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RESUMO

Foram investigados os efeitos da idade das matrizes e do armazenamento prolongado dos
ovos férteis de codornas japonesas. No primeiro experimento (I), os efeitos da idade das
matrizes de codornas japonesas foram analisados sobre os estagios iniciais de
desenvolvimento embrionario (de 0 a 72 horas). Foram utilizados 203 reprodutores de
codornas japonesas alojadas em 29 gaiolas de postura convencionais com cinco fémeas e
dois machos com 31, 39, 48 ¢ 59 semanas de idade ¢ os ovos férteis provenientes dessas
matrizes foram incubados imediatamente apos a postura e foram analisados com 0, 24,
48 e 72 horas de incubacao, assim como foram determinadas as varidveis comprimento,
largura, volume e area dos ovos. Para a classificagdo dos embrides do grupo 0 horas, foi
utilizada a escala de Eyal-Giladi e Kochav (1975) que classificam os embrides em
numeros romanos de [ a XIV e para os grupos 24, 48 e 72 horas foi utilizada a tabela HH
de Hamburguer e Hamilton (1951), que classifica os embrides em 46 estagios. Nos
periodos de incubacdo de 0, 24, 48, e 72 horas de incubagdo foram evidenciadas as
seguintes médias de estdgios de desenvolvimento embrionario: XI, HH6,1; HH12,7 e
HH18,5 respectivamente, ndo havendo efeito da idade das matrizes. Conclui-se que entre
31 e 59 semanas os ovos tornam-se mais pesados, longos e largos, com maior volume e
area e que a idade ndo afeta o desenvolvimento dos embrides até 72 horas em codornas
japonesas. No segundo experimento (II), foram investigados os efeitos do pré-
aquecimento de ovos férteis de codornas japonesas durante o armazenamento sobre o
desenvolvimento embrionario, desempenho da incubagdo, qualidade dos pintinhos
eclodidos e desempenho dos pintinhos até 35 dias de idade. O experimento foi realizado
em delineamento inteiramente casualizado em esquema fatorial 3 x 2 + 1, totalizando sete
tratamentos, sendo trés periodos de armazenamento de 3,5; 6,5 € 9,5 dias e dois periodos
de pré-aquecimento de 0 e 04 horas a 37,5°C e 60% de UR. O pré-aquecimento foi
realizado no terceiro dia de armazenamento dos ovos no interior da méaquina incubadora.

O tratamento controle constituiu do armazenamento de 12 horas sem aquecimento dos



ovos férteis. Os dados de todos experimentos foram submetidos a andlise estatistica e
consideradas as diferencas significativas quando P<0,05. Houve aumento no percentual
de gema e casca, aumento no pH do albimen, reducao no percentual de albimen, redugao
na taxa de eclodibilidade e aumento na taxa de mortalidade embrionaria quando os ovos
foram armazenados por um periodo superior a seis dias. O pré-aquecimento dos ovos,
ocasionou redugdo no peso, comprimento ¢ gema residual do pintinho recém eclodido.
De modo geral, a idade da matriz de codornas japonesas nao exerce influéncia sobre o
desenvolvimento embrionario até 72 horas e o pré-aquecimento por 04 horas a 37,5°C e
60 % umidade relativa durante o periodo de armazenamento ndo produz melhorias em
indices de incubacao ou qualidade de pintinhos em codornas japonesas, sendo necessarios
mais estudos para determinar o melhor protocolo de pré-aquecimento para codornas

japonesas.

Palavras-chave: codornas, idade das matrizes, ovos, pré-aquecimento.
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ABSTRACT

The effects of breeder age and prolonged storage of fertile Japanese quail eggs were
investigated. In the first experiment (I), the effects of age of Japanese quail breeders were
analyzed on the early stages of embryonic development (from 0 to 72 hours). 203 breeders
of Japanese quail housed in 29 conventional laying cages with 5 females and 2 males at 31,
39, 48 and 59 weeks of age were used and the fertile eggs from these breeders were incubated
immediately after laying and were analyzed with 0, 24, 48 and 72 hours of incubation, as
well as the variables length, width, volume and area of the eggs were determined. The Eyal-
Giladi and Kochav (1975) scale was used to classify embryos in the 0-hour group, classifying
embryos in Roman numerals from I to XIV and for the 24, 48 and 72-hour groups, the HH
table of Hamburger and Hamilton (1951), which classifies embryos into 46 stages. In the
incubation periods of 0, 24, 48, and 72 hours of incubation, the following means of stages of
embryonic development were evidenced: XI, HH6.1, HH12.7 and HH18.5 respectively, with
no effect of breeder age. It is concluded that between 31 and 59 weeks the eggs become
heavier, longer, and wider, with greater volume and area and that age does not affect the
development of embryos up to 72 hours in Japanese quail. In the second experiment (II), the
effects of preheating fertile Japanese quail eggs during storage on embryonic development,
incubation performance, hatched chick quality and chick performance up to 35 days of age
were investigated. The experiment was carried out in a completely randomized design in a 3
x 2 + 1 factorial scheme, totaling seven treatments, with 3 storage periods of 3.5, 6.5 and 9.5
days and two preheating periods of 0 and 04 hours at 37.5°C and 60% RH. Preheating was

performed on the third day of egg storage inside the incubator machine. The control treatment
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is the storage of 12 hours without heating the fertile eggs. Data from all experiments were
submitted to statistical analysis and considered significant differences when P<0.05. There
was an increase in the percentage of yolk and shell, an increase in albumen pH, a reduction
in the percentage of albumen, a reduction in the hatchability rate and an increase in the
embryonic mortality rate when the eggs were stored for a period longer than 06 days. The
preheating of the eggs caused a reduction in the weight, length, and residual yolk of the newly
hatched chick. In general, the age of the Japanese quail breeder does not influence embryonic
development up to 72 hours and preheating for 04 hours at 37.5°C and 60% relative humidity
during the storage period does not improve incubation rates or chick quality in Japanese quail,

further studies are needed to determine the best preheating protocol for Japanese quail.

Key-words: quails, breeder age, eggs, preheating.
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I-INTRODUCAO

As codornas pertencem a familia dos Fasianideos (Fhasianidae) e da subfamilia dos
Perdicinidae, sendo da mesma familia das galinhas e perdizes (Pinto et al., 2002). No Brasil
foram inseridas na cadeia avicola no ano de 1959 por meio de imigrantes japoneses e
italianos, sendo difundidas no pais duas espécies: Coturnix coturnix coturnix (codorna
europeia) para produ¢do de ovos e carne; e a Coturnix coturnix japonica (codorna japonesa)
para produgdo de ovos (Pastore et al., 2012).

No Brasil, a coturnicultura tem se difundido bastante em razao de algumas vantagens
caracteristicas dessas aves com destaque ao rapido crescimento, maturidade sexual (35 a 42
dias) e alta produtividade (média de 300 ovos/ano) (Pastore et al., 2012). Além disso, esta
atividade vem se destacando no cendrio socioecondOmico do pais porque os produtos
provenientes dessa atividade sdo considerados como excelente alternativa para alimentacao
humana.

O avango progressivo dessa atividade no pais pode ser comprovado através dos dados
obtidos pelo Instituto Brasileiro de Geografia e Estatistica- IBGE (2020) no ultimo censo
agropecuario, sendo constatado que em 2010 existiam aproximadamente 12,99 milhdes de
cabeca e em 2020 alcancou a marca de 16,51 milhoes de cabecas.

A “codorna japonesa” (Coturnix coturnix japonica) caracteriza-se como a principal
espécie produtora de ovos m razao da sua alta producao, uma vez que elas podem colocar
mais de 253,08 ovos por ano, sendo a idade média do primeiro ovo de 38,9 dias com o pico
de postura atingido em 09-12 semanas de idade (Narinc et al., 2013). Os ovos provenientes

dessas matrizes sdo constituidos por trés estruturas principais: a casca, a clara ou albumen e
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a gema; porém, as caracteristicas dessas estruturas sofrem alteragdes por fatores como idade
das matrizes, tempo e condigdes de armazenamento (Osei-Amponsah et al., 2014; Santos et
al., 2016). Consequentemente, as mudangas ocorridas nas por¢des do ovo exercem influéncia
sobre o desenvolvimento embrionario, desempenho de incubagao e qualidade dos pintinhos
recém eclodidos.

As matrizes mais velhas de codornas japonesas produzem ovos com qualidade inicial
inferior aos de matrizes jovens. Ovos provenientes de aves velhas apresentam maior peso,
diminui¢do na espessura da casca, menor quantidade de albimen e maior peso de gema
(Sarcinelli, 2012). Essas mudangas podem afetar o desenvolvimento embrionario e,
consequentemente, os indices de eclodibilidade (Nowaczewski et al., 2016).

O armazenamento de ovos férteis ¢ um processo comumente realizado no interior dos
incubatorios comerciais com o intuito de atender a demanda de mercado de pintinhos, por
meio da obten¢do de um numero suficiente de ovos férteis para utilizar a capacidade maxima
de producdo das incubadoras e sincronizar todo o processo de incubagdo. Esse
armazenamento deve ser realizado em ambiente com temperatura inferior ao “zero
fisiologico”, para que ndo haja desenvolvimento embrionario nesse periodo (Meijerhof,
1992; Gonzales & Cesario, 2003; Fasenko et al., 2001). No entanto, periodos longos de
armazenamento mesmo em condigdes ideais também exercem influéncia sobre a qualidade
dos ovos e as taxas de eclodibilidade. Quando os ovos de codornas japonesas sdo estocados
por um periodo acima de quatro dias, ocorre redu¢do nos indices de eclodibilidade
(Shanaway, 1994).

Diante desta importincia, objetivou-se neste trabalho avaliar os efeitos da idade das
matrizes e do armazenamento prolongado dos ovos férteis e investigar possiveis alternativas

para mitigar tais problema.

1. Revisao bibliografica

1.1 Idade da matriz

A idade da matriz exerce influéncia sobre a qualidade dos ovos e sobre as
taxas de eclosao (Silva et al., 2016). Com o avango da idade ocorrem as seguintes
modifica¢des no ovo: hd aumento em seu tamanho, diminui¢ao no seu peso, a casca se torna

mais fina, ocasionando piora em sua qualidade interna. Além das mudangas no ovo, a
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producdo das aves se reduz, porque os foliculos pré-ovulatérios de aves com idade mais
avancada maturam mais vagarosamente e¢ ovulam quando alcancam maior tamanho,
comparativamente a foliculos pré-ovulatorios de aves mais jovens (Rutz et al., 2007).

Os ovos produzidos por matrizes mais velhas também apresentam na superficie da
casca maior quantidade de poros, com maiores didmetros o que confere elevadas trocas
gasosas entre o embrido € o meio ambiente durante o processo de incubacdo, fazendo com
que ocorra maior perda de peso dos ovos durante a incubacao (Schadeck, 2020). A idade da
matriz também apresenta alteragdes. Ou seja, com aumento da idade da matriz ocorre
aumento na quantidade de gema, redu¢do na quantidade de albimen, elevando a propor¢ao
gema: albumen. Além disso, ha maior absor¢ao de gema em embrides provenientes de ovos
de matrizes mais velhas, exercendo desta forma, influéncia direta sobre o desenvolvimento
embriondrio inicial. Sendo assim, embrides oriundos de ovos de matrizes velhas apresentam
melhor assimilagdo de nutrientes quando comparadas matrizes jovens (Nangsuay et al.,
2011).

Investigando o efeito da idade das matrizes de codornas japonesas (08, 14, 21 e 31
semanas de idade) sobre a qualidade dos ovos férteis, Hada (2013) notou que houve aumento
significativo no comprimento do ovo entre a 14* e 21* semanas de idade e que os ovos
provenientes de matrizes com 21 semanas de idade apresentaram indices médios de Unidade
Haugh significativamente maiores, quando comparados com os da 31* semana, havendo
também aumento da relagdo gema/alblimen a partir da 14* semana. Com relagdo as taxas de
eclosdo, Nogueira (2013), trabalhando com ovos provenientes de matrizes de corte de
diferentes idades (36 e 55 semanas de idade), relatou que a eclosdo do total dos ovos
incubados de matrizes novas ¢ superior (sendo representado pelo valor de 88,4%), quando
comparada com ovos incubados de matrizes velhas (sendo o valor da taxa representada por
78,1%).

1.2 Qualidade dos ovos incubaveis

Os ovos apresentam em sua constitui¢do as seguintes estruturas: gema, membrana
vitelina, albimen, membrana da casca, blastodisco, calazas e cdmara de ar (Nys & Guyot,
2011; Rose, 1997). De maneira geral, os ovos de codorna apresentam entre 25 ¢ 34 mm de

tamanho no sentido longitudinal e entre 20 a 25 mm no sentido transversal (Murakami &
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Ariki, 1998) e seus principais constituintes sdo distribuidos na seguinte propor¢ao: 56,5% de
albumen, 32,6% de gema ¢ 9,9% de casca (Panda & Singh, 1990).

A produgdo de pintinhos vidveis e saudaveis, que atinjam seu maximo potencial
produtivo nas granjas, depende diretamente da qualidade dos ovos férteis incubados. A
qualidade dos ovos ¢ determinada pelas caracteristicas internas e externas que incluem: peso
dos ovos, potencial hidrogenionico (pH) do albumen, unidade Haugh (UH), altura do
albiimen, indice de gema e espessura da casca. Contudo, fatores como a idade da reprodutora
e o tempo de armazenamento dos ovos exercem influéncia sobre a qualidade dos ovos férteis
(Nowaczewski et al., 2010a). Durante o processo de produgdo de pintos de um dia nos
incubatdrios industriais, 8 medida que aumenta o periodo de armazenamento, os ovos férteis
perdem qualidade. Isto ocorre em razdo das mudangas na qualidade dos ovos com destaque
para a diminui¢do da altura do albumen, o aumento do pH do albimen, perda de 4gua e as
alteragdes no teor de agua da gema (Qiu et al., 2012).

Os ovos de codorna apresentam o peso variando de 09 a 13g, dependendo da idade e
da espécie de codorna a ser criada (Albino & Barreto, 2003). Porém, o periodo de
armazenamento exerce influéncia sobre o peso dos ovos, mesmo quando estes sdo
submetidos a um ambiente com controle de temperatura ¢ umidade (Moura et al., 2008). O
peso do ovo sofre influéncia da idade das aves reprodutoras, havendo aumento no peso do
ovo durante o envelhecimento das aves (Nowaczewski et al., 2010b).

Com relag@o a casca do ovo, essa ¢ uma estrutura que fornece protegao contra danos
mecanicos e infecgdes microbiologicas, como também regula as trocas de agua e gases entre
0 embrido e o0 meio externo, além ser uma fonte de calcio para o embrido em desenvolvimento
(Solomon, 2010). A casca apresenta varios poros que sdo responsaveis pelas trocas gasosas
que ocorrem no ovo e o tamanho desses poros esta diretamente relacionado com a espessura
da casca; por isso cascas mais espessas apresentam maior resisténcia a difusdo gasosa.
Portanto, a qualidade da casca do ovo afeta diretamente na perda de peso do ovo, mortalidade
embriondria, taxas de eclodibilidade e de desenvolvimento embriondrio do pintinho (Rahn &
Paganelli, 1979; Roberts, 2004).

A qualidade da casca dos ovos esta relacionada com a sua espessura e conforme
Baptista (2002), as médias dos valores da espessura dos ovos de codorna mantém-se entre

0,18 e 0,21mm sem sofrer alteragdes expressivas ao longo do periodo de armazenamento. A
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gravidade especifica também ¢ uma técnica utilizada para determinar a qualidade da casca
dos ovos. Para isto, conforme os principios de Arquimedes, sdo usadas diferentes solugdes
salinas com densidades que variam de 1,050 a 1,100, com intervalo de 0,0025 unidades e na
solucao em que o ovo flutuar serd a gravidade determinada, sendo os ovos com melhor casca
aqueles que possuem maior gravidade especifica (Araujo & Albino, 2011).

J& o albumen ¢ uma estrutura dos ovos que circunda a gema, apresenta aspecto denso,
transparente, possui em sua constitui¢ao as calazas que sdo estruturas capazes de manter a
gema centralizada. No decorrer do periodo de estocagem dos ovos, ocorre reducao da altura
do albimen e elevagdo do pH dessa estrutura (Lapao et al., 1999). Essas mudangas acontecem
durante o periodo de armazenamento em func¢do da perda do dioxido de carbono para o
ambiente externo ao ovo, sendo esse processo acelerado em temperatura elevada. A perda do
dioéxido de carbono nessa estrutura eleva o pH do albimen de 7,6 para 9,5 (Brandao, 2014;
Mueller et al., 2017).

A qualidade do albtimen ¢ avaliada através da determinacdo da unidade Haugh (UH),
uma medida expressa em funcao do peso do ovo e da altura do albumen que ¢ calculada pela
expressio: UH = 100log (H +7,57 — 1,7 W%%7), em que H representa a altura do albimen em
milimetros e W se refere ao peso do ovo em gramas (Haugh. 1937). A medida que aumenta
o periodo de armazenamento, os valores de UH de ovos de codorna diminuem quando
comparados aos valores de ovos frescos (Nowaczewski et al., 2010a). Akpinar et al., (2015)
verificaram a reducao de 13,03% no valor de UH de codornas submetidos ao armazenamento
de 35 dias.

A gema ¢ uma estrutura que esta contida no centro do ovo e apresenta em sua
superficie o blastodisco. Ela estd envolvida pela membrana vitelina, que tem como fungao
primordial, limitar as trocas de material entre o albimen e a gema; e atuar como uma barreira
contra a protegdo bacteriana (Nys & Guyot, 2011). O contetido nutricional da gema dos ovos
de codornas atua como fonte nutricional para o embrido, sendo sua composi¢do quimica
representada da seguinte forma: 49,7% de agua, 16% de proteina, 31,5% de gordura e 1,8%
de cinzas (Tolik et al., 2014). Ja a composi¢do mineral e vitaminica estd representada por
1490 mg/kg de célcio, 4880 mg/kg de fosforo, 111,41 mg/kg de magnésio, 39,39 mg/kg de
ferro, 0,62 mg/kg de cobre e 18,98 mg/kg de zinco (Genchev, 2012). Os lipideos da gema se

constituem da principal fonte de energia durante a segunda metade da incubagao e no inicio
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do periodo pés-eclosdo para o embrido, uma vez que eles conferem aproximadamente 90%
de produgdo de energia embriondria utilizada para manutengdo, crescimento corporal e
desenvolvimento (Romanoff, 1960). Além dos lipidios, os aminoacidos presentes na gema
sao usados pelo embrido principalmente para a sintese de proteinas nos tecidos (Barri et al.,
2011).

A qualidade da gema pode ser quantificada por meio do indice de gema que ¢
definido pela relagdo entre a altura e largura da gema. Os valores de indice de gema obtidos
entre 0,39 e 0,45 indicam ovos de boa qualidade interna. No entanto, durante o
armazenamento, ocorre a migracao da dgua do albimen para a gema provocando desta forma,
alargamento dessa estrutura provocando queda no indice de gema (Marinho, 2011; Oliveira

& Oliveira, 2013).

1.3  Pré-aquecimento dos ovos férteis

No periodo pré-incubagdo, as industrias avicolas realizam o armazenamento dos ovos
férteis a temperaturas inferiores ou iguais ao zero fisioldgico para evitar que o
desenvolvimento embrionario prossiga antes do inicio do processo de incubacdo, sendo essa
temperatura relatada por Fasenko (2007) abaixo de 21°C. Nesse contexto, o periodo de
armazenamento total dos ovos férteis pode variar entre alguns dias e varias semanas em razao
a demanda varidvel do mercado por pintos de um dia de idade. No entanto, o armazenamento
prolongado por mais de sete dias de ovos férteis de matrizes de postura (Mather & Laughlin,
1977; Dymond et al., 2013) e por mais de quatro dias de ovos férteis de codornas (Imai et al.,
1986) ocasionam efeitos negativos nos indices de eclodibilidade (Fasenko, 2007), redugao
na qualidade do pintinho (Tona et al., 2004a) e diminuicdo no desempenho de crescimento
da progénie (Tona et al., 2004b).

Com o intuito de mitigar os efeitos negativos provenientes dos periodos de
armazenamento surgiram técnicas utilizadas em frangos de corte, de tratamento térmico
aplicadas antes ou durante a estocagem dos ovos, que promovem a reposi¢ao celular e o
incremento ao desenvolvimento embrionario através do estimulo térmico, fortalecendo o
embrido e reduzindo as perdas ocasionadas pela estocagem. Para periodos de estocagem mais
longos, o protocolo de tratamento térmico consiste no estimulo térmico aplicado durante o

processo de estocagem, sendo os ovos retirados do estoque, estimulados com calor e em
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seguida armazenados novamente até que se inicie o processo de incubacdo artificial
(Kollmann Filho, 2018).

E aplicada a técnica do tratamento térmico durante o armazenamento com o intuito
de imitar o processo de aquecimento natural dos ovos férteis que acontece no ninho e ¢
realizado pelas aves. De forma natural, a ave coloca um ovo por dia no ninho até o final da
postura e nesse processo acontece o aquecimento dos ovos mais velhos & medida que ela
retorna ao ninho para a postura de mais um ovo, proporcionando um periodo curto de
incubagdo (Elmenawey, 2019). Geralmente esse processo acontece entre 06 a 08 horas apos
a postura, quando ocorre avango no desenvolvimento embrionario dos ovos (Jones, 1986).

O protocolo para aquecimento dos ovos durante o armazenamento ¢ comumente
realizado no interior de maquinas incubadoras sendo o tempo ¢ o nimero de periodos curtos
de aquecimento diferente para ovos armazenados em curtos e longos intervalos de tempo
porque a viabilidade do embrido esta ligada com a duragdo do armazenamento do ovo
(Reijrink et al., 2010). Entretanto, para frangos de corte, a soma dos estimulos térmicos ndo
pode ultrapassar o periodo de 12 horas, pois o tempo de aplicagao do calor pode resultar em
perda na taxa de eclosdo (Dymond et al., 2013). Quando os ovos férteis de matrizes de
frangos de corte sdo armazenados por até¢ 14 dias e aquecidos a 37,8°C por 04 horas, ha
melhora nos indices de eclodibilidade, pois a utilizacdo da técnica permite a formagdo do
hipoblasto, o que torna o embrido menos sensivel as mudangas no pH do albumen (Reijrink
et al., 2010).

Com relacdo aos protocolos de pré-aquecimento de ovos férteis de codornas
japonesas também existem estudos que fornecem resultados positivos sobre o rendimento da
incubacgdo. Petek e Dikmen (2004) aplicaram o protocolo de aquecimento pré-incubagio que
consistiu no fornecimento de calor de 37,5°C por 08 horas antes do periodo de
armazenamento e a partir da utilizagdo dessa técnica foi possivel aumentar os indices de
eclodibilidade e melhorar o desempenho subsequente da progénie. Damaziak et al. (2021),
obtiveram aumento na taxa de eclosao de ovos férteis e redu¢ao da mortalidade embrionaria
precoce e tardia quando aplicaram o protocolo de pré-incubacao (37,8 © C e 50-55% UR) e
viragem dos ovos por 16 horas para ovos férteis de codornas japonesas armazenados pelo

periodo de 12 dias.



20

1.4  Efeitos do armazenamento dos ovos sobre o desenvolvimento

embrionario

Na indutstria avicola ¢ comum o armazenamento de ovos férteis destinados ao
processo de incubagdo. No entanto, o armazenamento prolongado tende a reduzir a taxa
média de desenvolvimento embriondrio (Mather & Laughlin, 1977) e levam ao aumento da
mortalidade embriondria precoce e tardia (Hyankova et al., 2013).

Durante o periodo de armazenamento, os ovos férteis sao submetidos a temperatura
de “zero fisiologico” que corresponde a 21°C (Fasenko, 2007), sendo as células embrionarias
paradas na fase mitdtica do ciclo celular. No entanto, quando os ovos sdo submetidos a este
estado durante longo periodo de duragdo, ocorre o envelhecimento celular, aumentando desta
forma a suscetibilidade das células aos processos naturais de morte celular através da via de
apoptose (Konishi & Kosin, 1974), havendo reducdo na area do blastoderme (Mather &
Laughlin, 1977) e reducao na porcentagem de células vidaveis. Hamidu et al. (2011)
demonstraram que a porcentagem de células vidveis em ovos de matrizes foi
significativamente maior quando os ovos foram armazenados por quatro dias (81,17%)
quando comparados com os ovos armazenados por 14 dias (68,18%). Essa redugdo na
propor¢ao de células embriondrias viaveis tende a reduzir a taxa média de desenvolvimento
embrionario e aumentar o nimero de embrides anormais ou mortos que ocorrem em OvoS
armazenados em longo prazo (Fasenko, 2007).

Além disso, periodos mais prolongados de armazenamento dos ovos ocasionam
mudangas no pH do albamen que afetam diretamente o desenvolvimento embrionario. O pH
do albumen do ovo recém-posto varia de 7,6 a 7,9 no entanto com o avanco do periodo de
armazenamento, o pH dessa estrutura aumenta podendo chegar a 9,5 (Alleoni & Antunes,
2001). Esse fato acontece porque, durante nesse periodo, o ovo perde CO> e dgua através dos
poros da casca. A perda de CO; para o ambiente externo ao ovo, aumenta rapidamente a
alcalinidade do albimen (Reijrink et al., 2008). Em contrapartida, a gema mantém-se
levemente 4acida, com pH em torno de 6,5 durante o periodo de armazenamento. Portanto, o
blastoderma assumird um pH intermedidrio, pois enfrenta um ambiente bastante alcalino na
superficie dorsal do epiblasto e sua superficie ventral fica em contato com um ambiente

levemente 4cido. Porém, durante periodos de armazenamento mais prolongados, o pH de 8,2
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considerado Otimo para gastrulagdo ndo ¢ atingido, o que podera prejudicar o
desenvolvimento inicial do embrido (Gillespie & McHanwell, 1987; Rocha, 2011).

Além do aumento do pH do albumen durante o armazenamento, ocorre a liquefacao
dessa estrutura, uma vez que a ovoalbumina se transforma em S-ovoalbumina quando ocorre
a dissocia¢do do complexo ovomucina-lisozima com a destrui¢do do gel de ovomucina, que
provoca a reducao das propriedades gelificantes e espumantes da viscosidade do albtimen,
tornando-o liquefeito (Seibel et al., 2005). O processo de liquefacao do albumen produz agua
que, por sua vez, atravessa a membrana vitelinica por osmose e € retida na gema, aumentando
o volume dessa estrutura e ocasionando o enfraquecimento da membrana vitelinica (Pissinati
etal., 2014). Em virtude da desintegragdo dessas estruturas que protegem o embrido no inicio
da incubacdo, periodo que o amnio ainda ndo estd completamente formado, o
desenvolvimento embrionario podera ser afetado negativamente (Rocha, 2011).

O armazenamento prolongado de ovos também exerce efeito sobre o desempenho de
incubagdo, uma vez que a medida que aumenta o periodo de armazenamento ocorre declinio
na eclodibilidade dos ovos, aumentam as taxas de mortalidades embrionarias, € os embrides
que sobrevivem tendem a se desenvolver lentamente (Ogbu & Oguike, 2019). Para ovos de
codornas armazenados por cinco dias a 21°C, houve reducdo na eclodibilidade de 78,4% para
35,4% quando os ovos foram armazenados nas mesmas condi¢gdes de temperatura, porém por
um periodo de armazenamento de 15 dias (Garip & Dere, 2011). O armazenamento por 12
dias a 18°C de ovos férteis provenientes de matrizes de frangos de corte resultou no aumento
da mortalidade embrionaria nas fases inicial e tardia (Mello et al., 2021). Conforme Heba
(2015), areducdo nessas taxas esta relacionada com a diminuigdo da viscosidade do albumen

e com o aumento do pH do albliimen.

1.5 Processo de incubacio artificial e seus fatores fisicos

O processo de incubacdo artificial de ovos férteis € realizado nos incubatdrios em
maquinas incubadoras para obtencao de pintos de um dia, que serdo destinados a produgao
de carne ou ovos nas granjas comerciais. Nesse sentido, o incubatdrio exerce grande
importancia sobre a cadeia produtiva, pois ¢ a partir dele que a mesma ¢ abastecida (Silva et

al., 2016). Em razdo da sua importincia para a manutencao e o aperfeicoamento da criagao
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de codornas, a incubagdo tornou-se um processo que tem se difundido bastante no Brasil nos
ultimos anos (Morais et al., 2009).

Esse processo surgiu de forma primitiva em meados 400 a.C. no Egito, sendo o
aquecimento dos ovos férteis realizado em construgdes ou ladrilhos de barro, porém a
primeira incubadora mecanica foi desenvolvida apenas em 1974 na Franga (Salazar, 2003).
De forma geral, a incubadora consiste em um equipamento capaz de regular fatores como
temperatura e umidade, e permite a renovagdo de ar e viragem dos ovos, proporcionando
condi¢des ambientais favoraveis para o desenvolvimento embrionario, visando alcangar altos
indices de eclodibilidade, que estdo diretamente relacionados com a sobrevivéncia e o
desempenho dos pintinhos no campo (Boleli et al., 2016).

Envolvidas nesse processo, existem dois tipos de incubadoras: de estagio inico e de
estagio multiplo. As incubadoras com sistema de estagio Unico sdo carregadas totalmente
com um unico lote de ovos férteis, de modo que todos os embrides estdo no mesmo estagio
de desenvolvimento permitindo dessa forma que haja o ajuste de fatores como temperatura,
umidade e ventilacdo de acordo com a necessidade dos embrides. Em contrapartida, as
incubadoras com sistema de estagio multiplo sdo carregadas com trés ou quatro cargas de
ovos férteis por semana, de modo que diferentes lotes de ovos com embrides em diferentes
estagios de desenvolvimento sdo incubados em uma Unica méquina (Baracho et al., 2010;
Molenaar et al., 2010).

Apesar da disponibilidade de ambos os sistemas, as incubadoras de estdgio Uinico
apresentam melhores desempenhos de incubacdo. Comparando os dois sistemas de
incubagdo, Mesquita et al. (2021) verificaram que o sistema Unico de incubagdo se mostrou
melhor do que o sistema multiplo, porque foi capaz de elevar os resultados de eclodibilidade
e melhorar a qualidade do pintinho. Os ovos que foram incubados no sistema de estagio unico
apresentaram 92,12% de porcentagem de eclosdo total e os ovos incubados em sistema
multiplo essa taxa foi de 90,25%. Com relacao a qualidade do pintinho, os ovos incubados
no sistema Unico obtiveram um escore médio de qualidade de 94,10 pontos, que foi maior do
que os pintinhos incubados no sistema multiplo, que obtiveram um escore médio de 91,79

pontos.
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1.5.1 Temperatura

A temperatura ¢ um dos fatores fisicos envolvidos e que esta relacionada diretamente
com o periodo de duragdo do processo de incubacao, com os indices de eclodibilidade e com
o desenvolvimento embriondrio durante o armazenamento dos ovos férteis. A temperatura
denominada de “ponto zero fisioldgico” ou “zero biologico” deve ser mantida durante o
periodo de armazenamento dos ovos para que ndo ocorra desenvolvimento embrionario
(Barbosa & Leite, 2013). Em contrapartida, quando os ovos férteis sdo destinados ao
processo de incubagdo, estes sao submetidos a temperaturas mais elevadas. Para codornas, o
processo de incubagdo tem duragdo de 17,5 dias e ¢ realizado a temperatura de 37,5°C
(Murakami & Ariki, 1998).

Quando ocorrem grandes variagdes de temperatura no interior das maquinas
incubadoras, como a exposi¢ao do embrido a altas ou baixas temperaturas, diferentes efeitos
negativos podem ser ocasionados sobre o desenvolvimento embrionario. Temperaturas muito
altas durante o periodo de incubacdo resultam em aumento expressivo na mortalidade
embriondria tardia, contudo, temperaturas muito baixas retardam o nascimento ¢ aumentam
o numero de ovos nao eclodidos e bicados (Mauldin, 2001). Além disso, temperaturas altas,
causam o aparecimento de um grande nimero de pintos refugos, pequenos € com umbigos
mal cicatrizados. J& as temperaturas baixas causam o aparecimento de pintos com o abdomen
distendido, umbigo mal cicatrizado e ovos bicados e ndo eclodidos (Muraroli & Mendes,
2003; Molenaar et al., 2011). As baixas temperaturas de incubac¢do (33°C) também retardam

o crescimento embriondario € aumentam o periodo de incubagdo (Ipek et al., 2014).

1.5.2 Umidade relativa

A umidade relativa do ar no interior das maquinas incubadoras durante o periodo de
incubagdo ¢ um importante fator a ser controlado pois ele esta relacionado diretamente com
o teor de perda de 4gua nos ovos. O processo de perda de agua para o ambiente externo ao
ovo, se constitui de um processo essencial para o desenvolvimento embrionario adequado
pois ele esta associado diretamente com a perda de calor do ovo e com a formagado da camara
de ar, no entanto perdas de dgua fora da faixa normal podem resultar em anormalidades de
pintos ou morte (Boleli et al., 2016). Em ovos de codornas, o conteudo de dgua corresponde

a 73,4% do seu peso total e a perda de agua evaporativa em relagdo ao peso inicial do ovo
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que fornece a eclodibilidade ideal ¢ em torno de 12 a 14% (Romanoff & Romanoft, 1949;
Peebles & Brake, 1987).

Nos ovos, a perda de agua acontece por meio do processo de difusdo: a 4gua atravessa
os poros da casca movendo-se sempre do ponto mais imido para o ponto mais seco
(Mesquita, 2013). Em situagdes em que a umidade relativa estd baixa, observa-se perda
excessiva de peso e ocorre atraso na eclosdo, em razao do déficit de fluidos nas cavidades
amnidticas e alantoicas, que prejudica o desenvolvimento embrionario e a eclosao (Boleli et
al., 2016). Em situagdo inversa, em casos de alta umidade, os embrides tendem a eclodir
precocemente com o aspecto molhado e pegajoso, chegando até em alguns casos extremos a
eclodir sem alcangarem o pleno desenvolvimento (Decuypere et al., 2003). Murakami &
Ariki (1998) obtiveram maior eclodibilidade durante o processo de incubag¢ao de ovos de
codornas japonesas incubados a 60% de umidade relativa e, nos ultimos dois dias, apos

transferéncia para o nascedouro, quando a umidade relativa foi elevada a 70%.

1.5.3 Viragem dos ovos

A viragem dos ovos ¢ realizada durante o processo de incubacdo com o intuito de
reduzir o mau posicionamento embriondrio, prevenir a adesdo do embrido nas membranas da
casca e garantir a utilizagdo adequada do albimen por parte do embrido (Wilson, 1991). Na
incubac¢do natural, a galinha vira os ovos muitas vezes, mais de 96 vezes em 24 horas e, por
isso, essa pratica foi incluida no processo de incubagdo artificial (Landeuer, 1967).

A realizacdo do processo de viragem dos ovos depende de uma série de parametros
como: o plano de rotagdo, o eixo em que o ovo ¢ acondicionado nas bandejas no interior da
maquina incubadora, o angulo do eixo, a frequéncia e o estadgio de incubagdo (Elibol et al.,
2002). As maquinas incubadoras, realizam a viragem a cada 01 hora, o eixo de colocagao dos
ovos nas bandejas que apresenta melhor eclodibilidade ¢ com a ponta mais estreita para baixo
e o melhor angulo de viragem ¢ de 20° a 45° em relagdo ao eixo horizontal (Decuypere et al.,
2003).

Quando a viragem dos ovos ndo ¢ realizada, principalmente no periodo compreendido
entre o terceiro ao sétimo dia de incubacdo, a troca gasosa por meio da membrana

corioalantoide pode ser prejudicada, pois o albimen nao absorvido se interpde entre esta



25

membrana e a membrana interna da casca, impedindo a expansdo dos vasos sanguineos
(Deeming, 1989; Wilson, 1991).

Yoshizaki e Saito (2002) verificaram em seus estudos que os ovos de codornas
incubados na posi¢ao vertical e dispostos com sua extremidade mais fina voltada para a
bandeja, juntamente com a realizacdo do processo de viragem a cada 02 horas apresentaram
nivel de eclodibilidade de 85%. Em contrapartida, ovos que foram dispostos com a
extremidade mais larga do ovo (que abriga a camara de ar) voltada para a bandeja, mesmo

com a a¢do de viragem a cada 02 horas apresentaram percentual de eclodibilidade de 63%.

1.5.4 Trocas gasosas

O desenvolvimento embrionario das aves no interior dos ovos depende das trocas
gasosas realizadas principalmente entre o ovo e¢ o ambiente da incubadora, sendo esse
processo realizado por mecanismos de difusdo de gases por meio dos poros da casca do ovo,
e pelo do fendmeno fisico denominado de condutancia. Quando a concentragao de O» externa
dos ovos ¢ maior que a presente no interior dos ovos, o gas oxigénio ¢ difundido para dentro
do ovo. Em contrapartida, se a concentragdo de CO ¢ superior no interior dos ovos, o CO»
se difunde fora do ovo. As caracteristicas dos ovos incubaveis (superficie, nimero de poros
e geometria) e as condigdes de incubagdo alteram o sistema de trocas gasosas. Dessa forma,
as areas maiores da superficie do ovo, maior nimero de poros e diametro, e cascas de ovos
mais finas aumentam a taxa de trocas gasosas entre os ovos e o meio ambiente (Boleli et al.,
2016).

Conforme enunciado por Bamelis et al. (2008), no primeiro periodo do processo de
incubacdo, a respiragdo do embrido ocorre por difusdo dos gases através dos poros da casca.
Nesse processo acontece a captura de Oz, liberagao de CO2 e 4gua metabdlica. Ja no segundo
periodo de incubagdo, o ovo perde 4gua e o gas entra para repor a agua perdida, formando
uma estrutura em uma das extremidades dos ovos denominada camara de ar que aumenta seu
tamanho até que ocupe aproximadamente 15% do volume interno do ovo. Apds a formacao
dessa estrutura, o embrido passa a respirar o ar contido na cdmara de ar, inflando os pulmoes
e os sacos aéreos (La Scala Jr., 2003; Piaia, 2005).

Nesse processo, o indice do gas O: durante a incubacdo permanece em

aproximadamente 21% (Oro, 2011). Em contrapartida, o valor maximo aceito nos niveis de
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diéxido de carbono ¢ de 01%. Quando sdo atingidos os valores elevados, ocorrem alteragdes
nos niveis de eclodibilidade, podendo levar & mortalidade total dos embrides (Piaia, 2005).
Portanto, boas maquinas incubadoras apresentam boa ventilagdo para manter a umidade dos
ovos, garantir o suprimento adequado de O; e remocao de CO», e permitir que haja a remogao

do calor metabolico (Calil, 2007; Ramli et al., 2017).

1.6 Desenvolvimento embrionario

Nas aves o processo de desenvolvimento embrionario inicia-se no interior do corpo
das matrizes durante o processo de fertilizagdo que acontece no infundibulo onde hé a
formagao do blastoderma, estrutura que comeca a se diferenciar em camadas germinativas, e
com isso se inicia o processo de gastrulacao (Barbosa, 2011). O embrido situa-se no topo da
gema sob a membrana vitelina (Najera & Weijer, 2020) e seus estagios de desenvolvimento
embriondrio iniciais sdo descritos em numerais romanos conforme Eyal-Giladi e Kochav
(1991). No momento da oviposi¢ao o embrido de codornas japonesas atinge o estagio XI
(Sellier et al., 2006).

No estagio XI, a superficie superior do blastoderma apresenta uma camada fina e
suave através da qual camadas de células mais profundas podem ser observadas. Em frente
a se¢do posterior da area opaca existe uma area transparente em forma de cinto cuja a borda
anterior ¢ demarcada por uma concentragao relativamente estreita de aglomerados de células
em forma de ferradura denominada de Foice de Koller e que do ponto de vista morfologico
compreende o inicio do hipoblasto. Esse processo de formagao do hipoblasto continua, e na
fase XII o cinto posterior transparente anterior ao qual a camada inferior recém-formada, o
hipoblasto, ja reveste metade da superficie inferior da area pelicida. No estagio XIII, a
margem posterior do hipoblasto ¢ muito acentuada no lado ventral e também pode ser
visualizada do lado dorsal através do epiblasto transparente, com aspecto de superficie
superior continua. Quando o estagio XIV ¢ atingido pelas células da camada média forma-se
uma massa condensada na linha média posterior (Eyal-Giladi & Kochav, 1991).

Apos esse periodo, os estagios iniciais de desenvolvimento embrionario de codornas
também sdo semelhantes aos estdgios iniciais da embriogénese de frango de corte (estagio
04-28) que foram descritos por Hamburger ¢ Hamilton (1951), portanto sdao similares as

descri¢cdes morfoldgicas e os tempos de incubagao.
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No entanto, a partir do estagio 29 ao 35, o tempo de incubacdo para cada estadgio
referente ao desenvolvimento embrionario de codornas, torna-se reduzido e com base no
tempo de incubagdo acelerado nao ¢ mais possivel comparar e atribuir estagios equivalentes
para ambas as espécies. De forma geral, o periodo total de desenvolvimento embrionario das
codornas esta compreendido em 46 estagios que foram documentados na tabela 1 (Ainsworth
et al., 2010).

Durante o armazenamento dos ovos férteis, os estagios de desenvolvimento
embrionario sofrem mudangas conforme o protocolo de temperatura aplicado nos ovos nesse
periodo. Fasenko et al. (2001) ao aplicar periodos curtos de incuba¢do durante o
armazenamento de ovos férteis, permitiram a transicdo dos embrides para um estagio de
formagao significativamente mais desenvolvido apos a postura, com a formacao completa do
hipoblasto.

Além da temperatura, a idade da matriz exerce influéncia sobre o desenvolvimento
embriondrio, uma vez que matrizes mais velhas produzem foliculos maiores que resultam em
ovos de tamanho maior, ¢ embrides com maior tamanho (Vieira, 2001). Em contrapartida,
ocorre reducdo na espessura da casca do ovo (Maiorka et al., 2003), permitindo maior
condutancia na casca dos ovos (Cardoso et al., 2002), que ocasiona maior taxa metabolica
nos embrides fazendo com que estes se desenvolvam mais rapidamente, afetando o tempo
total de eclosdo (Joseph & Moran, 2005). Ulmer-Franco et al. (2010) verificaram que os
embrides provenientes de aves jovens (com 29 semanas de idade) apresentaram tempo para
bicagem externa (494,4h) e eclosdo (503,8h) significativamente superior aos embrides das
aves velhas (com 59 semanas de idade), que apresentaram 490,2h e 500,4h, respectivamente.
Além disso, Damaziak et al. (2018) verificaram que embrides de matrizes de corte mais
velhas atingem um estagio superior de desenvolvimento em 48 horas de incubacao.

Com relacdo as taxas de eclodibilidade, Tona et al. (2004b) verificaram que os pintos
que eclodiram com maior peso (49,05g) foram provenientes de ovos férteis de atrizes mais
velhas (com 45 semanas de idade), enquanto que as matrizes mais jovens (com 35 semanas
de idade) produziram pintos com peso de 45g, em decorréncia do maior peso dos ovos das

matrizes velhas no inicio do processo de incubagao.
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Tabela 1. Principais caracteristicas no desenvolvimento de codornas

Estagios Tempo de Principais caracteristicas
incubag¢do
4 HH 18-19h A linha primitiva esta totalmente alongada
5 HH 19-22h Notocorda ¢ visivel
6 HH 23-25h A dobra cefalica ¢ aparente
7 HH 23-26 h Um somito evidente
8 HH 26-29h 04 somitos evidentes
9 HH 29-33 h 07 somitos evidentes
10 HH 33-38h 10 somitos evidentes
11 HH 40-45h 13 somitos evidentes, coragdo inclinado a direita
12 HH 45-49h 16 somitos evidentes e haste Otica evidente
13 HH 48-52h 19 somitos evidentes
14 HH 50-53 h 22 somitos evidentes. Primeira e segunda fendas branquiais visiveis
15 HH 50-55h 24-17 somitos evidentes. A terceira fenda branquial ¢ definida
16 HH 51-56 h 26-28 somitos evidentes. Uma crista espessada define a primeira aparéncia dos brotos das
asas. Ainda ndo existe evidéncia dos brotos das pernas nesta fase
17 HH 52-64 h 29-32 somitos evidentes. Os brotos das pernas sdo visiveis e os brotos das asas aumentaram
ligeiramente
18 HH 72 h O alantoide € o primeiro anexo aparente. O amnion geralmente fechado
19 HH 3 dias O processo maxilar torna-se distinto. Os olhos ainda nio sdo pigmentados
20 HH 3,5 dias Alantéide se torna vesicular e mais visivel. Olhos levemente pigmentados
21 HH 3,5 dias O processo maxilar excede o processo mandibular em comprimento
22 HH 4 dias E visivel a pigmentagdo dos olhos
23 HH 4 dias Os brotos dos membros sdo iguais em largura e comprimento
24 HH 4 dias Os brotos dos membros sdo maiores em comprimento do que em largura
25 HH 4,5 dias As articulagdes de cotovelo e joelho sdo visiveis
26 HH 4,5 -5 dias Demarcacéo de dedos do pé
27 HH 5 dias A regido pressuposta do bico pode ser identificada
28 HH 5,5 dias O crescimento do bico é nitido
29 HH 5,5 — 6 dias A curvatura da asa ¢ visivel. O dente do bico ainda néo ¢ visivel
30 HH 6 — 6,5 dias Sao visiveis 01 a 02 papilas esclerais. O dente do bico ¢ visivel
31 HH 6,5 dias Sdo evidentes 6 papilas esclerais
32 HH 7 dias Sédo evidentes de 6-8 papilas esclerais. Os dedos do pé se alongaram e tornaram-se mais
visiveis
33 HH 7 dias 13 papilas esclerais evidentes
34 HH 7,5 dias Crescimento diferencial do 2° e 3° dedos do pé. 13-14 papilas esclerais
35 HH 8 — 8,5 dias As palpebras comegam a sobrepor a superficie do globo ocular
36 HH 8 —9 dias A pigmentacdo preta e marrom comega a ser visivel. Comprimento do bico = 1,2 mm,
comprimento do terceiro dedo = 3,2 mm
37 HH 9,5 dias A area de pigmentagdo preta expandiu-se para incluir a testa e a coroa. A pigmentacao
marrom ja esta presente na regido lombo-sacral. Comprimento do bico = 1,5 mm,
comprimento do terceiro dedo = 4,1 mm
38 HH 9,5-10dias  Pigmentagdo preta visivel nas laterais do cranio. Listras distintas de pigmentagdo marrom
na regido lombo-sacral. Comprimento do bico = 1,5 mm, comprimento do terceiro dedo =
4,7 mm
39 HH 10,5-11 Aumento significativo no comprimento de todos os foliculos de penas pigmentadas.
dias Padrdes de pigmentag@o expandidos na asa e pigmentagao visivel microscopicamente em
torno das articulagdes intertarsais. Comprimento do bico = 2,0 mm, comprimento do
terceiro dedo = 6,0 mm
40 HH 11 dias Foliculos de penas pigmentadas estio presentes na regido periocular. Pigmentacao agora
evidente nos pés. Comprimento do bico = 2,0 mm, comprimento do terceiro dedo = 6,1 mm
41 HH 11,5 dias Os foliculos de penas brancas s@o evidentes ao longo do comprimento do embrido e
proeminentes ao redor do olho. Comprimento do bico = 2,0 mm, comprimento do terceiro
dedo = 6,1 mm
42 HH 12 — 13 dias Pigmentagao visivel nos dedos dos pés. Comprimento do bico = 2,3 mm, comprimento do
terceiro dedo = 8,6 mm
43 HH 14 dias Comprimento do bico = 2,6 mm, comprimento do terceiro dedo = 9,4 mm
44 HH 15— 16 dias Comprimento do bico = 3,0 mm, comprimento do terceiro dedo = 10,8 mm
45 HH 16 —16,5 Comprimento do bico = 3,5 mm, comprimento do terceiro dedo = 11,9 mm
dias
46 HH 17,5 dias Eclosdo

Fonte: Adaptado de Ainsworth et al. (2010).
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II- OBJETIVOS GERAIS

Avaliar os efeitos da idade das matrizes e do armazenamento prolongado dos ovos férteis

e investigar possiveis alteragdes negativas para mitigar tais problemas.

OBJETIVOS ESPECIFICOS

Experimento I:

avaliar o desempenho reprodutivo das matrizes de codornas japonesas em func¢io da
idade;

determinar os efeitos da idade das matrizes de codornas japonesas sobre as estruturas
da casca do ovo;

identificar os estagios de desenvolvimento embrionario inicial (de 0 a 72 horas) em

func¢do do periodo de incubacao e da idade das matrizes de codornas japonesas.

Experimento II:

determinar os efeitos do pré-aquecimento de ovos férteis durante o armazenamento
sobre a qualidade dos ovos de codornas de postura;

obter dados referentes as taxas de eclodibilidade e mortalidade na incubagao de ovos;
determinar caracteristicas morfologicas de peso do vitelo residual (g) e do
desenvolvimento dos 6rgdos (g) coragdo, intestinos, figado, proventriculo e moela
dos pintinhos recém-eclodidos;

avaliar o desempenho da incubagdo e da progénie em fun¢ao dos periodos curtos de

aquecimento durante o armazenamento de ovos férteis.
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II1- Influence of breeders age on initial embryonic development
(from 0 to 72 hrs) of Japanese quails during incubation

Artigo redigido conforme as normas da revista Brazilian Journal of Poultry Science

Abstract

The initial stages of early embryonic development (from 0 to 72 hours) were analyzed as a
function of the incubation period and age of the Japanese quail breeder. A total of 203
Japanese quails housed in 29 conventional laying cages with 5 females and 2 males at 31, 39,
48 and 59 weeks of age were used and the fertile eggs from these breeders (n= 15
age/incubation period) were selected and incubated immediately after laying and were
analyzed at 0, 24, 48 and 72 hours of incubation. The eggs were opened, and the embryos
were isolated, fixed in a 2.5% glutaraldehyde solution pH 7.4 PBS 0.1M, analyzed under a
stereomicroscope and classified according to the stage of development. The Eyal-Giladi and
Kochav (1975) scale was used to classify embryos in the 0-hour group, classifying embryos
in roman numerals from I to XIV and for the 24, 48 and for the 72-hour groups and it was
used the HH table of Hamburger and Hamilton (1951), which classifies embryos into 46
stages. For the incubation periods of 0, 24, 48, and 72 hours of incubation, the embryos
presented, on mean, the stages XI, HH 6.1, HH 12.7 and HH 18.5 respectively, with no effect

of breeder age. For the morphological characteristics of the eggs, it was observed that,
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between 31 and 59 weeks of age of the Japanese quail breeder, the eggs become longer and
wider, with greater weight, volume, and area. Therefore, it is concluded that the age of the
Japanese quail breeder influences the following egg quality parameters: weight, length,
width, volume, and area. On the other hand, it does not influence embryonic development up
to 72 hours.

Key-words : quails, embryo, egg.

Introduction

The artificial incubation process of fertile eggs is one of the main stages of the quail
production process (Romao, 2008). To improve this technique and ensure production
maximization, research is carried out on factors that influence the process of artificial
incubation of fertile eggs. One of the factors that influences this process is the age of the
breed, since over time, parameters related to the composition of fertile eggs and hatchability
rates change because of this factor (Nowaczewski ef al., 2010).

As the breeders age, internal and external components of the egg undergo
modifications, such as a reduction in albumen height and shell thickness (Samiullah et al.,
2016). In addition, during the aging period, there is an increase in the interval between
ovulations and the production of larger ovarian follicles, which leads to a reduction in the
laying rate and production of larger eggs (Zakaria et al., 1983). Larger eggs can cause
changes in embryonic development during the incubation period, and affect hatchability
rates, since larger eggs have greater difficulty in losing heat due to the reduction of the
thermal conductance of the shell, thus making it difficult to eliminate the metabolic heat

generated by the embryo (French, 1997).
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In general, this process of embryonic development in quails is comprised of two
phases, inside and outside the breeder. Inside the body of birds, the process begins when the
ovum is fertilized in the infundibulum and then several cell divisions take place. After
oviposition, the embryogenic process continues through evolution through the stages of
blastula, gastrula, neurula, organogenesis until the complete formation of the embryo
(Kamini & Galef, 2004). Each step of this process was described by Hamburger and
Hamilton (1951) in 46 stages.

Thus, this work aims to identify the stages of early embryonic development (from 0
to 72 hours) as a function of the age of the Japanese quail breeders, as well as morphological

characteristics of the eggs such as weight, volume, length, width, and area.

Materials and Methods

The research carried out was approved by the Ethics Committee on the Use of
Animals in Experimentation of the State University of Maringa/Maringa/PR according to
license number 8172270619. The experiment was carried out in the Coturniculture Sector
of the Fazenda Experimental de Iguatemi (FEI), of the Universidade Estadual de Maringa -

UEM located in the State of Parana (23°21'S, 52°04'W, at an altitude of 564 m).

Animals and Management

The birds in the experiment were housed in a conventional laying shed, laid out with clay
tile, floor and masonry side walls 1.20 m high, complete with wire mesh up to the roof and
movable side curtains. A total of 203 Japanese quails were used (145 females + 58 males),
which were selected by weight and posture (10.52 + 0.72 g), housed in a ratio of 5 females

to 2 males in galvanized wire cages (25 x39 cm) with nipple on top and trough-type feeder
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in front of the cages. The birds received food and water ad [libitum, with the laying diet
provided based on corn and soybean meal with 18.92% crude protein, 2.800 metabolizable
energy (kcal/kg), 2.99% calcium and 0.309% of Phosphorus (disp.), according to the
composition of ingredients and nutritional requirements of these birds in the laying phase
according to the Brazilian tables of poultry and swine (Rostagno et al. 2017). The lighting
regime adopted was 17 hours of light (natural + artificial) to maintain the posture stimulus
for the birds. The means of temperature, maximum (28.71 £+ 5.20°C) and minimum (19.24 +
3.26°C) as well as humidity, maximum (66.50 + 10.15°C) and minimum (65.02 £ 10. 98°C),

were measured using a digital thermohygrometer, daily, inside the shed.

Experimental design and egg collection

The treatments consisted of 04 breeder ages (31, 39, 48, 59 weeks). Every 60 days,
eggs from each treatment were collected immediately after laying (between 2:00 pm and 4:00
pm), weighed (mean weight + 5%), selected (eggs with shell problems were discarded). With
the aid of a digital caliper (Digimess, with a precision of 0.02 mm) the length and width of
the eggs were measured. Through these data, the variables volume (V) and surface area (SA)
of the egg were determined, calculated by the equations proposed by Narushin (2005): V =
(0.6057 — 0.0018) L x W2, where L = Egg Length (mm) and W = Egg Width (mm); SA =
(3.155 - 0.0136 x L + 0.0115 x W) x C x L, where SA = Egg Surface Area in (cm?), L =
Egg Length (mm) and W = Egg Width (mm) ). Then, 15 eggs were opened immediately after
laying and 45 eggs were incubated for 24, 48 and 72 hours in a vertical incubator

(Petersime®, Labo 13 model) at 60% humidity and 37.4 °C, with automatic turning.
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Embryo collection and analysis

At 24, 48, and 72 hours of incubation, 15 eggs of each treatment were removed from
the trays, opened, identified and the embryos were isolated, washed in phosphate buffer
solution and fixed in 2.5% glutaraldehyde solution pH 7.4 PBS 0.1M according to the
methodology described by Gupta and Bakst (1993). After collection, embryos were
transferred to the laboratory and analyzed under a stereomicroscope with a digital camera
and digital analysis software (MOTIC®). For classification of the embryos obtained
immediately after spawning we used the morphological criteria described in the tables of
Eyal-Giladi and Kochav (1975) that classify embryos in Roman numbers from I to XIV (the
number was converted as a corresponding Arabic number for statistical analysis) and for the
groups 24, 48 and 72 hours of incubation we used the table of Hamburger and Hamilton

(1951), which classifies embryos in 46 stages.

Statistical analysis

For statistical analysis each embryo and each egg were considered an experimental
unit. The data obtained were analyzed using PROC GLM of SAS (SAS Inc.) (2011) at 5%
level of significance to describe the influence of the age of the matrices and incubation hours

and in case of significant difference, the means were compared using Tukey's test (p<0.05).

Results

Table 1 shows the means of the variables weight (g), length (mm), width (mm),

volume (cm?) and total area of the eggs under study by age of the breeders (31, 39, 48 and
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59 weeks). The overall means of the eggs from the breeder breeds under study were 10.65 g
weight; 31.10 mm length; 24.47 mm width; 10.50 cm?® volume and 2.10 cm? total area.

The variables weight, length, width, volume, and area were influenced (p<0.05) by
the age of the breeder (Table 1). The 59 weeks old breeder produced eggs with the highest
weight (10.97 g). Breeder with 31 and 39 weeks of age presented lower weight means
statistically equal (10.57 and 10.48 g respectively) and the 39 weeks old breeder presented
weight of 10.67 g.

Regarding the length variable, the 59 weeks old produced the longest eggs (31.66
mm). Breeders at 31 and 39 weeks of age presented means of 30.98 and 31.28 mm,
respectively, and the eggs from 48-week-old birds had the shortest length (30.61 mm).

Regarding the width, eggs from 59-week-old hens had the greatest width value,
followed by the width values of eggs from 39, 48 and 31 weeks old, which averaged 24.68,
24.34 and 24.20 mm, respectively. For the volume variable, the lowest means were obtained
in eggs from 39, 31 and 48 weeks old breeders which were represented by the values of
10.73; 10.26 and 10.21 cm?, respectively. Older birds (59 weeks old) had the highest mean
represented by 11.07 cm?®.

Table 1 — Mean characteristics of eggs from 31, 39, 48 and 59 weeks old breeder.

Age Nurerggesr of W?gl‘;”ht Length (mm) Width (mm) V(Zlnlizr)le (I:rrr?)
31 145 10.57 b 30.98 bc 2420 b 10.26 be 2.08 be
39 77 10.67 ab 31.28 ab 24.68 ab 10.73 ab 2.13 ab
48 58 10.48 b 30.61 ¢ 2434 b 10.21 ¢ 2.06 ¢
59 58 10.97 a 31.66 a 24.96 a 11.07 a 2.18 a

Mean 10.65 31.10 24.47 10.50 2.10
SEM 0.044 0.083 0.065 0.069 0.008
P-value 0.004 0.001 0.0002 <0.0001 <0.0001

Legend: SEM: Standard error of mean; age of the breeders in weeks.
Equal letters do not present differences in the same column, different letters differ, by Tukey test.
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Breeders at 59 weeks of age produced eggs with the highest mean area represented
by 2.18 cm?. In contrast, 39 and 31 weeks old breeder produced eggs with lower means of
2.13 and 2.08 cm?, respectively. On the other hand, 48 weeks old breeder produced eggs with
an area of 2.06 cm?.

Regarding embryonic development, there was no effect of the age of the breeder
(p>0.05) on the incubation hours for the stages of embryonic development (Table 2).

Seventeen of the embryos collected immediately after laying were in stage X, twenty-
eight in stage XI (Figure 1), twelve in stage XII and three in stage XIII. Embryos in stage X
show the completed formation of the zone pellucida and a demarcated area between the zone
pellucida and the opaque area. At this stage the posterior-most region of the zone pellucida
remains as a transparent sickle shaped band.

The embryos from stage XI (Figure 1) to XIII, which are part of period C described
by Eyal-Giladi and Kochav (1975). In this work, seventeen in stage XI (Figure 1), twelve in
stage XII and four in stage XIII.

In stage XI (Figure 1), on the upper surface of the blastoderm there is a thin, smooth
layer through which layers of deeper cells can be seen. In front of the posterior section of the
opaque area is a transparent belt shaped area whose anterior edge is demarcated by a
relatively narrow concentration of horseshoe shaped cell clusters called Koller's sickle and
which from a morphological point of view comprises the beginning of the hypoblast.

In stage XII embryos the posterior transparent anterior belt is observed to which the
newly formed lower layer, the hypoblast, already coats half of the lower surface of the zone
pellucida. The hypoblast at this time is not completely continuous and appears to be formed

by the fusion of separate cell masses. In stage XIII, the posterior margin of the hypoblast is
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very pronounced on the ventral side and can also be seen on the dorsal side through the

transparent epiblast, with the appearance of a continuous upper surface.

Table 2 - Mean classification of embryos from Japanese quail breeders at 31, 39, 48 and 59

weeks of age incubated After Laying to 72 hours.

Hours of incubation

Number of  After

Age (weeks) embryos Laying 24 48 72

31 15 XI  HH6,26 HH 12,76 HH 18,5
39 15 XI  HH6,20 HH 12,09 HH 18,2
48 15 XI  HH6,00 HH 13,11 HH 18,6
59 15 XI  HH6,00 HH 13,10 HH 18,7
Mean Xl HH6,11 HH 12,74 HH 18,5

SEM 0,108 0,194 0,188 0,156

P-value 0,798 0,948 0,322 0,738

Legend: SEA: Standard error of mean

At 24 hours of incubation, two embryos were at stage HH3, four at stage HH4,

eighteen at stage HHS, fifteen at stage HH6 (Figure 2), seven at stage HH7, ten at stage HHS,

and four at stage HH9, most of which were found at stage HHS. The embryo when it reaches

stage HH3, the primitive line extends from the posterior margin to approximately the center

of the zone pellucida. When the HH4 stage is reached, the primitive line reaches its maximum

length, there is the presence of the primitive groove, the primitive fossa and Hensen's node,

and the zone pellucida takes on a pear shape. At stage HHS, the notochord also called "head

process" is visible and extends forward from the anterior border of the node of Hensen. In

stage HH6 (Figure 2) is considered a transitional stage and there are no somites, but the

development of the first fold of the embryo head occurs.

When stage HH7 is reached, the second pair of somites becomes visible and neural

folds are also visible in the head region. At stage HH8 the embryos have 4 pairs of somites,
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with neural pairs at the level of the mesencephalon. At stage HHO the optic vesicles are
present, and the paired primordia of the heart begin to fuse.

At 48 hours of incubation the embryos were between stages HHS to HH14, with most
of them found at stage HH12 (Figure 3) and HH13 (Figure 3). Two embryos were found at
stage HH8, nine at stage HH12 (Figure 3), twenty-four at stage HH13 (Figure 3), and fourteen
at stage HH14. Embryos at stage HH12 (Figure 3) have sixteen pairs of somites, a left lateral-
facing head, a closed anterior neuropores, an indicated telencephalon, primary optic vesicles,
and a well-established optic rod. When stage HH13 (Figure 3) is reached, they have nineteen
pairs of somites, the head becomes partially turned to the left, the cranial and cervical flexures
form wide curves, and enlargement of the telencephalon occurs. Stage HH14 is characterized
by the presence of 22 pairs of somites, the axes of the prosencephalon and rhombencephalon
form a right angle and the broad cervical flexure forms a curve.

When they reached 72 hours of incubation, the embryos were in stages HH17 to
HH20, with six in stage HH17, twenty-one in stage HH18 (Figure 4), nineteen in stage HH19
and thirteen in stage HH20. When the embryo takes shape from stage HH17, it reaches the
number of 29 to 32 pairs of somites, the leg buds become visible and there is an increase in
the wing bud. The cervical flexion becomes more pronounced than in the previous stages.
Stage HH18 (Figure 4) is characterized by the existence of 30 to 34 pairs of somites, the
trunk flexion changes to the lumbar region and there is the appearance of the allantoid, with
the amnion generally closed.

At stage HH19 the embryos have both wing and leg buds, the leg buds being slightly
larger than the wing buds. They have 37 to 40 pairs of somites that extend to the tail. Embryos

at stage HH20 have 40 to 43 pairs of somites, nearly symmetrical wing buds and
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asymmetrical leg buds, the rotation process is complete, and the eyes begin to show a light

grayish pigmentation.

Discussion

In general, the age of the breeders exerted an increase in the variables weight, length,
width, volume, and area of the eggs. This same effect was evidenced by Sauceda (2017) in
his work with semi-heavy layers of different ages (28, 65 and 110 weeks) found that young
birds of 28 weeks produced lighter eggs when compared to older birds at 65 and 110 weeks
of'age. In addition, Abanikannda and Leigh (2007) described that in chickens with increasing
age of the bird, egg weight, length and width increased. In Japanese quails, Nowaczewski et
al. (2010) described that there is an increase in egg size when the breeders reach 31 weeks of
age.

This happens because, as the broiler breeder's aging process occurs, eggs increase in
size and weight (Pedroso et al., 2005), the interval between ovulations increases, generating
a longer permanence time of the egg in the oviduct of the bird, thus enabling an increase in
the deposition of nutrients in the yolk and albumen (Vieira, 2001; Garcia et al. 2015).

The age of the matrix had no influence on embryonic development between 0 and 72
hours of incubation. In general, the embryonic development during the incubation process of
fertile eggs of Japanese quail without storage happens in 46 stages of morphological changes
in the embryo during the 17.5 days incubation period. According to Sellier et al. (2006) quail
embryos from eggs collected at the time of egg-laying (0 h) are at stage XI. For the 24 h
incubation period, Sellier et al. (2006) and Ainsworth et al. (2010) reported that stage HH6
is the embryonic developmental stage evident for Japanese quails in this period. In contrast,

Ainsworth ef al. (2010) evidence that for the 48-hour incubation period, Japanese quail
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embryos reach stage HH 12 or HH 13. For the 72-hour incubation period, Ainsworth et al.
(2010) reports that the Japanese quail embryo reaches stage HH18.

It has been reported that the age of the matrix only exerts influence on embryo
development in embryos from broiler and chicken matrices. According to Reijrink et al.
(2009), at the time of egg-laying, embryos from younger dams at 28 weeks of age reach the
EGK stage (Elyal-Giladi & Kochav, 1975) 9.22 while embryos from older dams at 61 weeks
of age reach the EGK stage 11,67. Furthermore, Damaziak et al. (2018) recorded that at 48
hours of incubation embryos from 70 weeks old reached the HH13 stage and embryos from
younger matrices at 49 weeks of age reached the HH12 stage. According to Fasenko et al.
(1992) this happens because older chickens tend to produce eggs in which the embryo is

more developed at the time of laying.

Conclusions
With increasing age of the Japanese quail breeder, the weight, length, width, volume,
and area of the eggs increase, with no effect on embryonic development between 0 and 72

hours of incubation.

References
Abanikannda OTF, Leigh AO. Allometric relationship between composition and size of
chicken table eggs. International Journal of Poultry Science 2007; 6(3) :211-217.

Ainsworth SJ, Stanley RL, Evans DJR Developmental stages of the Japanese quail. Journal

of Anatomy 2010 ; 216(1): 3-15.



52

Damaziak K, Paweska M, Gozdowski D, Niemiec J. Short periods of incubation, egg turning
during storage and broiler breeder hens age for early development of embryos, hatching
results, chicks quality and juvenile growth. Poultry Science 2018 ; 97(9): 3264-3276.

Eyal-Giladi H, Kochav S. From cleavage to primitive streak formation: a complementary
normal table and a new look at the first stages of the development of the chick. I. General
morphology. Developmental Biology 1976; 49(2):321-337.

Fasenko GM, Robinson FE, Hardin RT, Wilson JL. Variability in preincubation embryonic
development in domestic fowl. 2. Effects of duration of egg storage period. Poultry
Science 1992 ; 71(12) : 2129-2132.

French NA. Modeling incubation temperature: the effects of incubator design, embryonic
development, and egg size. Poultry Science 1997; 76(1): 124-133.

Garcia ERM, Avila LR, Cruz FK, Rosemary PPS, Natalia RB, William BF, Naiara NA.
Qualidade de ovos de codornas japonesas: efeito da idade da ave, temperatura de
conservagao e periodo de armazenamento. Arquivos de Ciéncias Veterinarias e Zoologia
da UNIPAR 2015; 18(4): 211-220.

Gupta SK, Baskt MR. Turkey embryo staging from cleavage through hypoblast formation.
Journal of Morphology 1993 ; 217(3) : 313-325.

Hamburger AG, Hamilton HL. A series of normal stages in the development of the chick
embryo. Journal of Morphology 1951; 88(1): 42-92.

Kamini NP, Galef BG Fertilized female quail avoid conspecific males: female tactics when
potential benefits of new sexual encounters are reduced. Animal Behaviour 2004 ; 68(1):
1411-1416.

Narushin VG. Egg geometry calculation using the measurements of lenght and breadth.

Poultry Science 2005 ; 84(3) : 482-484.



53

Nowaczewski S, Kontecka H, Rosifiski A, Koberling S, Koronowski P. Egg quality of
japanese quail depends on layer age and storage time. Folia biologica, Warsaw 2010 ;
58(1):3-4.

Pedroso AA, Andrade MA, Café MB, Leandro NSM, Menten JFM, Stringhini JH. Fertility
and hatchability of eggs laid in the pullet-tobreeder transition period and in the initial
production period. Animal Reproduction Science 2005 ; 90(3-4) : 355-364.

Reijrink TA, Meijerhof R, Kemp B, Graat EA, Van den Brand H. Influence of prestorage
incubation on embryonic development, hatchability, and chick quality. Poultry Science
2009 ; 88(12): 2649— 2660.

Rostagno HS, Albino LFT, Hannas MI, Donzele JL, Sakomura NK, Perazzo FG, Saraiva A,
Teixeira ML, Rodrigues PB, Oliveira RF, Barreto SLT, Brito CO. Tabelas brasileiras
para aves e suinos: composi¢ao de alimentos e exigéncias nutricionais. 4ed. Vigosa, MG/

UFV, 2017.

Romao JM. Avaliagdo da temperatura, umidade e vacinacdo in ovo na incubagao artificial de
ovos de codornas japonesas (Coturnix japonica). [Dissertation].Fortaleza (CE):
Universidade Estadual do Ceara; 2008.

Samiullah S, Omar AS, Roberts J, Chousalkar K. Effect of production system and flock age
on eggshell and egg internal quality measurements. Poultry Science 2016, 96(1): 246—
258.

Sauceda DR. Qualidade de ovos e metabolismo em poedeiras com diferentes idades e fitase
na dieta em Sistema organico. [Dissertation]. Porto Alegre (RS): Universidade Federal
do Rio Grande do Sul; 2017.

SAS Institute Inc. SAS/STAT® 9.4: user’s Guide. Cary, NC, 2011.



54

Sellier N, Brillar JP, Dupuy V, Bakst MR. Comparative staging of embryo development in
chicken, turkey, duck, goose, guinea fowl, and Japanese quail assessed from five. Journal
Applied Poultry Science Research 2006 ; 15(1) : 219-228.

Vieira SL Idade da matriz, tamanho do ovo e desempenho do pintinho. In: Conferéncia
Apinco de ciéncia e tecnologia avicolas; 2001; Campinas, Sao Paulo. Brasil. p. 117- 23.

Zakaria AH, Miyaki T, Imai K The effect of aging on the ovarian follicular growth in laying

hens. Poultry Science 1983 ; 62(4): 670-674.



55

‘

Koller's sickle 1000um

Figure 1- Japanese quail embryo collected at laying and classified in stage XI.
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Figure 2- Japanese quail embryo incubated for 24 hours in an artificial incubator at

37.4°C and classified at stage HH 6.
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Figure 3- Japanese quail embryos classified in HH stages between 12 and 13 with 48
hours of artificial incubation at 37.4°C.
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Figure 4 - Japanese quail embryo classified at stage HH 18 of development with 72
hours of artificial incubation at 37.4°C.
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IV - Effects of short heating periods during fertile egg storage
on quail embryonic development, incubation performance,
chick quality and chick performance up to 35 days of age

Artigo redigido conforme as normas da revista Brazilian Journal of Poultry Science

Abstract

The effects of preheating fertile Japanese quail eggs during storage were analyzed on
embryonic development, incubation performance, hatched chick quality and chick
performance up to 35 days of age. The experiment was carried out in a completely
randomized design in a 3 x 2 + 1 factorial scheme, totaling seven treatments, with 3
storage periods of 3.5, 6.5 and 9.5 days and two preheating periods of 0 and 4 hours at
37.5°C and 60% RH. Preheating was performed on the third day of egg storage inside the
incubator machine. The control treatment is the storage of 12 hours without heating the
fertile eggs. Egg storage for a period longer than six days caused an increase in the
percentage of yolk and shell, an increase in albumen pH, a reduction in the percentage of
albumen, a reduction in the hatchability rate and an increase in the embryonic mortality
rate. The heating of the eggs caused a reduction in the weight, length, and amount of
residual yolk of the newly hatched chick. There were no effects of preheating fertile eggs
of Japanese quails during storage on the variables under study. Therefore, the protocol of

preheating for 4 hours at 37.5°C and 60% relative humidity during the storage period does
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not produce improvements in incubation rates or chick quality in Japanese quails, and

further studies are needed to determine the best protocol for preheating for Japanese quail.

Key-Words: embryo, hatch, preheating and progeny.

Introduction

Incubation is an important step in the production chain of quail and its
performance depends on a number of environmental factors, with emphasis on the storage
period of the fertile eggs. Longer storage periods can reduce chick quality (Tona et al.,
2003), decrease hatchability rates (Fasenko ef al., 2001) and increase embryonic mortality
(Schmidt et al., 2009). Studies in quails have reported that hatchability of fertile eggs can
be reduced by 02-03% after 04 days of storage even under ideal conditions (Imai et al.,
1986).

There is scientific evidence that prolonged storage periods induce cell death by
necrosis and apoptosis, delay the recovery of embryonic growth, even under ideal
incubation conditions resulting in a slow embryonic growth rate (Fasenko, 2007), with
more than half of the cells that were present during egg laying dying after 10-12 days of
storage (Bakst et al., 2012). In addition, in this period some changes occur in egg
characteristics such as: elevation of albumen pH (Gharib, 2013), reduction in Haugh Unit
and egg weight (Uyanga et al., 2020). These changes are responsible for negatively
affecting the viability of the embryo.

Considering this, the egg heat treatment technique was developed, which consists
of applying short incubation periods during the storage period in order to minimize the
negative effects of prolonged storage on incubation performance. The application of this
technique allows the embryo to reach the hypoblast stage, considered a stage of

development more resistant to the storage period (Reijrink et al., 2009), thus improving
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hatchability rates, quality of incubated birds and causing a reduction in total and early
embryonic mortality rates for eggs from chickens, poultry and turkeys (Abdel-Halim et
al., 2015; Fanseko et al., 2001; Gucbilmez et al., 2013). However, application of this
technique before and during storage of fertile eggs of Japanese quails does not provide
such comprehensive results and requires further studies (Damaziak et al., 2021; Petek M.
& Dikmen, 2004).

In view of this, we aimed to investigate the influence of the Prewarming technique
of fertile eggs during the storage period on egg quality, embryonic development of
Japanese quails, incubation performance, quality of hatched chicks and chick

performance up to 35 days of age.

Materials and Methods

The research carried out was approved by the Ethics Committee on the Use of
Animals in Experimentation of the State University of Maringa/Maringa/PR according to

license number 4117071220.

Animals and management

The experiment was conducted at the Fazenda Experimental de Iguatemi (FEI) of
the Universidade Estadual de Maringa - UEM located in the state of Parana (23°21'S,
52°04'W, altitude of 564 m). The research was developed in the months of February,
March and April which comprises the following seasons of the year: summer and fall.

It was used 800 Japanese quails (600 females + 200 males) at 15 weeks of age,
selected by weight and laying, housed at the ratio of 6 females to 2 males in metal
galvanized iron cages (25 x 39 cm) with nipple drinkers and trough feeders. The lighting

management provided was 17 hours of light (natural + artificial) to maintain the birds'
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laying stimulus. During this period, feed and water were provided ad /libitum, and the
laying diet was formulated based on corn and soybean meal (Table 1), according to the
composition of ingredients and nutritional requirements of these birds in the laying phase
in accordance with the Brazilian tables of poultry and swine (Rostagno et al., 2017). The
mean temperatures, maximum (34.43 + 1.82°C) and minimum (24.40 + 4.11°C) as well
as humidity, maximum (65.81 + 7.44°C) and minimum (50.71 + 7.70°C), were measured

using a digital thermo-hygrometer, daily, inside the laying house.

Egg Collection and Storage

For each storage period (12 hours, 3.5, 6.5, and 9.5 days), 200 eggs were collected
from the breeders immediately after laying (between 14 and 16 hours) at intervals of every
three days. These eggs were selected by weight, size, and quality (very small eggs, broken
or cracked eggs, soft shells were discarded) and stored in an air conditioned refrigerated
room. The mean temperatures in the digital thermometer were: maximum (20.59 +
0.51°C) and minimum (19.43 £ 0.59°C) as well as humidity, maximum (69.48 + 5.53°C)

and minimum (53.51 + 5.67°C).

Experimental design and egg Prewarming

The experimental design used was entirely randomized in a 3 x 2 + 1 factorial
scheme (days of storage X hours of Prewarming), totaling seven treatments of 200
eggs/treatment plus a control treatment with 12 hours of storage and no Prewarming. Egg
storage days consisted of 3.5, 6.5 and 9.5 days. These eggs were stored in the egg storage
room at an mean temperature of 20°C, and on the third day of storage for each period
these eggs were pre-warmed for 0 or 04 hours inside automatic incubators that were set

at 37.5°C air temperature and 60% relative humidity. Afterwards, the warmed eggs were
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cooled until they reached a temperature of £24°C and then returned to the egg storage

room with a temperature of 20°C until the incubation process started.

Egg albumen pH analysis and egg quality

To estimate the changes in egg albumen pH, 20 eggs/treatment were used on the
day of incubation. In this measurement process, the pH meter electrode was standardized
using pH 7.00 buffer solution and the pH of the egg albumen was measured using the
digital pH meter probe (Simpla, model pH140). Between measurements the probe was
cleaned with distilled water.

To estimate changes in egg quality, 20 eggs/treatment were randomly weighed on
the day of incubation. The following variables were analyzed: av egg weight (g); shell
(%), albumen (%) and yolk (%); albumen and yolk height (mm), Haugh Unit (HU), yolk
index (GI) and specific gravity (g/ml).

The eggs were identified, weighed on precision electronic scales and then the
specific gravity (g/ml) was determined. The height of the albumen (mm) and yolk (mm)
were measured using a digital pachymeter (Digimess, accurate to 0.02 mm) to calculate
the Haugh Unit (HU) and yolk index (GI). The Haugh Unit was determined according to
the equation proposed by Haugh (1937): HU = 100 log (H + 7.57-1.7 W%37), where: HU
= Haugh unit; H is the height of the albumen (mm) and W represents the weight of the
egg (g). The yolk index was determined by the relation between yolk height (mm)/yolk

diameter (mm).

Analysis of embryonic development

Twenty eggs were collected from each treatment to analyze the stage of embryonic

development after the storage periods (12 hours, 3.5, 6.5 and 9.5 days). For this, embryos



62

were washed in phosphate buffer solution and fixed in 2.5% glutaraldehyde pH 7.4 0.1M
PBS solution (Gupta & Bakst, 1993). After washing, fixative was added over the embryo
and after a few minutes the embryo was isolated and stored in the same fixative solution.

After collection, the embryos were analyzed under stereomicroscope with digital
camera and coupled digital analysis software (MOTIC®) in the laboratory and then the
developmental stages were identified from the scale described by Eyal-Giladi and Kochav
(EGK) (1975), which classify the embryos in Roman number from I to XIV and the

number was converted as a corresponding Arabic number for statistical analysis.

Incubation performance analysis, progeny quality and morphological
analysis

After the end of the storage period (12 hours, 3.5, 6.5 and 9.5 days) the eggs were
incubated in an automatic incubator (Petersime®, Labo 13 model) adjusted to 60%
humidity and 37.4 °C temperature, with automatic turning every 60 minutes (capacity
3.978 eggs). After 348 hours of incubation, the eggs were transferred to the hatcher
(Petersime®, Labo 9 model) for another 72 hours adjusted to 37.0°C and 70% humidity.
After the end of the incubation process, hatched and unhatched eggs were counted and
the incubation variables were calculated as total hatchability rate, early, mid and late
mortality rate. Unhatched eggs were opened to determine the mortality rate, classified
into total mortality and by period (initial + average: 0-11 d and late: 12 d until hatching +
pecked shell eggs not hatched). The following equations were used to obtain these
indices:

Total Hatchability Rate (%) = (hatched chicks (n) / incubated eggs (n)) x100;

Total mortality rate (%) = (total non-hatched chicks (n) / fertile eggs (n)) x 100;
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Initial mortality rate (%) = (total early unhatched chicks (n) / fertile eggs (n)) x
100.

Late mortality rate (%) = (total late unhatched chicks (n) / fertile eggs (n)) x 100.

To determine progeny quality, 50 chicks per treatment were collected after
hatching and classified according to the Pasgar® score, which gives a score from 1 to 10
for criteria related to reflexes, umbilical scar quality, beak, abdomen, belly button and
legs, deducting one point for each irregularity found (Boerjan, 2002). The weight (g) of
the newly hatched chick and the length was measured from the middle phalanx to the
beak using a metric ruler.

After hatching, 20 chicks of 01 day of each treatment were sedated with isoflurane
(3%) inhalation solution and after unconsciousness was verified by loss of reflexes, the
birds were sacrificed by cervical dislocation. Then, to determine morphological
developmental characteristics, the following data were collected: calf weight (g) and

viscera weight (mg) (heart, intestine, liver, proventricle and gizzard).

Progeny productive performance

Eggs were incubated under the same conditions mentioned above and after
hatching, the chicks (mixed flock) were selected and distributed according to the
treatments in an entirely randomized design, with six treatments and a control treatment
(with 12 hours of storage and no heating) with four experimental units (box) of 20 birds
to evaluate the productive performance. Daily weight gain (DWG, g), daily feed
consumption (DFC, g) and feed conversion rate (FCR) were evaluated from 01 to 35 days

of age and also separated into broiler (01-14 d) and rearing (15-35 d) phases.
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The selected chicks were housed in a conventional house equipped with boxes
(2.5 x 1 m) with rice husk bed. In the first weeks, infant water fountains were used, and
in the following weeks, water was supplied through pendular water fountains. The heating
in the first 15 days of the birds was done using infrared lamps to maintain the initial
temperature of 35°C, and later the temperature was reduced until reaching room
temperature. Feed was provided in a tubular feeder ad libitum and the birds were kept
during this period under natural lighting. The diet provided was the same for all
treatments, evaluating in this period only the residual effects of storage and preheating
applied to the eggs. The diets provided in the rearing and rearing phases (Table 1) were
formulated based on the nutritional requirements for quails in the Brazilian poultry and

swine tables (Rostagno et al., 2017).

Statistical Analysis

Egg quality, chick quality and progeny performance data were analyzed by
analysis of variance (ANOVA) using PROC GLM of SAS (SAS Inc.) (2011) at 5% level
of significance to describe the influence of preheating and days of egg storage. The means
of the treatments stored with and without heating were compared with the mean of the
control treatment by the Dunnett test at 5% significance also in the SAS program.

The probability of fertility or infertility, hatchability, or total mortality and initial
or late mortality were analyzed in GENMOD procedures of SAS, with binomial
distribution and LOGIT link function. The averages of total hatchability, fertile eggs and
total mortality of the stored treatments with and without heating were compared with the

average of the control treatment by contrast analysis at 5% significance in SAS.
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Results

For all parameters of egg quality, embryonic development, incubation
performance, organ morphometry, quality and productive performance of the progeny
there was no effect of the interaction preheating and days of storage (p>0.05).

Egg Quality

Egg weight decreased as a function of days of storage and Prewarming, Haugh
Unit decreased as a function of Prewarming, yolk index decreased as a function of
Prewarming, albumen (%) decreased, yolk (%) increased and shell (%) increased due to
the effect of days of storage (p<0.05). Finally, albumen pH increased as a function of
storage days and preheating (p<0.05) (Table 2).

When comparing the results obtained through the analysis of internal and external
quality of eggs stored for 3.5, 6.5 and 9.5 days pre-heated or not, with the control group
(12 hours storage without preheating) through the Dunnett test, it was observed that for
the variable egg weight only the egg storage for 3.5 days did not present inferior and
significant results (p<0.05). Regarding the gravity and yolk index, eggs submitted to
storage for 3.5, 6.5 and 9.5 days pre-heated or not showed inferior results to the control
group (p<0.05).

For the variable Haugh Unit, only eggs that were subjected to 9.5 and 6.5 days
storage and that were subjected to the prewarming process showed lower values than the
control group (p<0.05). The albumen (%) of the eggs submitted to 9.5 days storage
without Prewarming, as well as the eggs that were submitted to Prewarming and stored
for 3.5, 6.5 and 9.5 days showed significant lower results than the control group (p<0.05).
In relation to the shell (%) and yolk (%) variables, only the eggs submitted to preheating

and stored for 3.5, 6.5 and 9.5 days showed significant higher results than the control
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group (p<0.05). pH values of the albumen of eggs stored for 3.5, 6.5 and 9.5 days, either
pre-warmed or not, showed higher and significant results than the control group (p<0.05).
Embryonic development

Regarding embryonic development, there was no effect of the interaction
preheating and storage days for the stages of embryonic development, as well as no effect
of storage days. However, preheating at 37.5°C for 04 hours accelerated the stage of
development (p<0.05) (Table 2). The embryos moved from stage XI to XII on average.

The embryos that were not pre-warmed were twelve in stage X (Figure 1), sixty-
two in stage XI (Figure 1) and six in stage XII (Figure 2). The embryos that were pre-
warmed for 4 hours at 37.5°C were eleven in stage XI, forty-one in stage XII, and eight
in stage XIII (Figure 2). The embryos in stage X present a completed formation of the
zone pellucida, with a clearly demarcated region between the zone pellucida and the
opaque area. The most posterior region of the zone pellucida remains as a transparent
sickle-shaped band.

Embryos found at stages XI and XII, on the other hand, are classified as period C
constituents as described by Eyal-Giladi and Kochav (1975). At stage XI, embryos have
on their upper surface of the blastoderm a thin and thin layer through which deeper
concentrations of cells can be seen. On the ventral side of the blastoderm there is a
posterior section of the opaque area resembling a transparent belt, where the anterior
border is demarcated by a concentration of several individual and distinctly sized groups
of cells. Together they assume the horseshoe shape that is called Koller's sickle, which
comprises the beginning of the hypoblast.

When stage XII is reached, the hypoblast is already visualized covering half of the
lower superficial layer of the zone pellucida, presenting a discontinuous form with the

appearance of formation through the fusion of segmented cell masses. In stage XIII, the
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posterior margin of the hypoblast is very pronounced on the ventral side and can also be
visualized on the dorsal side through the transparent epiblast, with an aspect of continuous
upper surface.

Incubation performance, organ morphometry, quality, and production
performance of progeny

For the incubation performance variables, there was no significant difference for
the interaction preheating and days of storage (Table 3). However, the days of egg storage
caused significant reduction in the probability of total and fertile hatching and increase
for total mortality (p<0.05). The variables fertility and infertility rates, early+mid and
late+hatch mortality, were not influenced by any of the factors under study.

Contrast analysis showed that fertile eggs stored for 3.5, 6.5 and 9.5 days
submitted or not to the preheating process presented lower results for total and fertile
hatching and total mortality rates when compared to the control group (12 hours storage
without preheating).

The variables related to progeny quality (chick weight, length and Pasgar® score),
residual yolk sac weight and organ morphometry (heart, intestine, liver, proventricular,
and gizzard weight) obtained on the first day of chick life were not influenced by the
interaction preheating and days of storage (Table 4). However, preheating influenced the
reduction in chick weight, length, and residual yolk sac weight (p<0.05).

The progeny from eggs that were not subjected to pre-incubation heating during
storage showed higher values of weight (7.09g), length (11.18 mm) and residual yolk sac
(0.37 g). On the other hand, when eggs were subjected to preheating, there was a reduction
in weight (6.82g), length (10.67 mm) and residual yolk sac (0.28g) values of the progeny.

When compared by Dunnett's test the results of progeny quality, residual yolk sac

weight and organ morphometry of newly hatched chicks from eggs stored for 3.5, 6.5 and
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9.5 days pre-heated or not with the results of the same variables of chicks from eggs from
the control group (stored for 12 hours without preheating), it was possible to verify that
chicks from eggs stored for 3.5, 6.5 and 9.5 days submitted to the preheating process
showed lower and significant results for the variables weight and length (p<0.05).
Regarding residual yolk sac weight, chicks from eggs stored for 3.5, 6.5 and 9.5 days pre-
heated or not showed lower and significant results than the control group (p<0.05).

The heart weight of newly hatched chicks from eggs stored for 3.5, 6.5 and 9.5
days showed significantly lower results than the control group when the eggs were pre-
warmed (p<0.05). The intestinal weights of chicks from eggs stored for 9.5 days without
Prewarming and eggs stored for 3.5, 6.5 and 9.5 days with Prewarming showed
significantly lower results than the control group (p<0.05). Finally, the gizzard weight of
newly hatched chicks was significantly lower than the control group when eggs were
subjected to storage (of 3.5, 6.5 and 9.5 days) and preheating (p<0.05).

The productive performance of the progeny from eggs subjected to the preheating
process during the storage period (Table 5) was not affected by the interaction of storage
and preheating days in the phases 01 to 14 d, 15 to 35 d and 01 to 35 d. Therefore, there
was no significant effect on weight (g), weight gain (g), feed consumption (g) and feed
conversion (g/g) of the birds in relation to the days of storage and the preheating process.
At 35 days on average, the Japanese quails had weight of 138.50 g/bird, accumulated feed

consumption of 454.04 g/bird and FC of 3.61 g/g.

Discussion

In the present study, the eggs that showed higher average weights were those
stored for less time and that were not subjected to the preheating process. Similar effect

to that found by Ondrusikova et al. (2018), who evaluated the average weight of quail
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eggs during storage of 08 days found that there was a gradual reduction in weight from
12.27 to 11.67 g. Nowaczewski et al. (2010) also found that the weight of quail eggs
reduced after storage (03, 05 and 08 days) at 19 °C temperature and 50-55% relative
humidity compared to freshly laid eggs. The weight loss of eggs during this period is
related to the loss of water in eggs that happens through evaporation and varies depending
on factors such as storage period and ambient temperature (Pombo, 2003), so eggs
subjected to Prewarming during storage also showed lower weight.

In this study, egg weight suffered significant effect of preheating, resulting similar
to that evidenced in the study of Abdel-Halim et al. (2015), in which eggs that were heated
for 06 hours preheating and stored for 21 days obtained significantly higher percentage
of egg weight loss.

In addition to weight loss, there is a reduction in the specific gravity of Japanese
quail eggs when they have been stored and subjected to the preheating process.
Nowaczewski et al. (2010) found lower specific gravity in Japanese quail eggs stored for
05 to 08 days in a refrigerated environment compared to eggs examined on the day of
laying, with a reduction in gravity of 1.065 to 1.039 g/cm?3. This decrease in specific
gravity also occurs due to the loss of water from eggs after laying, as a result of the
evaporation process, which causes a progressive increase of the air chamber and
consequently, the reduction of the egg specific gravity (Santos ef al., 2009; Freitas et al.,
2011).

The Haugh Unit was another variable that also suffered a decrease according to
the days of egg storage, effect was similar to that found by Marinho (2011), who evaluated
the quality of quail eggs subjected to the storage process for 30 days, and inferred that
there was a linear decrease in the HU values with the increase of egg storage time right

after laying (89.52 to 81.17). HU is generally used to measure the degree of albumen
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deterioration during prolonged egg storage periods (Zita et al., 2012). Therefore, the drop
in HU values may be related to the decrease in albumen volume due to water and carbon
dioxide losses, which also causes the pH to change, leading to gradual liquefaction of the
albumen, accentuating the decrease in this structure (Lopes et al., 2012).

Significantly lower yolk index results were also evident in eggs that were
subjected to Prewarming. This reduction is due to the preheating temperature to which
the eggs were subjected during the storage period. According to Souza and Souza (1995)
the temperature elevation during storage causes water transfer from the albumen to the
yolk, promoting its enlargement and reduction in height, and with this occurs a reduction
in the value of the yolk index. Elmenawey (2019) found that there was a significant
reduction in the yolk index of fertile eggs stored for 05 days and subjected to preheating.

Regarding the percentage of albumen of eggs in this study, there was a reduction
as a function of storage days. According to Marinho (2011), this modification occurs in
Japanese quail eggs when subjected to long periods of storage, even in refrigerated
environments, due to the increase in the index and percentage of yolk, due to the
denaturation of the ovomucin protein, resulting in the migration of water from the
albumen to the yolk, thus raising the percentage of egg yolk. In addition, it was possible
to verify in this study an increase in the percentage of eggshells. According to Melo
(2015), the reduction in the percentage of shell in eggs occurs due to the decrease in the
weight of albumen with the increase of the storage period, making the shell represent a
larger proportion of the egg.

In the present study, the pH of albumen became more alkaline with storage and
already at 3.5 days of storage it increased from 7.70 to 9.18. At the end of the storage
period it reached a value of 9.38. In addition, there was an increase from 9.24 to 9.35 in

the pH of the albumen when the eggs were subjected to preheating. The increase in pH
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values of the albumen during storage is directly related to the loss of carbon dioxide to
the environment outside the egg. H>CO3, one of the components of the buffer system of
the albumen, dissociates forming water (H20) and carbon dioxide (CO2) (Santos et al.,
2016). The COz is released to the environment, occurring an increase in the pH of the
albumen. Marinho (2011) evidenced in his study that there was an increase from 9.33 to
9.80 in the pH of quail eggs stored even under refrigeration during the 30-day period.

Ozlii et al. (2018) reported that heating eggs for a short period of time during
storage had no influence on egg albumen characteristics. However, eggs stored for 14
days at temperatures of 12, 15, and 18°C presented increases in albumen pH values of
9.35, 9.39, and 9.42, respectively, as a function of storage days.

Regarding the stage of embryonic development, on average, stage XI was found
at the time of egg laying, with advancement to stage XII after preheating of fertile eggs.
Studies developed by Sellier ef al. (2006) showed that at the time of laying the most
common stage of embryonic development in Japanese quails is stage XI. From this point
on, unless adequate incubation temperatures (37.4°C) are provided, the embryo will not
continue the embryonic development process.

According to Ozlii et al. (2018), when eggs are pre-warmed the progress in
embryonic development stage depends on the total exposure time of eggs to heating. The
authors preheated fertile broiler eggs during storage and during this period maintained the
eggshell temperature above 32°C for 3.5 hours and found that eggs subjected to
preheating reached more advanced developmental stage (EGK 11.14) than eggs in the
control group that were not preheated (EGK 9.51).

Dymond et al. (2013) also inferred that there is progression in embryo
development after Prewarming fertile eggs during the storage period. According to the

authors, embryos at the time of oviposition were at the (EGK 10.5) stage and when
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subjected to Prewarming for 06 hours at 37°C, embryos from broiler breeders advanced
to stage XIV (EGK 14), in which hypoblast formation is complete. According to Rejrink
et al. (2010), the beneficial effect of preheating during the storage of fertile eggs consists
in the fact that the use of this technique allows the embryo hypoblast formation to be
completed, thus making the embryo less sensitive to changes in the pH of the albumen.

The days of egg storage caused a significant reduction in the probability of total
and fertile hatching and an increase for total mortality (p<0.05). According to Roriz ef al.
(2016), longer egg storage periods cause a reduction in hatchability rates due to the weight
losses that occur in the eggs during this period, and higher loss rates are verified when
these are subjected to 10 days of storage, therefore the greater weight loss of the eggs
may be related to the worsening in the hatchability rate.

In a study of Japanese quail breeders, Petek and Dikmen, (2004) found lower total
hatchability and fertility rates when eggs were stored for longer periods. In addition, the
authors found that there is no influence of storage days, nor of the interaction storage days
and preheating on initial+mid and late+shell mortality rates. Aygun and Sert (2013),
evaluating the hatchability of fertile eggs of Japanese quails, found that eggs stored for
14 days had hatchability rates of 88.27 % significantly lower than eggs stored for 07 days,
with this rate represented by 91.54 %. Hamza et al. (2020), found that storage of broiler
breeder eggs for a longer period of 14 days compared to 04 days storage also resulted in
significant linear decrease in hatchability of fertile and total eggs, showing higher
percentage of total embryonic mortality.

Differently from the present experiment, to obtain good hatching results for eggs
from Japanese quails stored for long periods of storage starting from 12 days, Damaziak
et al. (2021) adopted the following protocol: Prewarming the eggs (at a temperature of

37.8°C and relative humidity between 50-55%) for a total time of 16 hours over 12 days
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of storage (eggs being warmed on the fifth day of storage for two hours, on the seventh
day of storage for 03 hours, on the ninth day of storage for 05 hours, and on the eleventh
day for 06 hours) with concomitant turning of the eggs applied every 12 hours throughout
the entire period. Reijrink et al. (2009) state that the application of Prewarming when
eggs are stored for short periods does not affect hatchability rates. In addition, the
adoption of the protocol of heating quail eggs at 37°C for a short term of 06 hours before
storage is also configured as a technique that can increase total hatchability (Lotfi et al.,
2011).

The birth weight of Japanese quails is directly related to egg weight (Grzegrzotka
& Gruszezynska 2019; Chimezie et al., 2020). Therefore, the lower weight values of
newly hatched chicks obtained in this research are related to egg weight. The eggs that
were subjected to the preheating process, showed the highest weight loss. According to
Silva et al. (2008), the application of preheating increases the rates of water loss in eggs
through the evaporation process. Gharib (2013) verified in his study that broiler breeder
eggs when heated for 09 hours during pre-storage showed a higher percentage of weight
loss compared to those that were not heated.

In the present study, there was a reduction in newly hatched chick length when
eggs were pre-warmed. Goliomytis ef al. (2015) found that newly hatched chick length is
directly related to egg weight. Schadeck (2020) identified that chicks from broiler breeder
breeds with higher weights have greater lengths. Wolanski et al. (2006) also found a
correlation between chick birth weight and its respective length. In addition, chicks from
pre-warmed eggs had lower residual yolk sac weights indicating that they absorbed more
yolk. Lin et al. (2017) observed a significant reduction in chick length and residual yolk
sac weight when eggs from broiler breeder breeds were subjected to 29.4°C preheating

temperature during storage.
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During the morphological analysis, the factors under study had no influence on
the weight of the following organs: heart, intestines, liver, pro-entricle and gizzard.
According to Silvério (2016), the storage periods of 03, 06 and 09 days of eggs have no
influence on the relative weight of the variables proventricle, gizzard, liver and intestines.
In addition, Reijrink et al. (2010) found no interactions for organ weights in the
morphometric evaluation of chicks from eggs stored during the period from 04 to 14 days.

The productive performance of the progeny was not influenced by the days of
storage and preheating in this study. Lesuisse et al. (2017), found that the performance of
progeny in the field is influenced by variables related to the age and nutrition of the sows,
since the diets provided in the laying phase have a direct effect on the performance of the
progeny. Studies developed by Bonagurio (2017) demonstrated that the supplementation
of Cantaxanthin (Cx) associated with the metabolite 25-hydroxycholecalciferol (25-
(OH)D3) in the nutrition of quail breeder with ages between 32 and 38 weeks, induces the
production of chicks with longer length, better Pasgar® score and better progeny
performance. Furthermore, progeny performance is related to the weight of incubated
eggs, however this effect is only observed until 07 days of age. Gonzéles ef al. (2011)
found that there was a positive correlation between chick weight at 07 days with body
length at hatching and egg weight. Yang et al. (2021) indicated that egg storage (0 to 14
days) decreases egg weight and offspring body weight.

Several factors that affect the environment to which the embryo is exposed before
laying or before hatching are also capable of being able to affect the development of the
progeny. According to Santana (2019), birds raised under stress conditions showed lower
weight gain than birds raised under comfort conditions. The performance of broiler
progeny subjected to 10 days storage and exposed to the preheating treatment of 37.77

°C for 3.5 hours showed significant improvement in live weight and body weight gain
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when compared to eggs that were stored but not subjected to preheating (Sowlem et al.,
2021).

The results in this study highlight the need for future experiments with
Prewarming during storage of fertile Japanese quail eggs to clarify the impacts of the

protocol more accurately on egg and chick quality.

Conclusions

It is concluded that the use of preheating at 37.5°C for 04 hours on the third day
of storage in the pre-incubation period in eggs stored for up to 9.5 days has no influence

on egg quality, incubation performance and progeny performance.
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Table 1- Composition of experimental diets for quails in the initial phase, in growth and
laying.

Growth

Ingredients (%) Initial Growth Laying

(1-14d) (15-28 d)
Corn 54.03 58.55 61.30
Soybean Meal (45% PB) 38.90 35.94 28.88
Soy Oil 2.23 1.28 0.21
Dicalcium Phosphate 2.20 1.75 1.11
Limestone 1.05 0.89 6.78
Salt 0.43 0.46 0.27
DL-Methionine (99%) 0.15 0.12 0.25
L-Lysine HCI (78%) 0.01 0.01 0.38
Vitamin—mineral (Premix)"? 1.0 1.0 0.40
Inert (Kaolin) - - 0.40
Calculated Composition
Crude Protein 22.00 21.00 18.92
Metabolizable Energy (Kcal/Kg) 2.900 2.900 2.800
Met (dig.) 0.447 0.41 0.517
Met+Cys (dig.) 0.744 0.69 0.942
Lys (dig.) 1.095 1.03 1.149
Sodium 0.205 0.21 0.147
Calcium 1.092 0.91 2.99
Phosphorus (disp.) 0.513 0.43 0.309

Provided per kg of product in the diet of chicks in the starter and growth stages — Vitamin A 931.000 1U;
Vitamin D3: 189.000 IU; Vitamin E: 1500 mg; Vitamin K3: 156 mg; Vitamin B1: 150 mg; Vitamin B2:
500 mg; Vitamin B6: 310 mg; Vitamin B12: 1200 mg; Calcium Pantothenate: 1250 mg; Niacin: 3000 mg;
Folic Acid: 75 mg; Biotin: 4 mg; Choline: 45 g; Zinc: 5 g; Iron: 5 g; Manganese: 6.05 g; Copper: 600 mg;
Iodine: 77.5 mg; Se: 25.7 mg; Zinc Bacitracin: 2200 mg; Butyl Hydroxy Toluene (BHT): 1500 mg; Q.S.P
Vehicle (Kaolin) 1.000 g/Kg.

2 Supplied per kg of product in the diet of breeders in the laying phase — Vitamin A 2.500.000 IU; Vitamin
D3: 500.000 IU; Vitamin E: 6.250 mg (equivalent to 25 mg/kg of feed); Vitamin K3: 750 mg; Vitamin B1:
625 mg; Vitamin B2: 1500 mg; Vitamin B6: 1250 mg; Vitamin B12: 5000 mg; Calcium pantothenate:
3.000mg; Niacin: 6000mg; Folic acid: 250 mg; Biotin: 50 mg; Choline: 75 g; Zn: 13 g; Fe: 13 g; Mn: 15 g;
Cu: 3000 mg; I: 250 mg; Co: 50 mg; Se: 63 mg. Butyl Hydroxy Toluene (BHT): 1.000 mg.
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Table 2- Quality and embryonic development in eggs submitted to preheating before incubation and different storage periods in Japanese

quails (n=20).

Preheating  Storage Egg Spemﬁ ¢ Haugh Yolk beg Shell pH EGK
(h) (days) weight Gravity Unit (%) Index  Albumen  Yolk (%) albumen  Stage
(2 (g/ml) (%) (%) (%)
Control (12h) 10.78 1074.25 89.25 0.50 62.27 30.01 7.75 7.70 11.00
0 3.5 10.34 1061.50%* 88.07 0.45%* 60.11 31.88 8.02 9.18* 11.00
6.5 10.29*  1061.50* 87.48 0.43* 59.81 31.97 8.12 9.20* 11.12
9.5 9.65* 1061.50%* 86.92 0.42%* 57.82%* 33.28 8.18 9.28* 11.07
4 3.5 10.15*  1061.25%* 86.74 0.42%* 57.00%  34.13*  8.35%* 9.35* 12.00
6.5 10.00*  1061.00%* 85.22% 0.41%* 58.43*%  34.32*%  8.63* 9.38* 12.05
9.5 9.41* 1060.50* 85.26* 0.41* 56.60%*  34.49*  8.80* 9.41* 12.00
Mean 10.09 1063.04 87.00 0.44 58.91 32.83 8.27 9.07 11.46
SEM 0.059 0.452 0.365 0.005 0.405 0.377 0.062 0.050 0.060
Preheating (h)
0 10.09a  1061.41 87.52 a 0.44 a 58.38 33.38 8.26 9.24b 11.06 a
4 9.85b 1060.91 85.74b 041b 58.28 33.25 8.47 935a 12.00 b
Storage
(days)
3.5 10.24a  1061.37 86.65 0.43 59.97a 3192Db 8.10b 9.23b 11.50
6.5 10.15a  1061.12 87.10 0.42 58.14ab 33.69ab 824b 9.29ab 11.57
9.5 9.53b 1061.00 86.07 0.42 56.80b 34.40 a 8.75a 9.38a 11.53
P-value
Preheating 0.020 0.243 0.026 0.037 0.973 0.809 0.082 0.001  <0.0001
Storage <0.0001 0.766 0.833 0.325 0.012 0.041 <0.0001  0.001 0.815
Interaction 0.923 0.710 0.567 0.526 0.869 0.851 0.953 0.310 0.906

Description: Storage: storage; EGK: stage of embryo development according to Eyal Giladi and Kochav (1976); SEM: standard error of mean; Preheating: preheating.

a-b Equal letters show no difference in the same column, different letters differ from each other, by Tukey's Test.

* Mean of treatments stored with and without heating were compared with mean of the control treatment by Dunnett's test.



84

Table 3 — Incubation performance of eggs submitted to preheating before incubation and different storage periods in Japanese quails.

Number of Total Fertile Mortality
Eggs Fertility Infertility hatchability hatchability Total (%) MI M2
Control (12h) 200 97.50 2.50 90.00 92.30 7.70 46.68 53.32
Preheating (h)
0 525 96.58 3.42 79.85 82.69 17.31 48.50 51.50
4 505 96.83 3.47 80.35 82.99 16.40 54.74 49.18
Storage (days)
3.5 375 97.33 2.67 83.48 a 85.78 a 14.22 a 40.69 59.31
6.5 355 96.62 3.38 80.85 ab 83.67 ab 15.46 a 62.25 43.41
9.5 300 96.05 3.95 75.34 b 78.47 b 21.53b 51.77 48.23
P-value
Preheating 0.820 0.820 0.840 0.900 0.704 0.428 0.764
Storage 0.647 0.647 0.031 0.047 0.037 0.086 0.249
Interaction 0.858 0.858 0.789 0.838 0.974 0.791 0.380
Contrast analysis
control vs. 3.5d - 0.02 0.01 0.01 - -
control vs. 6.5d - 0.003 0.003 0.007 - -
control vs. 9.5d - <0.0001 <0.0001 <0.0001 - -
control vs. 0 hs - 0.0008 0.0007 0.0007 - -
control vs. 4 hs - 0.001 0.001 0.001 - -
Estimated [ !
Control (12 h) 3.663 -3.663 2.197 2.484 -2.484 -0.133 0.133
Preheating (h) 0 3.340 -3.340 1.377 1.564 -1.564 -0.060 0.060
4 3.420 -3.420 1.408 1.585 -1.629 0.190 -0.033
Storage(days) 3.5 3.596 -3.596 1.620 1.797 -1.797 -0.377 0.377
6.5 3.352 -3.352 1.440 1.634 -1.699 0.500 -0.265
9.5 3.192 -3.192 1.117 1.293 -1.293 0.071 -0.071

Description: Warehouse: storage; M1: mortality initial + mean; M2: Late death + shell death; Preheat: preheat.
! Estimated p = were used to estimate the probabilities by the following formula: y = e#/(1+e?).
a-b Equal letters show no difference in the same column, different letters differ from each other, by Tukey's Test.
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Table 4- Progeny quality (n=50) and organ morphometry (n=20) of Japanese quails from eggs submitted to preheating before incubation and

different storage periods.

Weight Length Pasgar ®  Calf Heart Intestine Liver  Proventricle Gizzard
(2) (mm) Score (2) (mg) (mg) (mg) (mg) (mg)
Control (12h) 7.33 11.39 9.68 0.46 99.50 389.85 195.05 119.60 431.50
Preheating (h) Storage (days)
0 3.5 7.15 11.22 9.62 0.38* 82.20 346.40 176.70 97.15 373.30%*
6.5 7.05 11.18 9.60 0.38* 79.55 342.60 172.10 95.30 347.65*
9.5 7.05 11.15 9.62 0.34* 71.50 324.95% 177.95 89.35 336.30%*
4 3.5 6.84* 10.71%* 9.52 0.29* 68.50* 316.35* 172.25 84.85 334.15*
6.5 6.85% 10.66* 9.46 0.28* 68.10* 314.50%* 178.25 78.15 333.30%*
9.5 6.78* 10.66* 9.44 0.27* 67.25%* 313.30* 175.30 61.55 332.05*
Mean 7.01 10.99 9.56 0.34 76.65 335.42 178.22 89.42 355.46
SEM 0.035 0.024 0.033 0.011 0.002 0.005 0.002 0.006 0.006
Preheating (h)
0 7.09 a 11.18 a 9.56 037a 73.93 335.12 175.58 86.72 352.42
4 6.82 b 10.67 b 9.52 0.28 b 71.76 317.58 175.26 82.07 333.17
Storage (days)
3.5 7.00 10.97 9.62 0.34 69.94 338.59 173.97 80.21 356.51
6.5 6.95 10.92 9.56 0.33 67.57 324.73 176.17 88.90 338.68
9.5 6.91 10.91 9.45 0.31 80.75 316.29 176.07 83.98 333.76
P-value
Preheating 0.0003 <0.0001 0.650 0.0001 0.724 0.267 0.936 0.693 0.134
Storage 0.644 0.460 0.160 0.476 0.222 0.122 0.901 0.847 0.329
Interaction 0.802 0.975 0.898 0.892 0.990 0.422 0.422 0.274 0.638

Description: Storage: storage; SEM: standard error of mean; Preheating: pre-heating ;

* Means of the stored treatments with and without heating were compared with the mean of the control treatment by the Dunnett test;

a-b Equal letters have no difference in the same column, different letters differ, by Tukey's test.
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Table 5- Productive performance of Japanese quail progeny (n=20) from eggs submitted to pre-heating before incubation and different storage
periods.

Preheating (h) Storage (days) Povalue
Variables C(clnzltlrl(;l 0 4 3.5 6.5 9.5 Mean SEM Preheating Storage Interaction
Initial, 1 a 14 d
Live weight 14 d, g 41.72 41.60 41.78 41.77 4192 4138 41.69 0.21 0.755 0.715 0.990
Feed consumption, g 11445 113.75 114.42 113.15 11548 113.63 114.14 0.52 0.565 0.236 0.623
Weight gain, g 34.72 34.61 34.80 3474 3494 3443 3471 0.21 0.732 0.745 0.988
CA, g/g 3.29 3.28 3.29 325 330 330 329 0.02 0.953 0.738 0.858
Growth, 15a 35d
Live weight 35d, g 140.53  138.65  140.41 13991 139.37 13931 138.50 0.54 0.242 0.933 0.853
Feed Consumption, g 342.73  337.54 34130  339.87 337.00 341.40 339.89 2.14 0.432 0.742 0.475
Weight gain, g 91.80 90.05 91.65 91.11 90.48 90.97 90.99 0.55 0.232 0.915 0.825
CA, g/g 3.73 3.75 3.72 3.73 372 375 373 0.02 0.634 0.887 0.202

Total, 1 a 35 d
Feed Consumption, g 457.19  451.30 455.73 453.02 452.48 455.04 454.04 2.34 0.412 0.917 0.636

Weight gain, g 126.53  124.67 126.46 125.86 12542 12541 125.70 0.62 0.232 0.958 0.867
CA, g/g 3.61 3.62 3.60 3.60 3.60 3.62 3.61 0.02 0.684 0.851 0.312
Viability, % 91.25 91.25 87.50 87.50 89.37 91.25 89.64 1.33 0.199 0.564 0.085

Description: Storage; FC: Feed conversion; SEM: Standard error of mean; Preheat: Preheating.
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Figura 1- Japanese quail embryos classified in stages X and XI.
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Figura 2- Embryos of Japanese quails classified in stages XII and XIII.
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V- Consideracoes Finais

Este trabalho demonstrou os efeitos de diferentes idades (31, 39, 48 ¢ 59 semanas)
de matrizes sobre os ovos e o desenvolvimento embrionario de codornas japonesas. Com
o aumento da idade da matriz ocorre o aumento do peso, comprimento, largura, volume
e area dos ovos. No entanto, ndo ha efeito da idade da matriz sobre o desenvolvimento
embrionario entre 0 ¢ 72 horas de incubagao.

Além disso, a aplicacdo do pré-aquecimento de 37,5°C e 60 % umidade relativa
no interior de maquinas incubadoras por 04 horas em ovos férteis de codornas japonesas
armazenados nos periodos de 3,5; 6,5 e 9,5 dias ndo produz melhorias na qualidade dos
ovos, nos indices de incubacdo ou na qualidade e desempenho de progénie em codornas
japonesas, sendo necessaria a realizacdo de mais estudos para determinar o melhor

protocolo de pré-aquecimento para codornas japonesas.



