus proprios
aspectos biologicos e ndo em outras espécies, como a galinha.

Com o estudo da temperatura verificou-se que a melhor faixa para todo o
periodo de incubacdo se encontra entre 37 e 38°. Estabelecendo assim um limite de
seguranga para a obten¢do de um bom desempenho reprodutivo. Entretanto verificou-se
que os embrides de codorna japonesa sao resistentes a elevadas (39-40° C) temperaturas
no periodo inicial e intermedidrio da incubacdo, o que abre precedentes para novas
pesquisas visando o uso parcial de temperaturas mais elevadas nas técnicas de
incubacdo de codornas japonesas, podendo até promover redugdes no tempo de
incubacao dos ovos sem prejuizos para incubagao.

Os resultados obtidos com a pesquisa de umidade relativa durante a incubagao
artificial revelaram que apesar da umidade ter uma importancia na incubagdo inferior a
temperatura, também pode influenciar o resultado da mesma. O achado de que a
incubacdo em baixa umidade foi superior ao de umidades elevadas servira de alerta para
os procedimentos de incubacdo em codornas japonesas, para que durante a incubagao o
técnico tenha em mente que desvios de umidade para mais podem ser bem mais
prejudiciais do que a ocorréncia de baixas umidades. Com a realizacdo de mais
pesquisas, o uso de umidades relativas baixas podera até mesmo ser apontado como um
protocolo de incubagdo satisfatorio.

Os resultados da pesquisa com injegdo in 0V0 em ovos de codornas japonesas
possibilitaram verificar que o processo em si de inoculagdo ndo € prejudicial aos 10 e 15
dias de incubagdo, sendo este um periodo viavel para inoculagdes em ovos de codornas,
entretanto no que diz respeito a vacinagdo in Ovo, serdo necessarios mais estudos com o
uso de virus vacinal mais atenuados para ndo prejudicar significativamente o
desempenho da incubagdo artificial e que promovam uma adequada resposta protetora

de anticorpos.
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