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RESUMO

O referido trabalho foi realizado no Setor de coturnicultura da Universidade Federal do
Tocantins — Campus de Araguaina com objetivo de determinar as exigéncias de energia e
de proteina para codornas japonesas através do método fatorial de estimativa das
predicdes nutricionais separando os componentes de mantenca, ganho e producéo para
as fases inicial e de crescimento. A tese foi distribuida em quatro capitulos: Referencial
tedrico (1). Exigéncias de Energia através de modelos matematicos para mantenca e
ganho de peso de codornas japonesas de 01 a 35 dias de idade (2). Exigéncias de
proteina bruta através de modelos mateméticos para mantenca e ganho de peso de
codornas japonesas de 01 a 35 dias de idade (3) e Consideracgfes Finais (4). A fase inicial
foi de 01 a 15 e a de crescimento de 15 a 35 dias de idade com as estimativas de
mantenca sendo determinadas em sistemas de criacao tipo gaiolas em ambiente natural,
com temperatura média de 24,05 °C, utilizando-se da metodologia de abate comparativo,
por intermédio de ensaio de alimentacdo para ambas as fases. Utilizou-se delineamento
inteiramente ao acaso com quatro tratamentos (ad libitum, 75, 50 e 25% do consumo ad
libitum), seis repeticbes e dez aves por gaiola. As exigéncias de mantenca foram
estimadas pelo intercepto da reta com o eixo X, considerando as retencdes em funcgao
dos consumos de energia e/ou proteina respectivamente. J4 para as estimativas de
exigéncias de ganho de peso, um grupo de 75 aves na fase inicial e 40 para a fase de
crescimento foram criados no piso coberto de maravalha paralelamente as aves de
mantenca, alimentados a vontade e alojados em temperatura ambiental de 24,05 °C e
abatidos 15 aves aos 3, 6, 9,12 e 15 dias de idade e 10 aves aos 20, 25, 30 e 35 dias
respectivamente para as fases inicial e crescimento. As equacdes de predicdo para
estimar as exigéncias de mantenca e ganho de peso em energia e proteina das codornas
japonesas no periodo de 01 a 15 e 15 a 35 dias de idade foram respectivamente: EMA
(1-15d) = (54,96 x P%67) + (8,30 x GP) e EMA (15-35d) = (92,11 x P%67) + (8,91 x GP) e
PB (1-15d) = (2,095 x P%67) + (0,851 x GP) e PB (15-35d) = (6,30 x P%¢7) + (0,894 x GP),
em que, EMA é a exigéncia de energia metabolizavel aparente, PB € a exigéncia de
proteina bruta, GP é o ganho de peso (g/ave/d) e P é o peso corporal (kg).

Palavras-chave: abate comparativo; metodologia fatorial; energia metabolizavel; proteina
bruta; equacdes de predicdo; exigéncia de ganho; exigéncia de mantenca.



ABSTRACT

This work was carried out in the Coturniculture Sector of the Federal University of
Tocantins - Campus de Araguaina with the objective of determining the energy and protein
requirements for Japanese quails through the factorial method of estimating nutritional
predictions separating the components of maintenance, gain and production for the initial
and growth phases. The thesis was distributed in three chapters: Theoretical framework
(1). Energy requirements through mathematical models for maintenance and weight gain
of Japanese quails from 01 to 35 days old (2). Crude protein requirements through
mathematical models for maintenance and weight gain of Japanese quails from 01 to 35
days old (3). The initial phase was from 01 to 15 and the growth from 15 to 35 days of age
with maintenance estimates being determined in cage-type rearing systems in a natural
environment, with an average temperature of 24.05°C, using the methodology comparative
slaughter, by means of feeding test for both phases. A completely randomized design was
used with four treatments (ad libitum, 75, 50 and 25% of ad libitum consumption), six
replicates and ten birds per cage. The maintenance requirements were estimated by the
intercept of the line with the X axis, considering the retentions as a function of energy
and/or protein consumption, respectively. As for the estimates of weight gain
requirements, a group of 75 birds in the initial phase and 40 for the growth phase were
created on the shavings covered floor alongside the maintenance birds, fed at will and
housed at an ambient temperature of 24, 05°C and 15 birds slaughtered at 3, 6, 9, 12 and
15 days of age and 10 birds at 20, 25, 30 and 35 days respectively for the initial and
growing phases. The prediction equations to estimate the requirements for maintenance
and weight gain in energy and protein of Japanese quails in the period from 01 to 15 and
15 to 35 days of age were respectively: AME (1-15d) = (54.96 x W%67) + (8.30 x WG) and
AME (15-35d) = (92.11 x W%67) + (8.91 x WG) and CP (1-15d) = (2.095 x W%¢7) + (0.851
x WG) and CP (15-35d) = (6.30 x W%67) + (0.894 x WG), where AME is the apparent
metabolizable energy requirement, CP is the crude protein requirement , WG is the weight
gain (g/bird/d) and W is the body weight (kg).

Keywords: comparative slaughter; factorial methodology; metabolizable energy; crude

protein; prediction equations; gain requirement; maintenance requirement.
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CAPITULO 1: REVISAO DE LITERATURA

1.1 Introducéo

A producgdo de codornas apresenta diversas finalidades zootécnicas (caga, carne,
ornamentacao e ovos) ja € realidade em nivel mundial. Paises como Espanha, Franca,
China e Estados Unidos se destacam pela producdo de carne, no entanto, quando a
criacdo € voltada para producdo de ovos, a China, Japdo e Brasil sdo destaques
(BERTECHINE, 2010).

A codorna teve origem no norte da Africa, na Europa e na Asia. As mesmas
pertencem a ordem dos Galindceos, familia dos Fasianideos, da subfamilia dos
Perdicinidae e do género Coturnix, sendo, portanto, da mesma familia das galinhas e
perdizes (SOUZA-SOARES; SIEWERDT, 2005).

Dados do Instituto Brasileiro de Geografia e Estatistica (IBGE) do ano de 2019 que
foram publicados em 2020, relatam que o quantitativo nacional de codornas, cresceu
tanto no efetivo (17,4 milhdes de aves) quanto na producédo de ovos de codorna (315,6
milhdes de dazias), o que representou um aumento de (3,4% e 5,9%, respectivamente).

Os maiores rebanhos estdo concentrados na regido sudeste pais, com destaque
para os estados de Sao Paulo (23,8% das aves e 23,6% dos ovos), Espirito Santo (22,4%
das aves e 25,9% dos ovos) e Minas Gerais (16,1% das aves e 16,6% dos ovos).

As codornas, sejam as destinadas a postura ou para corte, apresentam maturidade
precoce que esta relacionada a taxa de crescimento, e ainda, ao tamanho dos animais
(ARANGO; VAN VLECK, 2002; THOLON et al., 2009), sendo assim, animais menores
apresentam taxas de crescimento maiores e idade menores a maturidade, ou seja, 0s
modelos que descrevem curvas de crescimento validam a premissa de que cada
espécie/linhagens, categoria animal tém exigéncias nutricionais diferentes.

Parte dos requerimentos de mantenca (poedeiras comerciais e codornas) esta
diretamente ligado a precocidade, tamanho do trato gastrico intestinal (TGlI),
empenamento e o desenvolvimento do aparelho reprodutor e, parte das exigéncias de
ganho esta relacionada ao peso dos ovos (dentro da mesma espécie), taxa de postura, e
ainda, taxa de deposicdo de musculo (maturidade) (ALBINO et al., 1994; SILVA et al.,
2004a).

Essas particularidades justificam e corroboram com Nobrega et al.,, (2018) que
demonstraram que quando foi utilizado o peso metabdlico (Kg®®¢’), a quantidade de

energia ingerida, retida no corpo, retida no ovo, retida total e a producdo de calor, se
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elevou a medida que a concentracdo destes nutrientes aumentou nas dietas para
codornas.

Por conta dessas patrticularidades € importante determinar as exigéncias nutricionais
para esses animais de maneira precisa, ou seja, aplicando a metodologia apropriada, que
pode ser, o0 método tradicional em que o desempenho do animal € avaliado em funcao do
aumento da concentracdo do nutriente na racdo e o metodo fatorial, que prediz as
exigéncias através de modelos matematicos (ROSTAGNO et al., 2017).

O desenvolvimento de modelos de predicdo com base na metodologia fatorial ganha
importancia pela flexibilidade e simplicidade de uso, sendo adequados para manipulacao
por técnicos de empresas avicolas, que, de posse do modelo e da calculadora, podem
obter, de forma indireta e rapida, as exigéncias nutricionais das aves e atualizarem as
formulacdes, sem necessidade de realizacdo de ensaios biolégicos e analises de
laboratorio (SILVA et al., 2004ab).

Dentre os modelos mais empregados nos estudos de exigéncias nutricionais,
podemos citar o de Jordao Filho et al., (2011a) que estudaram as exigéncias de mantenca
e ganho de proteina bruta (PB) e energia metabolizavel (EM) para codornas em postura e
proporam os seguintes modelo: PB (g/ave/dia) = 6.71*P%7> + 0.615*GP + 0.258*MO, e EM
(kcal/ave/dia) = 92.34*P%75 + 6.23*GP + 4.19*MO, onde P é o peso em quilogramas e GP
0 ganho de peso em gramas e MO a massa de ovos.

Sakomura et al., (2002) determinaram a seguinte equacao para poedeiras Lohmann
LSL® com 52 semanas de idade: PB (g/ave/dia) = 1,94*P%7> + 0,48*GP + 0,301*MO,
onde P é o peso em quilogramas e GP o ganho de peso em gramas e MO a massa de
0VOS.

Jorddo Filho et al., (2011b) determinaram o seguinte modelo para predizer os
valores de energia para ganho e mantenca de codornas japonesas em postura e
obtiveram os seguintes modelos. Codornas japonesas no piso: EM (kcal/ave/dia) =
P0-75%(98.37 - 0.205*T) + 8.28*GP; e na gaiola: EM (kcal/ave/dia) = P%75%(98.37 - 0.205*T)
+ 9.00*GP. Codornas Europeias no piso: EM (kcal/ave/dia) = P%75*(115.08 - 0.3939*T) +
7.64*GP; e na gaiola: EM (kcal/ave/dia) = P%75%(115.08 - 0.3939*T) + 9.72*GP, onde P é o
peso em quilogramas e GP 0 ganho de peso em gramas e T a temperatura em °C.

Mariz et al., (2015) proporam os seguintes modelos para predizer as exigéncias de
célcio (Ca) e fésforo disponivel (Pd) para codornas japonesas no periodo de 16 a 36 dias

de idade e, em funcdo da temperatura ambiental, respectivamente: Pd (g/ave/dia)
PO67%(9.3695 + 7.7397*T) + 9.70*GP e Ca (g/avel/dia) = P%67%(363.99 — 8.0262*T)

28.15*GP, onde P é peso das aves em kg, GP o ganho de peso em gramas e T

+

Q

temperatura ambiente em °C.
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Portanto, equacdes de predicdo desenvolvidas com frangos, poedeiras, matrizes e
codornas européias, ndo devem ser usadas para predizer os valores de exigéncias para
codornas japonesas gue € o objeto desse estudo, ou seja, desenvolver modelos préprios
para cada espécie, sexo, tipo de alojamento, temperatura e o peso metabdlico (Kg®¢").

Diante disto objetivou-se desenvolver modelos de predicdo de exigencias
nutricionais para codornas japonesas através do método fatorial, afim de se calcular as
exigéncias de energia metabolizavel e proteina bruta em mantenca e ganho nas fases

inicial e de crescimento com peso metabélico (kg®®7).

1.2 Histérico da Criacdo de Codornas Japonesas no Brasil

A codorna foi criada primariamente na China e Coréia e posteriormente no Japao
por pessoas que admiravam seu canto. No inicio do século XIX japoneses iniciaram
trabalhos de cruzamentos entre codornas advindas da Europa e espécies silvestres, o
gue levou a ave domesticada que foi chamada Coturnix coturnix japonica, e a partir de
entdo deu-se o inicio de sua exploracdo (PASTORE et al.,2012).

A codorna doméstica chegou ao Brasil em 1959, através do imigrante Italiano
Oscar Molena, que ja tinha o “hobby” de criar codornas na lItalia. Entre as décadas de 60
e 70 houve uma rapida ascensdo no consumo, principalmente dos ovos de codorna,
atribuida em parte pela musica “Ovo de codorna” de Severino Ramos, lancada por Luiz
Gonzaga, que falava sobre propriedades afrodisiacas desse alimento, mas que
posteriormente foi desmistificada pela ciéncia (SILVA et al., 2011).

A codorna japonesa é predominante no Brasil e no Japdo, mas nos paises
europeus a producdo também é de grande relevancia. Apresenta grande producédo de
carnes e ovos, pois comecam a postura com 35 dias de vida e chegam a produzir
aproximadamente 300 ovos/ano. Além disso, a codorna japonesa € ideal para
principiantes por ser uma ave muito docil e de facil criacdo, além de ser bastante sociavel
com outras aves (SILVA et al., 2011).

A exploracdo comercial da ave teve inicio em 1989, quando uma grande empresa
avicola resolveu implantar o primeiro criatério no Sul do Brasil e recentemente iniciou-se a
exportacao de carcacas de codornas congeladas (SILVA et al., 2011).

No ano de 2011, o Brasil foi o quinto maior produtor mundial de carne de codornas
e 0 segundo de ovos, coincidindo com o surgimento das grandes criacdes automatizadas
e tecnificada e novas formas de comercializagdo do ovo e da carne de codornas,
contribuindo totalmente ou parcialmente com a renda de muitos produtores e gerando

empregos diretos e indiretos (SILVA et al., 2011).
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1.3 Funcdes da Proteina e Energia no Metabolismo de Aves

A alimentacdo, um dos principais fatores responsaveis pelo desempenho das aves,
pode representar cerca de 70% do custo de producdo (MURAKAMI; ARIKI, 1998). As
estimativas das exigéncias nutricionais, baseadas em dados brasileiros, sdo essenciais
para a formulacdo de racdes de minimo custo ou de maximo retorno, principalmente
guando considerados os niveis de proteina e energia, componentes de maior participacéo
no custo das dietas ndo sé de codornas, como de monogastricos em geral.

As exigéncias de proteina variam consideravelmente, de acordo com a taxa de
crescimento, sendo os aminoacidos contidos na proteina da dieta utilizados pelas aves
como constituintes estruturais primarios de tecidos, como pele, penas, matriz 6ssea,
ligamentos, bem como 6rgdos e musculos, além de contribuirem para diversas funcdes
metabdlicas e serem precursores de constituintes corporais nao-proteicos (NRC, 1994,
BERTECHINI, 2006).

A proteina pode limitar o desempenho das aves quando em excesso, pois O
catabolismo aminoacidico requer gasto extra de energia para excrecdo do nitrogénio na
forma de &cido trico (JORDAO FILHO et al., 2006).

Para atenuar este problema, pesquisadores da area, sugeriram a reducdo da
proteina com a suplementacdo de aminoacidos essenciais, porque menos aminoacidos
seria desviado para as rotas catabolicas, ou seja, diminuindo os riscos de poluicao
ambiental com nitrogénio quando a dieta apresenta excesso de proteina ou desequilibrio
na relacédo entre os aminoacidos e destes em relacéo a energia (SILVA et al., 2004ab).

Lopez e Leeson (1995) observaram que o aumento da proteina bruta da dieta de
14 para 20% em matrizes pesadas com 48 semanas de idade, aumentou a excrecao de
nitrogénio, enquanto a retencao foi reduzida proporcionalmente.

Existem semelhancas e discrepancias entre as especificacdes nutricionais para as
duas espécies de codornas (japonesas e europeias) nas fases de crescimento e postura.
Embora as exigéncias de proteina e de energia sejam iguais, os niveis de calcio, fésforo
disponivel e o perfil de aminoacidos sdo maiores para as codornas de linhagens pesadas,
0s quais podem ser justificados pelas maiores taxas de ganho de peso e de crescimento
muscular dessas aves, especialmente, nas primeiras quatro semanas de vida (SILVA,;
COSTA, 2009).

Em se tratando da energia, é possivel dizer que a mesma néo é exatamente um
nutriente, ela participa no crescimento de tecidos, producdo de ovos, manutencédo das
fungBes vitais, termo regulacdo corporal e atividade, sendo destinado a producdo apenas
20% da energia consumida via dieta (NETO, 2003).
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A energia utilizada pelas aves para desempenhar suas fungdes vitais € resultado
da oxidacao de constituintes dos alimentos no processo digestivel e da producéo de calor
pelo metabolismo energético (FERNANDES; TORO-VELASQUEZ, 2014).

No entanto, apenas parte da energia contida na dieta € aproveitada pelos animais.
De acordo com Bertechini (2006), a energia € biologicamente fracionada em energia bruta
(EB), energia digestivel (ED), energia metabolizavel (EM) e energia liquida (EL). Uma vez
gue a energia for fracionada, cada uma dessas partes pode ser mensurada de diferentes
formas.

Segundo Sakomura et al., (2014), a exigéncia de energia é particionada
primeiramente para mantenca e depois para deposi¢do protéica e lipidica no corpo, logo
essa deposicdo somente € possivel apds a mantenca ter sido atendida. A exigéncia de
energia metabolizavel por grama de ganho de peso corporal, geralmente é determinada,
pela relacdo da exigéncia liquida de ganho pela eficiéncia de utilizacéo.

De acordo com Sakomura; Rostagno (2016), a eficiéncia de utilizacdo da energia
para deposi¢cao corporal, representa a propor¢cdo de energia retida para cada kcal de
energia metabolizavel ingerida, podendo ser determinada pelo coeficiente de regressao b,
obtido a partir da relacéo entre os dois parametros mencionados anteriormente.

De outro modo, a exigéncia de energia liquida por grama de peso corporal pode ser
estimada a partir dos dados da energia retida no corpo e do peso corporal da ave, em que
o coeficiente de regressao b representa o teor de energia por grama de peso corporal.

Ao analisar os estudos realizados com codornas em producéo, para concentracao
otima de energia (HURTADO-NERY et al., 2014; HURTADO-NERY et al.,, 2015;
OMIDIWURA et al., 2016), foi observado uma variacdo de 2.585 a 3.100 kcal/kg, entre os
niveis recomendados para maximiza¢cado das respostas de desempenho.

Essa diferenca de 515 kcallkg, sobre a recomendacdo do nivel de energia
metabolizavel, exerce grande impacto no calculo da formulacdo de racdo. De acordo
Moura et al., (2008), a energia € um dos fatores nutricionais que mais onera o0 custo da
dieta desses animais, pois define o tipo e a quantidade dos ingredientes energéticos que
serdo utilizados na sua composicdo nutricional. Além disso, também influencia
diretamente o desempenho produtivo das aves.

O aumento da concentragdo de energia além da exigéncia requerida das aves,
pode gerar deposicdo excessiva de gordura na carcaga, reduzir o consumo de ragéo e
inibir a utilizacdo de alguns nutrientes, como também pode provocar superovulagcéo e
aumentar a producédo de ovos de duas gemas (EMMANS; FISHER, 1986; SILVA et al.,
2003; JORGE NETO, 2003; NASCIMENTO et al., 2004).
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O consumo excessivo de energia para racdes de codornas durante a producdo de
ovos leva ao aumento de gordura abdominal envolvendo alguns 6rgaos, especialmente no
aparelho reprodutivo e o figado, que estdo associados com a reducdo da eficiéncia
produtiva das aves (LEKSRISOMPONG, 2010).

1.4 Fatores que interferem na Exigéncia Nutricional de Aves

Existem diversos fatores que interferem nas exigéncias nutricionais das aves, tais
como: composicdo da dieta (NIETO et al.,, 1995), metodologia (FILARDI et al., 2000),
idade e nivel de alimentacdo (SILVA et al., 2004ab), temperatura (SAKOMURA et al.,
2003) e sistema de alojamento (RABELLO et al., 2004).

Os modelos de predicdo, com base na metodologia fatorial, oferecem estimativas
fisioldgicas acuradas, com possibilidade do conhecimento das necessidades diarias das
aves, considerando fatores como a temperatura ambiente e o sistema de alojamento das
aves.

Os efeitos da temperatura e de sistema de alojamento sobre as exigéncias
energéticas e protéicas das aves tem despertado cada vez mais o0 interesse de
pesquisadores. Sakomura et al., (2003) mostraram a influéncia exercida pela temperatura
ambiente sobre as exigéncias de frangas, enquanto que no trabalho de Rabello et al.,
(2004) foi avaliado o efeito do sistema de criacdo sobre as exigéncias de energia de
mantenca de matrizes em producao, de modo que, quando as aves foram submetidas as
altas temperaturas, reduziram o0 consumo de racdo para manter a homeotermia,
reduzindo as exigéncias de EMm.

Ja4 quando o alojamento acontece em temperatura baixa, as aves tendem a
aumentar o consumo para garantir suficiente producdo de calor e manter a homeostase
térmica corporal.

A temperatura apresenta-se como um dos fatores importantes para a predicdo da
energia, pois afeta a producéo de calor e o comportamento dos animais homeotérmicos,
devendo por isso ser considerada como fator de corre¢do nos modelos de predigao.

Aerts et al., (2000), descreveram alteragcdo da producdo de calor seguindo as
alteracbes na temperatura ambiente de criacdo de frangos. As alteracdes nas exigéncias
de mantenca para frangos (LONGO et al., 2006), matrizes (SAKOMURA et al., 2003) e
poedeiras (SAKOMURA et al.,, 2005) foram observadas a partir de mudancas nas
temperaturas de alojamento no Brasil.

Normalmente, a producgéo de calor € minima na situacdo de conforto térmico, sendo

gue as aves alteram o comportamento e a atividade fisica, bem como a taxa metabdlica
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em situacdoes de estresse pelo calor ou frio (WARPECHOWSKI, 2005). Silva et al.,
(2004ab) estimam que a temperatura de conforto para codornas japonesas nas fases
inicial e crescimento apresenta uma variacdo de 35,9 a 25,6 °C respectivamente. Ja na
fase de postura a temperatura de conforto oscila entre 18 a 22° (MURAKAMI; ARIKI,
1998).

Em temperatura abaixo da faixa de conforto, as aves produzem calor por tremor
muscular, enquanto que em alta temperatura o recurso € o aumento da evapotranspiracao
via taxa respiratéria (WARPECHOWSKI, 2005).

Outro fator é o espaco de criacdo das aves, estas tendem a elevar ou diminuir as
exigéncias energéticas de mantenca. Rabello et al., (2004) observaram que o alojamento
das matrizes de corte no piso demandou maior exigéncia de EMm em relacdo ao
alojamento em gaiolas (+18%). Este resultado foi atribuido a maior atividade locomotora
das aves no piso, visto que, neste ambiente, elas tinham maior espacgo de locomocgéo.

Segundo Silva et al., (2004b), em codornas este efeito € evidente, devido a maior
atividade de ciscar a racdo e a cama e na pratica de frequente voos dentro das
instalacdes.

A eficiéncia com que a energia é utilizada para mantenca €, certamente, alterada
pelas condi¢des térmicas e pela densidade de alojamento das aves. As aves criadas em
gaiolas, possivelmente, apresentaram efici€ncia maior com menor exigéncia de mantenca
gue aquelas em piso, dada a reducao de gasto de energia com movimento (ALBINO et
al., 1994).

Jalal et al., (2006) estudaram o efeito de diferentes espacos de criacdo (342, 413,
516 e 690 cm?/ave) sobre o desempenho de galinhas poedeiras. Foi identificado que
houve melhora do desempenho com aumento do espaco de criacdo de 342 para 690
cm?/ave, sendo a producéo de ovos, elevada de 76 para 86%, devido a reducéo de 6 para
3 aves/gaiola. Contudo a reducdo do numero de aves por gaiola ndo alterou a exigéncia
de energia em virtude do espaco extra disponivel para as atividades (JALAL et al., 2006).

Ao avaliarem os efeitos da exigencia de energia metabolizavel e da densidade das
aves nas gaiolas, Garcia et al., (2000) obtiveram pior conversao alimentar (P <0,05) para
as codornas japonesas alimentadas com dietas contendo menores teores energéticos
(2.750 e 2.850 kcal EM/kg) e criadas em maiores densidades (12 aves/gaiola ou 101,3
cm? /ave).

Lima et al., (2012) testaram diferentes densidades de alojamentos (121,4 cm?/ave;
106,2 cm?/ave; 94,4 cm?/ave e 85 cm?/ave) para codornas japonesas na fase de postura e
verificaram efeito da densidade de alojamento sobre o consumo de ragéo, peso do ovo,

conversdo por massa de ovos e conversdo por duzia de ovos. Tais pesquisadores
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observaram que a densidade de 85 cm?ave proporcionou menor consumo e por
consequencia menor peso do ovo, com alteracdo na exigéncia de energia em virtude do
espaco reduzido disponivel.

Provavelmente, a criacdo desses animais em gaiolas passara por mudancas no
manejo de alojamento, ou seja, mudanca para criagado no piso, conforme recomendacgdes
da legislacéo Européia sobre bem-estar das aves (JANCZAK; RIBER, 2015).

Esta transformacdo do espaco de criagdo vem se confirmando a partir de estudos
gue demonstram a “légica do estresse” de aves criadas em baterias de gaiolas em
comparacao com aves criadas em livre espaco no piso, ou seja, nos diferentes tipos de

alojamentos quanto a exigéncia de energia para mantenca conforme tabela 1 abaixo.

Tabela 1: Exigéncia de Energia de Mantenca de matrizes pesadas em fun¢éo do sistema
de criacdo em diferentes temperaturas ambientes.

Exigéncia de Energia para Mantenca (Kcal/Kg®75/dia)

Temperatura (°C) Gaiola Piso Diferenca
13 111,17 130,83 19,66
21 91,59 112,86 21,27
30 88,49 110,97 22,48
Médias 97,06 118,22 21,14

Fonte: Adaptado de Rabello et al., 2004

1.5 Nutricdo das aves vs Temperatura ambiente

Segundo Gonzales (2005), a nutricdo é a ciéncia que estuda a relacdo entre um
organismo e a sua fonte de alimentacao, descrevendo desde os processos de apreensao
do alimento, digestdo, metabolizacdo e excrecdo de nutrientes obtidos do meio externo,
até as taxas adequadas que 0s elementos nutritivos devem fornecer para a otimizacéo da
mantenca, salde e processos produtivos de qualquer ser vivo.

A nutricdo das aves € afetada por elevados indices de temperatura, principalmente
pela reducdo no consumo de racdo, no que concerne a ingestao de energia e nutrientes
atrelados ao seu consumo, constituindo-se num dos principais problemas enfrentados no
manejo nutricional avicola, em ambientes quentes por exemplo (GONZALES, 2005).

Para aves na fase de postura, estudos sobre a influéncia do estresse por calor vao
além dos efeitos da diminuigdo do consumo de alimento sobre o desempenho produtivo,
tendo papel fundamental também sobre a qualidade dos ovos produzidos, principalmente
no que concerne a qualidade de casca (ALVES et al., 2007).

Um outro efeito se da quando a ave na tentativa de elevar a dissipagdo do calor
corporeo, realiza o resfriamento evaporativo respiratério, através da ampliacdo da
frequéncia respiratoria em até 10 vezes (MACARI et al., 2004).
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O efeito mais grave do aumento da temperatura ambiental, e consequente aumento
da frequéncia respiratéria, € o aparecimento de distarbio no equilibrio acido-basico,
conhecido como alcalose respiratoria (FURLAN, 2005).

Ainda segundo Furlan e Macari (2002), em poedeiras, a alcalose respiratéria
proporciona desequilibrio eletrolitico e mineral. Para compensar a alcalose, ocorre grande
liberacdo de acidos organicos no sangue, que complexam o calcio, diminuindo a
guantidade de calcio livre ou ionizado no plasma, que seria usado para a formacéo da
casca do ovo, ou seja, ocorre producdo de ovos pequenos e com qualidade inferior de
casca.

Na tentativa de aprimorar a producgéo, pesquisas envolvendo a questdo ambiental,
em relacdo a nutricdo, tém sido realizados para maximizar os resultados proporcionados
pela mesma, através, principalmente, da utilizacdo de niveis nutricionais mais préximos
aos requeridos pelos animais submetidos a esse tipo de ambiente (MAIORKA, 1998).

Entretanto, atualmente, a formulacdo de ragdes para codornas tem tido como
bases, dados oriundos de outros paises, com condi¢cdes de manejo e de temperatura
diferente das nossas, podendo comprometer o desempenho desses animais (MURAKAMI
et al., 1993).

Uma das alternativas a esse entrave nutricional que estd atrelado a questédo
ambiental é ajustar os niveis nutricionais da racdo (MENTEN; PEDROSO, 2001), sendo o
primeiro ajuste realizado para o nivel de energia.

As aves necessitam acumular e mobilizar reservas energéticas para cobrir
eventuais deficiéncias, da mesma forma que dependem de um mecanismo preciso para
regular a termogénese tendo em vista a estabilidade da homeostase térmica. Dessa
forma, esses animais sdo muito dependentes de um consumo regular de energia dietética
(TARDIN, 1995).

Aves domésticas criadas em ambientes supostamente controlados e regularmente
manejados, ndo sao muito sujeitas a periodos prolongados de deficiéncias energéticas,
assim como néo séo expostas a extremos climaticos (TARDIN, 1995).

A particdo energética dessas aves ocorre de forma concisa, sendo destinadas
propor¢des adequadas de energia para mantenca (40 a 100% da energia metabolizavel) e
para producao de carne e ovos (0 a 60% da energia metabolizavel) (TARDIN, 1995).

Entretanto, aves expostas a condi¢des climaticas desfavoraveis podem apresentar
alteracbes na particdo energética em funcdo das mesmas precisarem manter a
temperatura corporal constante, ou seja, as aves realizam um balanco energético por
meio de ajustes nas taxas de producéo e de dissipacdo de calor corporal (VALERIO et al.,
2003).
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Sob altas temperaturas, as aves precisam reduzir a producdo e aumentar a
dissipacdo de calor metabdlico (MACARI et al., 2004), o que acarreta alto gasto de
energia.

Somando-se a isso, as alteragbes que ocorrem no consumo de racao sob estresse
por calor, um déficit nutricional de energia pode ocorrer e, dessa forma, maior quantidade
de energia ingerida pode ser desviada para manutencdo corporal, 0 que repercutiria
negativamente sobre a producéo de ovos ou carne (GONZALES, 2005).

Inimeros trabalhos investigaram alteracdes na densidade energética das racoes,
na tentativa de otimizarem a produtividade de poedeiras comerciais e frangos de corte
alojados sob condicdes termoneutras ou de estresse por calor (CORREA et al., 2005;
AFTAB, 2009; KRIMPEN et al., 2009; RIBEIRO et al., 2009a; RIBEIRO et al., 2009b).

Para codornas japonesas, trabalhos seguindo a mesma tematica também foram
realizados, entretanto, estes foram realizados em sua maioria, sob condicbes de
termoneutralidade, sendo informadas recomendacBes energéticas de acordo com as
fases de criacdo e linhagens comerciais utilizadas nos experimentos (OLIVEIRA et al.,
2002; PINTO et al., 2002; FREITAS et al., 2005; BARRETO et al., 2007; SILVA et al.,
2011).

Ja com relagéo a proteina, de acordo com Andriguetto et al., (2002), as proteinas
sd0 compostos organicos extremamente complexos, de natureza coloidal, formados
fundamentalmente por carbono, hidrogénio, oxigénio e nitrogénio.

Esta tem papel fundamental no organismo, atuando na reparacéo e construcdo de
tecidos, formacdo de enzimas, hemoglobina, certos hormdnios, colageno dos 0ssos,
tendbes e pele. Regulam a contracdo muscular, producdo de anticorpos e a expanséao e
contracdo dos vasos sanguineos para manter a pressao normal (FLAUZINA, 2007).

Em poedeiras, a producdo e o tamanho dos ovos sdao dependentes da ingestédo
diaria de proteinas (SAKOMURA et al., 2002). O nivel de proteina na dieta é importante
devido a grande quantidade necesséria, deste nutriente, para a formacdo do material da
gema e, especialmente, do albumen do ovo.

Uma vez que a habilidade das poedeiras em estocar proteina é limitada, além de o
tamanho do ovo ser altamente dependente da sua ingestéo diaria, torna-se imprescindivel
qgue niveis de proteina e o consumo de racdo sejam adequados para atingir a producdo
de ovos que se deseja (PESTI, 1991).

A ocorréncia de temperaturas elevadas, acima da zona de conforto térmico das
aves, pode trazer consequéncias negativas para o balanco energético e para o
desempenho, pois o fornecimento de niveis elevados de proteina na racdo pode aumentar
a carga de calor a ser dissipado pelo animal (ANDRIGUETTO et al., 2002).
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De acordo com Penz (1989), a reducdo dos niveis de proteina resulta em
decréscimo na producdo de calor, e ajuda a ave a manter seu balanco energético em
condi¢cBes de elevadas temperaturas.

Inimeros trabalhos podem ser observados na literatura com o objetivo de propor
um nivel adequado de utilizacdo de proteina bruta e de aminoacidos nas racdes para
aves. Muitos desses trabalhos envolvem nutricdo de frangos de corte e poedeiras
comerciais sob o conceito de proteina ideal, com reducédo do teor de proteina bruta e
adequada suplementacédo de aminoacidos.

Outros estudos indicam que a reducdo no teor de proteina bruta, principalmente
para aves sob estresse térmico, visando reducdo de incremento caldrico, ndo é
aconselhada (CHENG et al., 1997 a, b; ALLEMAN; LECLERQ, 1997; CHENG et al., 1999;
FARIA FILHO, 2003; PAVAN et al., 2005; CARIOCA et al., 2010).

Trabalhos realizados por Aletor et al., (2000), mostraram que a suplementacdo de
aminoacidos sintéticos nas racgfes, principalmente lisina e metionina, é uma prética
incorporada na rotina das fabricas de racdes para aves, com a finalidade de reduzir os
niveis proteicos das dietas e, consequentemente, o custo das racdes.

Essa diminuicdo dos niveis proteicos das dietas traz outros beneficios, como a
reducdo do consumo alimentar, evita 0s excessos de aminoacidos e leva a menor
poluicdo ambiental, pela melhor eficiéncia na utilizagdo e menor excregédo de nitrogénio
pelas aves através do acido urico.

Segundo Sakomura (1996) a reducdo dos niveis protéicos de dietas de frangos
criados sob altas temperaturas, visando o aspecto econdémico, pode ser efetuada sem
prejuizos ao desempenho e qualidade da carcaca mediante a suplementacdo de
aminoécidos sintéticos, como lisina, metionina e treonina.

Pesquisas com a mesma tematica envolvendo codornas também podem ser
verificadas na literatura (STRINGHINI et al., 1998; BELO et al., 2000; OLIVEIRA et al.,
2002; PINTO et al., 2003; CAPELLOCI et al., 2004; FREITAS et al., 2005; SILVA et al.,
2006; FLAUZINA, 2007; SILVA et al., 2011). Entretanto, as recomendacdes observadas
para proteina bruta e também para energia metabolizavel, durante a producdo de ovos,
séo inconclusivas.

De acordo com Silva e Costa (2009), os niveis de proteina bruta recomendados na
literatura variaram de 16 até 25%, enquanto as recomendac¢des de energia metabolizavel
apresentaram elevada heterogeneidade, variando de 2.600 a 3.150 kcal/kg de ragéo.

Para tentar contornar a perda de produtividade, além dos investimentos estruturais,
0s produtores tem que adequar sua dieta ao desafio ambiental que a ave estad sendo

submetida. Borges (2001) recomenda a manipulacdo da proteina e energia da dieta,
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aclimatacdo dos animais, utilizacdo de antitérmicos, acido ascorbico, eletrélitos, entre
outros.

As aves naturalmente sintetizam vitamina C para o crescimento e metabolismo, a
partir da glicose-1-fosfato, salvo em condi¢des de estresse por calor (FURLAN; MACARI,
2008), pois essa capacidade nao € suficiente nestas condi¢des, devido a paralizagdo dos
processos enzimaticos envolvidos na sua sintese (BETERCHINI, 2006) havendo,
portanto, a necessidade de suplementacdo dos mesmos.

Segundo Yunianto et al., (1997), em aves expostas a temperaturas em torno de
34°C a concentracdo plasmatica de corticosterona tende a aumentar em condi¢Bes de
muito frio ou muito calor.

A vitamina C aumenta a degradacdo de corticosteroides liberados durante o
estresse, controlando seus niveis circulantes (SAHIN et al., 2003).

Além de estimular a liberacdo de corticosterdides e catecolaminas, o estresse por
calor, intensifica a peroxidacdo dos lipidios nas membranas, incluindo membranas de
células de defesas, como linfocitos T e B (LAGANA; RIBEIRO, 2007).

Tengedy (1989) sugeriu que a suplementacdo de vitamina E é muito efetiva nos
casos de estresse por calor, porque ela pode reduzir os efeitos negativos dos
corticosterdis liberados no estresse, tendo como reflexo uma melhora no desempenho
animal (NIU et al., 2009).

Sahin et al., (2006) estudando o uso da vitamina E para codornas em ambientes
guentes, ou seja, temperatura ambiente de 34°C, sendo alimentadas com (0, 125 e 250)
mg/kg de dl -a — tocoferol. As aves apresentaram efeito linear crescentes para consumo,
ganho de peso e eficiéncia alimentar.

O selénio também exerce um papel relevante na manutencédo da integridade das
membranas celulares, ativando a enzima glutationa peroxidase, que age sobre 0s
peréxidos ja formados, destruindo-os (BETERCHINI, 2006).

Assim como o selénio, o zinco também deve ser considerado em animais
desafiados pelo calor, pois durante a resposta imunologica, seu nivel no sangue reduz,
pois esse mineral participa da sintese de metalotioneina no figado (protege contra danos
oxidativos) e, por isso tem sua absorcédo elevada, provocando aumento na exigéncia
deste mineral (RIBEIRO et al., 2008).

A inclusdo de bicarbonato de sodio na dieta se faz necessario também, pois a
mesma é realizada para ajudar na manutencdo da ingestdo de racdo, uma vez que O
sodio € estimulante do consumo. Além disso, este composto fornece ions bicarbonato que

entrara no processo de formacao da casca do ovo (CARCALHO, 2012).
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Uma outra acdo do bicarbonato de sodio, descoberto através de estudos, foram os
beneficios ao se observar o aumento do consumo de agua em condi¢cdes de estresse por
calor, reduzindo, portanto, a mortalidade dos animais (SOUSA JUNIOR, 2006).

A adicdo de sais como carbonato de potassio, sal comum e cloreto de aménia
também podem ser feitos para minimizar as perdas na producdo ocasionadas pelo
estresse térmico, com perda excessiva de didéxido de carbono do sangue, fator importante
na formacdo do carbonato de célcio para a formacéo da casca (JACOME et al., 2007;
TINOCO, 2001).

Segundo Rodrigues (2006); Abreu e Abreu, (2011), outras técnicas desenvolvidas
para diminuir o estresse térmico € retirar a alimentacdo nos horarios mais quentes e
fornecer a alimentacdo no periodo mais fresco; fazer o flushing (jateamento) dos
bebedouros para renovacédo da agua; quando possivel, adicionar gelo na caixa d’agua,
etc.

Outra forma de troca de calor é o aumento no consumo de agua. Costa (1980)
observou que em temperaturas moderadas (20°C), a ingestdo de 4gua de uma poedeira €
de aproximadamente 1,9 a 2 vezes maior que a quantidade de alimento ingerido. Em
temperaturas elevadas esta ingestdo de agua pode aumentar de 4 a 5 vezes.

A temperatura da agua interfere no consumo de racao, diminuindo-o quando a
temperatura da agua aumenta. Resultados de pesquisas indicam que a resposta
desencadeada no nervo lingual da ave inicia-se quando a temperatura da agua atinge a
faixa de 24°C (MACARI, 1995).

Diversos autores verificaram que a temperatura da agua esta diretamente
relacionada com a temperatura do interior do galpdo (BARROT; PRINGLE, 1949; JOINER
e HUSTON 1957; SARTORI, 1996). Segundo Macatri et al., (1994), a temperatura ideal da
agua é de 24°C e, acima deste ponto, as trocas térmicas entre agua e ave sao reduzidas.

E possivel também diminuir o impacto de altas temperaturas na producao, através
da correcdo dos niveis de energia das racdes, elevando o consumo de energia
metabolizavel através do aumento da energia da racdo com a utilizacéo de 6leos/gorduras
e enzimas que incrementam o aproveitamento energético da dieta como amilases,
lipases, entre outras (BERTECHINI, 2012).

A inclusdo de gorduras na dieta estimula o consumo pelo aumento da
palatabilidade e energia, além de reduzir o incremento calorico na digestdo por
disponibilizar mais facilmente energia para o organismo.

De acordo com Rabelo et al., (2007) a inclusdo a partir de 2% de 0Oleo de soja em
racdo a base de milho e farelo de soja ndo comprometeu o rendimento zootécnico, pelo

contrario, aumentou o0 peso dos ovos, sugerindo que a suplementagdo de gordura via
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dieta estimula a sintese proteica no oviduto, que é influenciada pelo estrégeno plasmatico
gue sob o efeito de altas temperaturas, tem sua acao limitada.

A suplementacdo de KCI na racdo e/ou na agua de bebida das aves tem sido
proposta como uma forma de minimizar as consequéncias das temperaturas elevadas
sobre o desempenho (SMITH; TEETER, 1993).

1.6 Métodos para determinar as Exigéncias em Aves

A exigéncia de um dado nutriente (proteinas, minerais, vitaminas, etc.) pode ser
definida com a quantidade minima do mesmo a ser fornecida para atender as
necessidades de um animal (SAKOMURA; ROSTAGNO, 2007). A exigéncia é dividida em
exigéncia de mantenca e exigéncia de producao.

Exigéncia de mantenca pode ser definida como a quantidade minima de nutriente
para que o organismo animal possa desenvolver todos 0S mecanismos necessarios para
a sua sobrevivéncia e o ganho de peso animal é zero (SAKOMURA; ROSTAGNO, 2007).
A exigéncia de producdo é definida como a quantidade minima para atingir objetivos
especificos de producdo (FULLER, 2004).

Por conta da necessidade de se administrar aos animais, o alimento mais
adequado a fase, é importante determinar exigéncias nutricionais de mantenca e
producdo. Segundo Chwalibog (1992), citado por Silva (1995), existem tradicionalmente
dois métodos para se estimarem as exigéncias nutricionais — o empirico ou dose-
resposta, em que o desempenho do animal é avaliado em funcdo do aumento da
concentracdo do nutriente na racao, e o fatorial, em que as exigéncias sao estimadas com
base na composicdo corporal do ganho, separando as exigéncias para mantenca e ganho
e producéo.

A metodologia empirica, classificada também na literatura como tradicional, baseia-
se na formulacdo da dieta referéncia, deficiente apenas no nutriente estudado e o
aumento progressivo deste nutriente na ragdo provoca uma resposta de desempenho que
pode ser interpretada com aplicacdo de um modelo matematico (SILVA et al., 2004a).

Esse método segue uma metodologia dose-resposta, ou seja, a exigéncia
nutricional de determinado nutriente é estimada avaliando a resposta, através do
fornecimento de niveis crescentes do nutriente na dieta.

Estas respostas sdo de natureza curvilinea, sendo descrita por fase linear para um
nivel subétimo, uma fase curvilinea decrescendo até o ponto onde a maxima resposta é

atingida. Esse formato da curva pode variar de acordo com 0s critérios-respostas
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adotados e com a variabilidade entre os animais, como apresentado na figura 1 abaixo
(POMAR et al., 2003).

Inicial Resposta Estavel | Téxico

Ganho de Peso

Nivel do Nutriente

Fonte: Sakomura; Rostagno (2007)

A maioria dos estudos de exigéncias nutricionais tem empregado a metodologia
empirica, em virtude da praticidade da analise estatistica, do baixo custo de operacéo e
do manejo facilitado (SILVA et al., 2004). Essas caracteristicas favoraveis tém constituido
a base para a elaboracdo de tabelas como o NRC (1994) e as tabelas Brasileiras para
aves e suinos (ROSTAGNO et al.,, 2000; ROSTAGNO et al., 2005; ROSTAGNO et al.,
2011).

Neste método, estimativas validas sdo obtidas apenas para a fase especifica da
vida do animal e restritas as condicbes ambientais e alimentares em que 0s experimentos
foram realizados (SAKOMURA, 1996, RONDON et al., 2002), com discrepancias nas
estimativas de um mesmo nutriente entre varios experimentos. Contudo, ndo sdo capazes
de predizer mudancas nas exigéncias ao longo do tempo (HAUSCHLLD; POMAR;
LOVATTO, 2010).

Entretanto, quando se avalia a eficiéncia protéica e/ou energética para a producao
de ovos, ou seja, 0 quanto de proteina e/ou energia da dieta que foi efetivamente
depositada no corpo ou ovo, 0 método tradicional ndo consegue fracionar as exigéncias
por ser muito conservador, devido as estimativas de mantencga, ganho e producdo serem
obtidas de forma conjunta.

Normalmente, existem inimeros fatores que afetam as exigéncias nutricionais das
aves, dentre os quais pode-se destacar: a idade, o sexo, 0 sistema de criagéo, o genétipo
e os fatores ambientais como a temperatura. Combinar todos estes fatores e achar
solucdes praticas a partir de experimentos do tipo dose-resposta € uma tarefa
virtualmente impossivel (SILVA et al., 2004a).
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Além disso, as necessidades de mantenca e de ganho, em funcéo da idade das
aves, ndo sdo normalmente consideradas nas estimativas obtidas pelo método empirico o
gue constitui um dos maiores inconvenientes deste método (GOUS, 1998).

Neste sentido, € fundamental utilizar técnicas que fracionem a eficiéncia com que
as poedeiras depositam proteina e/ou energia para cada atividade produtiva
(SAKOMURA, 1996), sabendo-se que cerca de 60% da energia dietética € perdida
somente na forma de calor corporal (BERTECHINI, 2006).

O método fatorial baseia-se no principio de que as aves necessitam de energia ou
nutrientes para a manutencao dos processos vitais e de atividades, para o0 crescimento
e/ou producdo de ovos, fracionando a exigéncia total em propor¢coes adequadas para
cada uma dessas finalidades (SAKOMURA; ROSTAGNO, 2016).

Esse método estima a exigéncia de um nutriente pela soma das exigéncias para
mantenca e producdo (FULLER; CHAMBERLAIN, 1982). Dessa forma ao estimar
exigéncias, essa metodologia considera o estado metabdlico do animal e aspectos
bioldgicos da utilizagdo de nutrientes.

De acordo com Sakomura (1996), o método fatorial considera as diferencas de
peso, composicdo corporal, potencial de crescimento e producédo das aves, possibilitando
a elaboracdo de modelos capazes de predizer as exigéncias nutricionais das aves de
diferentes linhagens, idades e criadas sob diversas condigdes.

Tal metodologia quando empregada dentro de um sistema de alimentacdo
multifase que é o caso da criacdo de codornas, difere do método dose resposta ou
empirico, pois, aceita estimar exigéncias nutricionais diarias que atendam
verdadeiramente a necessidade do animal, além de permitir assim a sua aplicabilidade a
campo.

Em funcéo da metodologia fatorial ser o que vai dar embasamento para essa tese a
respeito dos modelos de predicdo de exigéncias nutricionais de codornas japonesas no
periodo de 01 a 35 dias de idade, ou seja, nas fase inicial e crescimento, é apresentado
em forma de tabela, resultados encontrados na literatura de experimentos de energia e
proteina de alguns pesquisadores para mantenca e ganho com a utilizagdo do método
fatorial com galinhas poedeiras, frango de corte e codornas tanto com aptidao zootécnica

para corte, como postura conforme tabela 2 abaixo.
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Tabela 2: Resultados de Energia, Proteina segundo diversos autores para exigéncia de

mantenca e ganho em aves.

Autores MANTENCA GANHO
Energia Proteina Energia Proteina
Neme et al., (2004) 133,97 kcal* = e e e
Sakomura et al. (2002)  ------—-- 194¢g* = e 048¢g*
Silva et al., (2004a) 77,07 kcal *** 4,759 ** 9,32 kcal ** 0,84 g ***
Silvaetal, (2004b)  ----eee- 2,85 g *** 4,64 kcal *** 0,46 g **
Nobrega et al., (2018) 155,60 kcal *  -eeeeee- 589kcal*™* e
Sakomuraetal., (2003) - e 2,47 kcal* e
Filho et al., (2008) 92,84 kcal *** 5,15 g *** 7,64 kcal *** 3,120 g ***
Longo et al., (2006) 128,66 kcal **** 0,87 g **** 3,97 kcal **** 14,18 g ****

Onde: * poedeiras; ** codornas de postura; *** codornas de corte; **** frangos de corte
Fonte: Préprio autor

E possivel verificar que as exigéncias nutricionais sdo diferentes entre as aves e
suas aptiddes zootécnicas apresentadas na tabela acima. Essa diferenca da base para a
utilizacdo do método fatorial, pois 0 mesmo considera as diferencas de peso, composicéo
corporal, potencial de crescimento e producdo das aves, possibilitando a elaboracdo de
modelos capazes de predizer as exigéncias nutricionais das aves de diferentes linhagens,
idades e criadas sob diversas condicoes.

Essa diferenca é perceptivel na exigéncia de energia para mantenca e ganho, por
exemplo, as codornas de postura tem uma exigéncia maior se comparada a galinha de
postura.

A necessidade de mais energia se deve, por que as codornas exigem mais energia
para producdo de 1g de ovo que galinhas poedeiras, devido a menor eficiéncia de
utiizacdo da proteina pelas codornas (37%) em comparagdo com as galinhas
(SAKOMURA et al., 2005) que utilizam cerca de 62% de proteina ingerida.

Outra reflexao interessante entre essas duas aves, galinha de postura e codornas
de mesma aptidao zootécnica € a exigéncia que a codorna tem de ser maior em proteina
para mantenca em funcdo do aumento do peso do ovo, ou seja, 0 nivel proteico na racao
influencia positivamente o peso dos ovos porque as galinhas poedeiras ndo conseguem
reservar proteina eficientemente para a sua demanda, dependendo do consumo diario
(PINTO, 2002).
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1.7 Determinacdo do Peso Metabdlico (P%67)

O peso metabdlico relaciona-se com a massa corporal e leva em consideracdo o
crescimento alométrico do animal, tal caracteristica proporciona melhor meio de
comparacdo entre animais com idades diferentes, visto que animais menores produzem
mais calor e consomem mais alimentos por unidade de tamanho corporal do que animais
maiores, pois a taxa metabdlica basal varia conforme a idade (HEADY, 1975).

Diferente das outras aves industriais (frangos, poedeiras e matrizes), as codornas
apresentam maturidade precoce, altas taxa de crescimento (ARANGO; VAN VLECK,
2002; THOLON et al., 2009), baixo consumo de ragcdo, menor peso absoluto do trato
intestinal, no entanto maior peso relativo, o que predispde uma maior taxa de passagem
da digesta pelo trato gastro intestinal (MARCATO et al., 2010; GRIESER, 2012).

Santos et al., (2014) relataram que as codornas apresentam menor peso absoluto e
relativo de oviduto e ovario em relagdo a poedeiras (JARDIM FILHO et al., 2008). No
entanto o peso relativo de ovos de codornas € maior, podendo chegar a 10% do peso
corporal.

O peso dos ovos de codornas apresenta valor médio de 12 g (COSTA et al., 2008;
JORDAO FILHO et al.,, 2011a; VIEIRA et al., 2012; LIMA et al., 2014), e ovos de
poedeiras em torno de 65 g (CARDOSO et al.,, 2014a,b; BEZERRA et al., 2015;
PASTORE et al.,, 2015). Essas peculiaridades de codornas nos remetem que estes
animais possuem exigéncias nutricionais e peso metabdlico diferentes.

Nobrega et al., (2018) demonstrou que quando foi utilizado o peso metabdlico (P%67)
a quantidade de energia ingerida, retida no corpo, retida no ovo, retida total e a producéo
de calor ocorreu aumento da resposta a medida que a concentracdo de energia na dieta
aumentou.

Por conta do amadurecimento precoce apresentado por codornas, Dodds et al.,
(2001), relataram que o uso do peso metabdlico (P%’°) ndo é ideal para aves, devendo
relacionar o peso e taxa metabdlico dos animais a 2/3 de sua superficie corporal (P%67)
(RESENDE et al., 2006).

Sendo assim, o peso metabdlico (P%87) para codornas apresenta possibilidade de
se equiparar as diferencas de superficie corporal dos animais de massa diferentes, ou
seja, atender melhor as exigéncias nutricionais, pois as exigéncias de animais com pesos

desiguais néo se relacionam com os valores de peso vivo, mas com 0 peso metabdlico.
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1.8 Métodos para Determinar as Exigéncias para Mantenca (Proteina e Energia)

A mantenca € definida como a situacdo em que a ave se encontra em equilibrio de
nitrogénio (N), ou seja, a quantidade de N ingerida devera ser igual a de N excretada.
Dessa forma a exigéncia de N ingerida necessaria para manter o animal em equilibrio de
N, ou seja, quando o balanco ou retencao de N for zero (SCOTT et al., 1982).

De modo geral, dois métodos sdo usados para estimar as exigéncias de proteina
para mantenca: o balanco de nitrogénio e o abate comparativo (SAKOMURA, 1996;
FILARDI et al., 2000). O balanco de nitrogénio permite estimar a retencdo ou perda de
nitrogénio do corpo da ave pela diferenca entre a quantidade consumida e a excretada
(BASAGLIA et al., 1998).

Ja o abate comparativo, por sua vez, estima a deposi¢do ou remoc¢ao de nutrientes
do tecido animal (ALBINO et al., 1994). O método do abate comparativo baseia-se na
premissa de que a composicdo da carcaca de um grupo de aves pode representar a
estimativa da composi¢cdo corporal da populacdo (WOLYNETZ; SIBBALD, 1987). A
metodologia de abate comparativo € mais utilizada e mais confiavel que o balanco de
nitrogénio (SILVA et al., 2004a) em razdo da retencédo de nitrogénio ser, muitas vezes,
superestimada.

O balanco de N é determinado pela diferenca entre o N excretado e o N ingerido,
medidos em ensaio de metabolismo. As exigéncias de N ou PB para mantenca podem ser
estimadas pelas relacbes matematicas entre a ingestdo e retencdo corporal de N.
(BOORMAN,1981) ou do balanco de N em funcdo do N ingerido (MACLEOD, 1990;
BASAGLIA et al., 1998)

Ja com relacdo a energia, podemos destacar duas metodologias: medidas da
producédo de calor do animal em jejum podendo ser realizada através de métodos diretos,
ou seja, calorimetria direta e indireta e métodos indiretos que € o abate comparativo e 0s
ensaios de alimentacdo para medir os componentes do balanco energético que pode ser
com um ou mais niveis de alimentacéao.

A calorimetria direta, segundo Resende et al., (2006), o calor desprendido pelo
animal é medido pelo aumento da temperatura de um volume conhecido de agua ou
corrente elétrica, gerada pelo calor que passa por meio de pares termo elétricos, podendo
ser usado o calorimetro adiabatico ou de gradiente.

Na calorimetria indireta, a producédo de calor € obtida através do quociente
respiratorio, o qual € determinado pelo balanco conjunto de oxigénio e carbono, ou de

perdas e ganhos de tecidos pelos animais. Os quocientes respiratérios (CO2:02) de



32

carboidratos, proteinas e gorduras séo 1,0; 0,8 e 0,7 respectivamente. (RESENDE et al.,
2006).

Concernentes aos ensaios de alimentacdo com apenas um nivel, o0 mesmo é
conduzido para quantificar o consumo de energia metabolizavel (EM) e a energia retida
corporal (ERc) durante um determinado periodo. Os animais sdo alimentados com uma
dieta cujo o nivel de EM é determinada para quantificar a EM ingerida. Pela técnica do
abate comparativo € quantificada a ERc (SAKOMURA; ROSTAGNO, 2007).

Ja os ensaios com diferentes niveis de alimentacdo tém a capacidade de estimar
as exigéncias de mantenca e eficiéncias energéticas, 0s quais proporcionam variacao na
energia ingerida e retida. As estimativas da exigéncia de mantenca e da eficiéncia de
utilizacdo da energia sdo determinadas pela relacao linear da ER (no corpo e/ou produtos)
em funcdo da EM ingerida (SAKOMURA; ROSTAGNO, 2007).

1.9 Métodos para Determinar as Exigéncias para Ganho (Proteina e Energia)

Segundo Emmans (1987 e 1995), para manter o balanco nutricional estavel, a ave
precisa de nutrientes que deverao ser supridos em certas taxas pela racédo para que seu
estado ndo se altere no tempo, ou seja, a ave tenha um crescimento saudavel.

As eficiéncias de utilizacdo de proteina ou de energia para ganho podem ser
determinadas pelos coeficientes de regressdo de proteina ou de energia retidas em
funcdo dos consumos de proteina ou de energia (BAKER et al., 1996).

Para estimar as exigéncias de ganho, apenas o abate comparativo € usado para
determinar o ganho de nutriente na carcaca do animal. Albino et al., (1994) utilizaram a
técnica de abate comparativo, estimaram as exigéncias de nitrogénio para ganho de peso,
considerando a relagdo entre nitrogénio ingerido em funcédo do nitrogénio retido, onde o
coeficiente de regressao, representa a exigéncia de nitrogénio para deposi¢cédo de 1 grama
de tecido corporal.

Para que a exigéncia nutricional de ganho seja determinada pela metodologia
fatorial € preciso utilizar a técnica de abate comparativo em série, objetivando verificar a
retencdo do nutriente estudado ao longo do tempo, enquanto que para estimar as
exigéncias de mantenca € necessario apenas abater as aves no inicio e no final do
periodo experimental (ALBINO et al., 1994; BAKER et al., 1996; SILVA et al., 2004ab).
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Resumo

O objetivo do trabalho foi de estimar exigencias de mantenca e ganho de energia nas
fases: 01 a 15 e 15 a 35 dias de idade. Para a energia de mantenca, 240 codornas (por
fase) foram utilizadas de acordo com delineamento inteiramente casualizado, com quatro
tratamentos (ad libitum, 75%, 50% e 25%), seis repeticdes, e dez codornas por unidade
experimental (n=655). Grupo de abate comparativo (35 fase inicial; 25 fase crescimento).
Para estimar a energia para ganho, foram abatidos grupos de 15 codornas aos 3, 6, 9, 12
e 15 dias de idade, na fase inicial, e grupos de 10 codornas aos 20, 25, 30 e 35 dias de
idade, na fase de crescimento. Todo o abate foi realizado apos jejum de 12 horas. A
equacao da energia retida em funcdo do consumo possibilitou estimar uma perda de
energia endégena em torno de 9,30 e 19,59 kcal/kg®®’/dia e exigencias de mantenca em
54,96 e 91,48 kcal/kg®®’/dia, respectivamente para as fases inicial e crescimento. O
coeficiente angular da reta obtido pela relacdo linear entre energia retida e peso da
carcaca ao longo do tempo permitiu estimar as exigencias de ganho de peso liquido em
torno de 1,40 e 1,89 kcal/g, respectivamente, para as fases inicial e de crescimento. EMA
(1-15d) = (54,96 x P%67) + (8,30 x GP). EMA (15-35d) = (92,11 x P%87) + (8,91 x GP).
EMA - energia metabolizavel aparente, (Kcal/codorna/d); P, peso vivo (kg); GP, ganho de
peso (g/codorna/d).

Palavras-chave: Abate comparativo; energia metabolizavel; equacdes de predicéo;
exigéncia de ganho; exigéncia de mantenca.

Abstract

The objective of the work was to estimate maintenance and energy gain requirements in
the phases: 01 to 15 and 15 to 35 days of age. For maintenance energy, 240 quails (per
phase) were used according to a completely randomized design, with four treatments (ad
libitum, 75%, 50% and 25%)), six replicates, and ten quails per experimental unit (n = 655).
Comparative slaughter group (35-initial phase; 25-growth phase). To estimate energy for
gain, groups of 15 quails were slaughtered at 3, 6, 9, 12 and 15 days of age, in the initial
phase, and groups of 10 quails at 20, 25, 30 and 35 days of age, in the growth phase. All
slaughter was performed after a 12-hour fast. The equation of energy retained as a
function of consumption made it possible to estimate an endogenous energy loss around
9.30 and 19.59 kcal/lkg®®’/day and maintenance requirements at 54.96 and 91.48
kcal/kg®®7/day, respectively for the initial and growth phases. The angular coefficient of the
line obtained by the linear relationship between energy retained and carcass weight over
time allowed estimating the net weight gain requirements around 1.40 and 1.89 kcal/g,
respectively, for the initial and growth. AME (1-15d) = (54.96 x W%67) + (8.30 x WG). AME
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(15-35d) = (92.11 x WO967) + (8.91 x WG). AME - apparent metabolizable energy,
(Kcal/quail /d); W, live weight (kg); WG, weight gain (g/quail/d).

Keywords: Comparative slaughter; Gain requirement; Maintenance requirement;
Metabolizable energy; Prediction equations.

Resumen

El objetivo del trabajo fue estimar los requisitos de mantenimiento y la ganancia de
energia en las fases: 01 a 15 y 15 a 35 dias de edad. Para la energia de mantenimiento,
se utilizaron 240 codornices (por fase) de acuerdo con un disefio completamente al azar,
con cuatro tratamientos (ad libitum, 75%, 50% y 25%), seis réplicas y diez codornices por
unidad experimental (n = 655). Grupo de sacrificio comparativo (35 fases iniciales; 25
fases de crecimiento). Para estimar la energia para la ganancia, se sacrificaron grupos de
15 codornices a los 3, 6, 9, 12 y 15 dias de edad, en la fase inicial, y grupos de 10
codornices a los 20, 25, 30 y 35 dias de edad, en la fase de crecimiento. Toda la matanza
se realizé después de un ayuno de 12 horas. La ecuacion de energia retenida en funcién
del consumo permitio estimar una pérdida de energia endégena alrededor de 9.30 y 19.59
kcal’kg®®’/dia y requisitos de mantenimiento en 54.96 y 91.48 kcal/kg®®/dia,
respectivamente, para las fases iniciales y de crecimiento. El coeficiente angular de la
linea obtenida por la relacién lineal entre la energia retenida y el peso de la carcasa a lo
largo del tiempo permitid estimar los requisitos de ganancia de peso neto alrededor de
1.40 y 1.89 kcallg, respectivamente, para la inicial y crecimiento. EMA (1-15d) = (54.96 x
PO67) + (8.30 x GP). EMA (15-35d) = (92.11 x P%¢7) + (8.91 x GP). EMA - energia
metabolizable aparente, (Kcal/codorniz/d); P, peso vivo (kg); GP, aumento de peso
(g/codorniz/d).

Palabras clave: Sacrificio comparativo; Energia metabolizable; Ecuaciones de prediccion;

Requisito de ganancia; Requisito de mantenimiento.

1. Introduction

The production of quails in Brazil in 2018 reached a total of 16.8 million heads,
either for meat or eggs, and 297.3 million dozens of eggs, a growth of 3.9% compared to
2017, while the production of quail eggs fell 2.1% (IBGE, 2019).

Several methodologies of nutritional predictions that are applied to chickens and
laying hens (Sakomura & Rostagno, 2016) are effective for use with quails, however they
need a more careful evaluation, due to the peculiarities inherent to the Coturnix genus, in

order to provide consistent results. Quails, whether intended for laying or cutting, have
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early maturity that are related to the growth rate and size of the animals (Arango & Van
Vleck, 2002; Tholon et al., 2012; Drumond et al., 2013; Mota et al., 2015; Demuner et al.,
2017; Grieser et al., 2017; Grieser et al., 2018), therefore, smaller animals have higher
growth rates and younger age until maturity.

Early growth is related to the time it takes the animal to reach sexual maturity, it is a
guiding parameter in breeding programs and also denotes different nutritional needs for
the animals. In this sense, the models that describe growth curves (Drumond et al., 2013;
Mota et al., 2015; Demuner et al., 2017; Grieser et al., 2018) validate the premise that
each species/lineage, category animal has different nutritional needs.

Because of these peculiarities, the literature presents two methods of predictions,
namely: the dose-response method, which is based on the performance of birds in
response to increasing levels of intake of a certain nutrient in a basal diet, and then a
model is applied mathematician to assist in the interpretation of results which can maintain
influence on the estimates (Fisher et al., 1973; D"Mello, 1994; Morris, 1989, Pack, 1996).

In this procedure, the maintenance and weight gain needs of the birds per phase
are not considered, that is, this method is very conservative, since the maintenance, gain
and production estimates are obtained together with possible replication only under
conditions similar to that of original experiment, being one of the biggest drawbacks of this
method (Gous, 1998).

The factorial method of estimating predictions differs from dose-response because it
is possible to estimate nutritional predictions by separating the components of
maintenance, gain and production (Sakomura & Rostagno, 2016), and may also include
other variables in the models, such as temperature and humidity (Filho et al., 2011a,
2011b), being simplified representations of the understanding of animal metabolism
(Oviedo-Rondon & Waldroup 2002).

The development of prediction models based on the factorial methodology gains
importance due to the flexibility and simplicity of use, which can be manipulated by poultry
technicians, who, with the model and the calculator, can obtain, indirectly and quickly, the
nutritional requirements of the birds and updating the formulations, without the need for
biological tests (experiments) and laboratory analyzes (Silva et al., 2004a, 2004b; Filho et
al., 2011a, 2011b).

In the literature, it is possible to find available models for predicting nutritional needs
based on the factorial methodology for broilers (Longo et al., 2001), growing quails (Silva
et al. 2004a, 2004b), laying hens (Sakomura et al., 2002) and Japanese and European
quails in growth and laying (Filho et al., 2011a, 2011b), these authors suggested that the
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metabolic rate or metabolic weight (relationship between weight and body surface) is
related to 3/4 of weight, that is, they suggest that the metabolic weight is Kg®7>.

However, Dodds (2001) in an extensive review on the topic suggests that the
metabolic rate in animals with a body weight below 10 kilos is related to 2/3 and not 3/4 of
their weights.

Nobrega et al., (2018) working with quails, suggested that when the metabolic
weight (kg®®’) was used, the amount of energy retained in the body, retained in the egg,
retained in total and the production of heat, increased in relation to the use of weight rate
metabolic rate of kg®7®.

Few data are available on the nutritional requirements of Japanese quails, based on
the factorial methodology. Given the above, this research aims to develop models of
energy-nutritional requirements for Japanese quails from 01 to 35 days old, using the
factorial methodology.

2. Materials and Methods

This work was identified as field research, carried out in an Experimental Shed, with
gualitative and quantitative treatments (Pereira et al., 2018). The experiment was
conducted at the Poultry Sector of the School of Veterinary Medicine and Animal Science
at the Federal University of Tocantins (FUT), Araguaina/TO, Brazil.

The experiment was carried out from November 19 to December 22, 2019. The
research project was approved and registered with the FUT Animal Use Ethics Committee,
under n° 23.101.00179/2.017-53.

The experimental shed had blue side curtains and was equipped with 24
galvanized wire cages. They measured 0.52x0.51x0.3m (0.26 m?/quail) and had an
incandescent lamp of 70 W/each. The quails were weighed and distributed in the cages
listed and labeled according to the treatments and their repetitions according to the
average weight of each batch, in order to determine the energy needs for maintenance.

Quails designed to establish the need for energy for gain were placed on the floor
covered with wood shavings. The space was equipped with 70 W incandescent lamps.
The shed had 70 w incandescent lamps, drinking fountains and pressure feeders. The
water and the diet were provided at will for the quails present in this environment.

A commercial digital thermo-hygrometer was used to measure the ambient air
temperature and relative humidity twice a day (8 am and 4 pm) during the experimental
period. The experimental diets (Table 1) were formulated according to the Brazilian Table

for Poultry and Swine (Rostagno et al., 2017).
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Table 1. Chemical composition and percentage of experimental diets.

: 01-15 days age 15-36 days age
Ingreeients (@100 Percent composition of diets

Corn 57.805 590.811
Soybean meal 36.862 36.082
Degummed oil 1.278 0.763
Dicalcium phosphate 2.207 1.749
Calcitic limestone 1.099 0.923
Common salt 0.483 0.506
DL-Methionine 99% 0.161 0.113
L-Lysine HCI 78% 0.063 0.005
L-Threonine 98.5% 0.002 0.009
Premixt 0.040 0.040

Total 100.00 100.00

Nutrients (%) Chemical composition of diets g/kg dried matter

Metabolizable energy (Mcal/kg of diet) 2.9 2.9
Crude protein 21.28 21.09
Calcium 1.092 0.911
Available phosphorus 0.513 0.428
Sodium 0.205 0.214
Potassium 0.860 0.852
Chlorine 0.371 0.374
Electrolytic balance (mEg/kg) 204.50 290.35
Digestible lysine 1.095 1.034
Digestible methionine + cystine 0.744 0.693
Digestible threonine 0.733 0.734
Digestible valine 0.898 0.889
Digestible isoleucine 0.835 0.826
Digestible tryptophan 0.245 0.242
Digestible arginine 1.343 1.326
Digestible histidine 0.522 0.518
Digestible glycine + serine 1.734 1.716
Digestible phenylalanine + tyrosine 1.722 1.705
Digestible leucine 1.680 1.674

TComposition per 100kg: Manganese 18.17mg, Zinc 17.50mg, Iron 11.25mg, Copper 2,000mg, lodine 187.50mg,
Selenium 75mg, Vitamin A 1,400 IU, Vitamin D3 300 IU, Vitamin E 2.50mg, Vitamin K3 300mg, Vitamin B1 380mg,
Vitamin B2 1,000mg, Vitamin B5 520mg, Vitamin B12 2,000mg, Folic acid 162.50mg, Pantothenic acid 2,600mg, Niacin
7,000mg, Choline, 593.49mg, Antioxidant additive 25mg, Halquinol 7,500mg, Salinomycin 16.50mg. Source: own
research.

A total of 655 female Japanese quails were used. The experiment was divided into
two parts, the first (1 to 15 days old) using 350 quails with an initial average weight of 6.71
+ 0.5 g / quail, where 240 were placed in the cages, 75 on the floor and 35 slaughtered at
1 day of life to be part of the reference slaughter of the initial phase.

In the second phase (15 to 35 days of age), 305 female quails with an average
initial weight of 46.84 + 0.5 g / quail were used; 240, 40 and 25 which correspond,
respectively, to the total number of quails to estimate the needs of the reference
maintenance, gain and slaughter group.

The energy needs for quail maintenance and gain in the aforementioned phases
were estimated using the comparative slaughter methodology, which uses a single feed
(isoenergetic and isoprotein) with levels of consumption supply at will, even below
maintenance (Silva et al., 2004ab, Albino et al., 1994) and slaughter at the beginning and
end of the experimental period (Sakomura & Rostagno 2016). For this, a group of 35
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guails (initial phase) were slaughtered at 1 day of age (reference slaughter), and all quails
in the plots were slaughtered at the end of the experiment when the birds were 15 days
old. For the growth phase, a group of 25 quails was slaughtered at 15 days of age
(reference slaughter), and all quails in the plots were slaughtered at the end of the
experiment when they reached 35 days of age.

At the end of each phase, quails were fasted for 12 hours of solids, weighed again
and slaughtered by cervical dislocation, avoiding the loss of blood and feathers, to allow

the assessment of nutrient deposition in the carcass.

The quails used to estimate the maintenance energy in the initial and growing
phases were distributed in the cages and received the treatments according to a
completely randomized design (DIC), with four levels of feed supply (ad libitum, 75, 50 and

25% of consumption ad libitum), six repetitions with ten quails per experimental unit.

The requirement for gain was determined by serial slaughter to verify nutrient
retention throughout the period (Albino et al., 1994a, Baker et al., 1996, Silva et al., 2004).
75 quails were used to estimate the energy needs for gain in the initial phase with the
slaughter of 15 animals every three days (3, 6, 9, 12 and 15 days of age) and 40 quails in
the growth phase with slaughter of 10 quails every five days (20, 25, 30 and 35 days old).

The slaughtered carcasses were identified, packed in plastic bags, stored in a
freezer, and then shredded twice in a meat shredder (industrial cutter), weighed and
placed in a forced ventilation oven at 55°C for approximately 72 hours to perform the

procedure. pre-drying and then grinding in a Willey mill.

Ahead, the samples were processed two more times in the meat grinder and once
in the mill to obtain more homogeneous samples for further chemical analysis (AOAC,
2005) and measurement of the raw energy values of the samples in the calorimetric pump
of the animal nutrition laboratory from the Federal University of Tocantins (FUT), Campus

of the School of Veterinary Medicine and Animal Science (EMVZ) of Araguaina.

With the data obtained, it was possible to calculate feed intake (g/quail/day),
metabolizable energy consumption (kcal/quail/day), retained energy (kcal/quail/day), heat
production (kcal/quail/day), gross carcass energy (kcal/g), carcass dry matter (%) and
fasting quail weight (g/quail).

The energy requirement for maintenance (Em) was obtained by linear regression
(equation) of retention as a function of energy consumption. Making an extrapolation for
retention equal to zero, the need for maintenance was given by the 'a/b’ ratio expressed in
metabolic weight Kg®%” (Dodds, Rothman and Weitz, 2001).
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This expression of maintenance with metabolic weight is related to body mass and
takes into account the allometric growth of the animal, that is, this characteristic provides a
better means of comparison between animals of different ages, since smaller animals
produce more heat and consume more food per body size unit than larger animals
(HEADY, 1975). The efficiency of use (kg) of energy actually used by the animal was given

by parameter 'b' of the referred equation.

The need for net maintenance energy (LMe), or the loss of energy in the form of
heat, was estimated by the exponential relationship of heat production as a function of
energy consumption expressed in metabolic weight. The efficiency of using Em from the
diet in ELm was given by the relationship between the requirements of LMe/Em.

The net energy for gain (LEg) was determined as the slope of the linear ratio of
gross body energy (parameter “b” of the equation) as a function of the fasted carcass
weight. The food or dietary need for gain was obtained considering the efficiency of energy
use for maintenance (LEg/kg).

The metabolic weight (Kim, 1995) of the initial and growth phase was estimated as
respectively [(0.0067 + 0.04626) / 2]°67 = 0.088 kg and [(0.0484 + 0.11075) / 2]°¢” = 0.183
kg.

The errors were submitted to the Kolmogorov—Smirnov's normality test (a = 0.01).
The homogeneity of variances was evaluated by the Levene's test (a = 0.01), and all
variables showed a normal distribution of errors and homoscedasticity (SAS, 9.0, Proc
GLM).

Linear and exponential equations (a = 0.01) were estimated (SAS, 9.0, Proc NLin),
and graphs were made using the Excel 2019 software. All proposed models had a
significant effect (t-test, a = 0.01) on the parameters of the equations 80" and 'B1', with a
probability of P<0.05.

3. Resulted e Discussion

Ambient air temperatures and relative, minimum and maximum relative air humidity
observed during the phases under study, respectively, were 24.05, 22.1 and 35.2°C,
humidity was 84.9, 73 and 95 %.

It is possible to observe (Table 2) a significant drop in the live weight of the carcass,
in the consumption of feed and metabolizable energy, in the retained energy, in the gross
body energy and heat production of Japanese quails from 01 to 35 days old. Such
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reductions were also observed by (Silva et al., 2004a, 2004b; Longo et al., 2006; Filho et
al., 2011a, 2011b; Sakomura et al., 2005).

A drop in the feed consumption of the quails, and consequently, a drop in energy
intake accompany the drop observed in these variables (Table 2). This finding is relevant
and valid for the method used to understand the phases of animal metabolism:
maintenance and weight gain in the phases, one to 15, and 15 to 35 days of age.

The estimated maintenance requirement for energy for quails in the initial (01 to 15
days old) phase (RE = (0.1692 + 0.004) x EC — (0.8183 + 0.082), adjusted r?> = 0.98) and
was estimated in relation to the metabolic weight (0.088 kg/quail) in 54.96
kcal/lkg®®’/quail/day (Figure 1), where RE is the energy retained and EC the energy
consumed.

The estimated maintenance requirement for energy for quails in the growth (15 to
35 days old) phase (RE = (0.2127 + 0.007) x EC — (3.5854 + 0.232), adjusted r? = 0.97)
and was estimated in relation to the metabolic weight (0.183 kg/quail) in 92.11
kcal/kg®®’/quail/day (Figure 1), where RE is the energy retained and EC the energy

consumed.

Figure 1. Relationship between energy retention in the carcass and metabolizable energy
consumption of quails Japanese from 01 to 35 days age.
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Source: own research.

Silva et al. (2004a) for quails in the initial phase (1 to 12 days old) estimated
maintenance at 77.07 kcal/kg®"/day. For the 15 to 32-day phase, Silva et al. (2004b)
estimated values of 91.48 kcal/kg®®/day, Filho et al. (2011a) for Japanese quails in the
growth phase (16 to 36 days old) estimated maintenance at (98.37 - 0.205xT) x kg®7’®
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kcal’kg®"®/day and European quails at (115.08 - 0.3939xT) x kg®7® kcal/kg®>/day. These
researches were made with quails housed in cages.

These values differ from those found in the present research, which were
respectively 54.96 and 92.11 kcal/kg®®’/day for quails in the phases from one to 15 and 15
to 35 days of age. In Silva's (2004a; 2004b) and Filho’s (2011a) works, the researchers
used a mass ratio and body surface of 3/4 (kg®7®), while in the present research, the ratio
of 2/3 (kg®®’) was used, which can reduce the metabolic rate in 1/12 weight for

maintenance energy.

Table 2. Fasting carcass weight (FCW - g/quail), Metabolizable energy consumption (MEC
- kcal/quail/day), Gross carcass energy (GC - kcal/dry matter), Gross body energy (GBc -
kcal/g), Retained energy (ER - kcal/g/day) and Heat production (HP - kcal/day) of
Japanese quails according to age, feed supply levels (FSL - %), reference slaughter (RS).

Maintenance (01 to 15day)

. FCW fMEC GC# GBS RE" HP¥

RS (17 day) 6.71 - 1.25 8.35 - -

FSL Final Slaughter - 15° day

100 46.36+0.60 25.32+0.74 1.24+0.03 57.48+1.77 3.51+0.13 21.81+0.79

75 34.97+1.16 18.77+0.16 1.14+0.06 40.04+2.54 2.26+0.18 16.51+0.22

50 24.33+1.33 12.74+0.09 1.14+0.02 27.86+1.98 1.40+0.14 11.34+0.14

25 12.89+0.77 6.62+0.32 0.96+0.01 12.34+0.74 0.29+0.05 6.34+0.36
Age (days) Gain (01 to 15day)

01 6.71 - 1.25 8.37 - -

03 8.33 - 1.08 8.98 - -

06 14.67 - 1.16 17.06 - -

09 24.33 - 1.33 32.25 - -

12 34.33 - 1.35 46.20 - -

15 48.40 - 1.36 65.64 - -

Maintenance (15 to 35 day)
o FCW MECT GC* GB® RET HP*

RS (15° day) 48.40 i 1.356 65.65 ; :

FSL Final Slaughter - 35° day

100 110.75+2.50 45.57+1.98 1.72+0.08 189.86+7.44 6.21+0.37 39.36+2.20

75 98.13+7.15 33.11+0.07 1.40+0.11 136.87+5.82 3.56+0.29 29.54+0.32

50 65.45+1.40 22.28+0.09 1.23+0.02 80.67+1.61 0.75+0.08 21.53+0.13

25 43.00+0.15 12.64+0.22 1.21+0.01 52.28+0.09 -0.67+0.10 13.31+0.22
Age (days) Gain (15 to 35day)

15 48.40 - 1.36 65.64 - -

20 70.00 - 1.54 107.51 - -

25 90.50 - 1.57 142.48 - -

30 97.00 - 1.58 153.44 - -

35 102.50 - 1.69 173.14 - -

TMEC = obtained by multiplying the energy content of the diet and the FC. $1GC = Energy corrected for carcass dry
matter content. 8GBc = obtained by multiplying the GC and the FCW. RE = subtraction of the GBc at the end of the
experiment by the GBc of the reference slaughter, by day. ¥HP = MEC - RE. Averages in columns with different letters
are statistically different by the Tukey test (a = 0.05). Source: own research.

Dodds (2001) reported that for quails, the correct approach is to relate to the
animal's metabolic rate to 2/3 of its mass and body surface. It can also be inferred that, in
the first phase (1 to 15 days), quails that consumed only 25% of the ration, in relation to
the treatment of consumption at will, presented a loss of 9.30 kcal/kg®87/day; quails from
phase from 15 to 35 days of age, recorded a loss of around 19.59 kcal/kg®®¢’/day.
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A possible explanation for this characteristic is that in the initial phase, the
maintenance was around 54.96 kcal/kg®®’/day while in the growth phase it was around
92.11 kcal/kg®®7/day, with this, a greater demand can reflect in a greater need and thereby
break the tissues to obtain energy. This premise validates the need to split the requirement
for keeping quails according to age.

Another explanation is that the lower energy requirement for maintenance initial
phase (54.96), 40% less, may be due to the heating of the environment with incandescent
lamps, as there was a reduction in energy expenditure to control homoeothermic.

In the second phase, the maximum temperatures reached 35.9°C, which can have
the opposite effect, that is, greater energy expenditure for maintenance (92.11) in order to
maintain homoeothermic, by example.

In the works of Silva et al. (2004a, 2004b) the values were closer (77.07 vs 91.48
kcal/Kg®"®/day), this difference was mainly attributed to the difference in the weight of the
birds in the two phases studied by Silva et al. (2004a, 2004Db).

The above finding (present research) can be verified when comparing the efficiency
of using energy for maintenance. Extrapolating to zero energy intake, the efficiencies for
both phases were 96.93% and 62.84%, respectively (Figure 2), for the initial and growth
phases. However, a difference between the phases was already expected, since quails in
the second phase (15 to 35 days) have higher weights and greater weight gains (Table 2).

Figure 2. Relationship between heat production and metabolizable energy consumption of

guails Japanese from 01 to 35 days age.
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The estimate of the net requirement energy (Initial phase, Figure 2) for maintenance

was estimated by the exponential relationship of heat production and energy consumption
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(HP = (4.6878 + 0.257) x (00528 £ 0.002)'EC ' zdjusted r> = 0.99), expressed in a metabolic
weight, of 53.27 kcal/kg®®’/day. Therefore, it was possible to calculate the efficiency of use
of Em of the diet in NEm as 96.93%.

The estimate of the net requirement (Growth phase, Figure 2) for maintenance was
estimated by the exponential relationship of heat production and energy consumption (HP
= (10.5913 + 0.428) x (00291 £0.001'EC 2 = 0 99), expressed in a metabolic weight of 57.88
kcal/kg®®7/day.

It was possible to calculate the efficiency of use of Em of the diet in NEm as
62.84%. The maintenance requirement of 54.96 kcal/kg®®’/day was less than that
observed by Albino et al. (1994), of 142 and 164 kcal/kg®®/day, respectively, for pullets of
light lines EMB-011 and Lohmann LSL. Filho et al. (2011) observed values of (98.37 -
0.205xT) kcal/kg®">/day.

Comparing the energy use efficiencies, it was observed that in this research, for the
initial (1 to 15) and growth (15 to 35 days old) phases were 16.92% and 21.27%,
respectively. These results contradict the findings by Silva et al. (2004a, 2004b) since the
authors observed greater efficiency for the first phase under study (1 to 12) compared to
the second (15 to 32 days of age), efficiencies of 28.56% and 23.60%, respectively.

Filho et al. (2011a) observed the efficiency in the use of diet energy at around 17%
to 25% for quails housed, respectively, at temperatures of 18, 24, and 28°C. For quails at
room temperature and housed in Filho et al. (2011a), they registered 23% efficiency. All
the efficiencies compared were greater than those presented in this research were.

It is inferred that the lesser use of energy, by quails in this research in the first
phase, may be related to the absolute digestive capacity of quails. lji et al. (2001) and
Murakami et al. (1992) reported that the maximum relative growth of the intestine occurs
up to seven days of age, however, and Grieser et al. (2015) demonstrate that the
maximum absolute weight occurs at 20 days of age, that is, greater volumetric capacity
and capacity to obtain energy from the feed. The rapid relative growth of the intestine up to
seven days (lji et al., 2001; Murakami et al., 1992) did not reflect in greater utilization,
which may suggest that greater emptying of the intestine due to its lower absolute weight
at this age, with this low total digestive capacity.

The ingested energy showed the efficiency of use as 16.92% and 21.27%,
respectively, for the initial and growth phases. Albino et al. (1994), registered for chickens
of lines EMB-011 and Lohmann 47% and 55%, respectively.

One possible explanation may be related to a greater loss of heat in relation to quail
mass and body surface (Macleod & Dabhuta, 1997; Dodds, 2001), what in this research

was related to 2/3. The lower relative weight of the quail intestine, consequently greater
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speed in the passage of feed (Murakami & Furlan, 2002) may explain the lower digestive
efficiency among quails, hens, and laying hens.

Another possible explanation is that quails are animals with wild habits, that is, they
are more affected with the presence of human beings, or even, they present greater
agitation and movement inside the installations/cages.

In Filho’s (2011a) works, comparing Japanese quails housed (93.58 kcal/kg®">/day)
in cages and on the ground (95.23 kcal/kg®’®/day), it was evident that there is a greater
need for energy for maintenance when animals have space to move, that is, raised on the
ground in detriment of cages.

The net requirement for gain (NEg) was estimated by the linear relationship
between body energy retentions (Figure 3) over time (01, 03, 06, 09, 12, and 15 days of
age) as a function of fasting carcass weight of quails and the following equation was
obtained: BEr = (1.4037 + 0.025) x FCW — (2.2498 + 0.697), adjusted r? = 0.99 which was
1.40 kcal/g. The dietary requirement for gain was obtained through the NEg ratio by the
efficiency of use (kg) of energy by the animals, resulting in 8.30 kcal/g.

The net requirement for gain (NEg) was estimated by the linear relationship
between body energy retentions (Figure 4) over time (15, 20, 25, 30, and 35 days of age)
as a function of the fasting carcass weight of the quails and the following equation was
obtained: BEr = (1.8955 + 0.094) x FCW — (26.382 + 7.881), adjusted r? = 0.99 which was
1.896 kcal/g. The dietary requirement for gain was obtained through the NEg ratio by the

efficiency of use (kg) of energy by the animals, resulting in 8.92 kcal/g.

Figure 3. Relationship between gross body energy retained in the carcass over time as a
function of fasting carcass weight of quails Japanese from 01 to 15 days age.
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Silva et al. (2004a; 2004b) found values of dietary energy for weight gain
respectively of 4.64 and 9.32 kcal/g for the phases of 01 to 12 and 15 to 32 days of the
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age of Japanese quails. A 100.86% increase in the requirement. This difference must be
the biggest weight gain in the growth phase (3.5 g/quail/day) in relation to the initial phase
(2.45 g/quail/day) and also the energy smallest efficiency in the second phase (22%)
compared to the first (28%).

Silva et al. (2004a; 2004b) found values of dietary energy for weight gain
respectively of 4.64 and 9.32 kcal/g for the phases of 01 to 12 and 15 to 32 days of the
age of Japanese quails. A 100.86% increase in the requirement. This difference must be
the biggest weight gain in the growth phase (3.5 g/quail/day) in relation to the initial phase
(2.45 g/quail/day) and also the energy smallest efficiency in the second phase (22%)
compared to the first (28%).

Figure 4. Relationship between energy retained in the carcass over time as a function of
fasting carcass weight of quails Japanese from 15 to 35 days age.
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In the present study, the values of dietary energy for weight gain were 8.30 and
8.92 kcal/g respectively (01 to 15 and 15 to 35 days age) which represents an increase of
7.47%. The observed weight gains were greater in the first phase (2.78 g/quail/day)
compared to the second phase (2.71 g/quail/day).

Regarding energy use efficiencies, 16.92 were observed in the initial phase and
21.27% in the growth phase. That explains the smaller variation between the dietary
requirements observed in the present research in relation to Silva's findings (7.47 vs
100.86%).
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4. Conclusion and Suggestions

Finally, it is important that more research is carried out, as there is still little data
available on the requirements of Japanese quails, based on the factorial methodology in
the initial and growth phases with regard to energy.

The predictions equations to estimate the daily maintenance and energy gain
requirements in Japanese quails in the initial and growth phases were, where AME is the
apparent metabolizable energy requirement; W, live weight (kg); WG, weight gain
(g/quail/day).

1. The initial phase AME (Kcal/quail/day) = 54.96 x W%67 + 8.30 x WG

2. The growth phase AME (Kcal/quail/day) = 92.11 x W67+ 8,91 x WG
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Resumo

Seiscentos e cinquenta e cinco codornas japonesas foram usadas para estimar as
exigéncias de mantenca e ganho de proteina de um a 15 e 15 a 35 dias de idade. Para
estimar a proteina para mantenca, 240 codornas (por fase) foram utilizadas de acordo
com um delineamento inteiramente casualizado, com quatro niveis de fornecimento de
racao (ad libitum, 75%, 50% e 25%) e seis repeticbes de dez aves. Grupo de abate
comparativo (35 e 25 codornas, respectivamente, na primeira e na segunda fase). Para
estimar a proteina para ganho, grupos de 15 codornas foram abatidas aos 3, 6, 9, 12 e 15
dias de idade, na fase inicial, e grupos de 10 codornas aos 20, 25, 30 e 35 dias de idade,
na fase de crescimento. Todos os abates foram realizados apés jejum de 12 horas. A
equacao de regressao linear da proteina retida em funcédo do consumo de proteina bruta
possibilitou estimar perda endégena de proteina em torno de 0,7 e 2,19 g/kg®®’/dia e os
requisitos de mantenca em 2,095 e 6,301 g/kg®%’/dia, respectivamente para as fases:
inicial e de crescimento. O coeficiente angular obtido pela relacdo linear entre a proteina
retida e o peso da carcaca ao longo do tempo permitiu estimar as eficiéncias de ganho
liquido em torno de 0,284g/g (fase inicial) e 0,310 g/g (fase de crescimento). As equacdes
para predizer a necessidade diaria de proteina de um a 15 (PB1-15d) e de 15 a 35 dias
(PB15-35d) foram respectivamente: PB (1-15d) = (2,095 x P%¢7) + (0,851 x GP) e PB (15-
35d) = (6,30 x P%67) + (0,894 x GP), onde P é peso vivo (kg) e GP é ganho de peso
(g/codorna/d).

Palavras-chave: Abate comparativo; Exigéncia de ganho; Exigéncia de mantenca;

Equacbes de predicdo; Proteina bruta.

Abstract

Six hundred and fifty five female Japanese quails were used to estimate the maintenance
and protein gain requirements from one to 15 and 15 to 35 days of age. To estimate the
protein for maintenance, 240 quails (per phase) were used according to a completely
randomized design, with four levels of feed supply (ad libitum, 75%, 50% and 25%) and six
replicates of ten birds. Comparative slaughter group (35 and 25 quails, respectively, in the
first and in the second phase). To estimate the protein for gain, groups of 15 quails were
slaughtered at 3, 6, 9, 12 and 15 days of age, in the initial phase, and groups of 10 quails
at 20, 25, 30 and 35 days of age, in the phase growth. All slaughter was performed after a
12-hour fasting. The linear regression equation of the protein retained as a function of
crude protein consumption made it possible to estimate an endogenous protein loss
around 0.7 and 2.19 g/kg®®’/day and the maintenance requirements at 2.095 and 6.301

g/kg®87/day, respectively for the initial and growth phases. The angular coefficient of the
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line obtained by the linear relationship between the retained protein and the carcass
weight over time allowed to estimate the net gain efficiencies around 0.284 g/g (initial
phase) and 0.310 g/g (growth phase). The equations for predicts daily protein
requirements from one to 15 (CP1-15d) and from 15 to 35 days (CP15-35d) were
respectively: CP (1-15d) = (2.095 x W%6%) + (0.851 x WG) and CP (15-35d) = (6.30 x
W067) +(0.894 x WG), were W is live weight (kg) and WG is weight gain (g/quail/d).

Keywords: Comparative slaughter; Crude protein; Gain requirement, Maintenance

requirement; Prediction equations.

Resumen

Se utilizaron seiscientas cincuenta y cinco codornices japonesas para estimar los
requisitos de mantenimiento y ganancia de proteinas de uno a 15 y de 15 a 35 dias de
edad. Para estimar la proteina para el mantenimiento, se usaron 240 codornices (por
fase) de acuerdo con un disefio completamente al azar, con cuatro niveles de suministro
de alimento (ad libitum, 75%, 50% y 25%) y seis réplicas de diez aves. Grupo de sacrificio
comparativo (35 y 25 codornices, respectivamente, en la primera y en la segunda fase).
Para estimar la ganancia de proteina, se sacrificaron grupos de 15 codornices a los 3, 6,
9, 12 y 15 dias de edad, en la fase inicial, y grupos de 10 codornices a los 20, 25, 30 y 35
dias de edad, en La fase de crecimiento. Toda la matanza se realiz6 después de un
ayuno de 12 horas. La ecuacion de regresion lineal de la proteina retenida en funcion del
consumo de proteina cruda permitié estimar una pérdida de proteina endégena alrededor
de 0.7 y 2.19 g/kg®®’/dia y los requisitos de mantenimiento en 2.095 y 6.301 g/kg®®’/dia,
respectivamente para las fases inicial y de crecimiento. El coeficiente angular de la linea
obtenida por la relacion lineal entre la proteina retenida y el peso de la carcasa a lo largo
del tiempo permitio estimar las eficiencias de ganancia netas alrededor de 0.284 g/g (fase
inicial) y 0.310 g/g (fase crecimiento). Las ecuaciones para predicen los requerimientos
diarios de proteinas de uno a 15 PB (1-15d) y de 15 a 35 dias PB (15-35d) fueron
respectivamente: PB (1-15d) = (2.095 x P%67) + (0.851 x GP) y PB (15-35d) = (6.30 x
P067) + (0.894 x GP), donde P es peso vivo (kg) y GP es ganancia de peso (g/codorniz/d).
Palabras clave: Ecuaciones de prediccion; Matanza comparativa; Requisito de ganancia;

Requisito de mantenimiento; Poteina cruda.

1. Introduction

Created for various purposes (hunting, meat, ornamentation, eggs), the production

of quails is a worldwide reality. Countries like Spain, France, China and the United States
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stand out for their meat production, however, when the production is destined for the
production of eggs, countries like China, Japan and Brazil stand out (Vieira et al., 2017).
The production of quails in Brazil in 2018 reached a total of 16.8 million heads, either for
meat or eggs, and 297.3 million dozens of eggs, a growth of 3.9% compared to 2017,
while the production of quail eggs fell 2.1% (IBGE, 2019).

Several methodologies of nutritional predictions applied to chickens and layers
(Sakomura & Rostagno, 2016) are effective in the use of quails as well, however they
need a more careful evaluation, due to the peculiarities inherent to the genus Coturnix, in
order to provide consistent results. Quails, whether intended for laying or cutting, have an
early maturity, which are related to the growth rate and size of the animals (Arango & Van
Vleck, 2002; Tholon et al., 2012; Drumond et al., 2013; Mota et al., 2015; Demuner et al.,
2017; Grieser et al., 2017; Grieser et al., 2018), therefore, smaller animals have higher
growth rates and younger age until maturity.

Early growth is related to the time it takes the animal to reach sexual maturity, this is
a guiding parameter in breeding programs and also denotes different nutritional needs for
these animals. In this sense, the models that describe growth curves (Drumond et al.,
2013; Mota et al., 2015; Demuner et al., 2017; Grieser et al., 2018) validate the premise
that each species / lineage, category animal has different nutritional needs. Comparing
Gompertz growth curves for Japanese quails (Mota et al., 2015; Grieser et al., 2017), beef
guails (Drumond et al., 2013; Grieser et al., 2017), light and semi-heavy laying hens
(Neme et al.,, 2006) and chickens (Demuner et al., 2017), Japanese quails have the
highest maturity rate, which refers to greater nutritional needs, proteins, amino acids,
among others.

There are two basic methods (dose response and factorial method) for determining
the nutritional needs of birds. However, several mathematical models and techniques for
formulating diets that combine with the dose-response method, and techniques such as
comparative slaughter (CS) and nitrogen balance (NB), are used in the factorial model to
predict the values of nutritional requirement of crude protein and amino acids for quails.

The dose-response method (Sakomura & Rostagno, 2016) for estimating birds
'needs is based on changing nutrient data in the diet in increasing doses and after
assessing the animals' performance (eg weight gain, feed conversion, etc.) and with the
aid of mathematical models (linear, quadratic, linear response plateau) the ideal level is
estimated (Rostagno et al., 2007; Pesti et al., 2009).

The factorial method of estimating requirements differs from the first because it is
possible to estimate requirements by separating the components of maintenance, gain and

production (Sakomura & Rostagno, 2016), and may also include other variables in the
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models, such as temperature and humidity (Filho et al., 2011a, 2011b) which are simplified
representations of the understanding of animal metabolism (maintenance, gain and
production) (Oviedo-Ronddén & Waldroup 2002).

The development of prediction models based on the factorial methodology gains
importance due to the flexibility and simplicity of use, which can be manipulated by poultry
technicians, who, with the model and the calculator, can obtain, indirectly and quickly, the
nutritional requirements of the birds and updating the formulations, without the need for
biological tests and laboratory analyzes (Silva et al., 2004a, 2004b).

Among the different models of prediction of nutritional needs based on the factorial
methodology that can be found in the literature, we have models for broilers (Longo et al.,
2001), growing quails (Silva et al. 2004a, 2004b), laying hens (Sakomura et al., 2002) and
Japanese and European quails in growth and laying (Filho et al., 2011a, 2011b), these
authors suggested that the metabolic rate (relationship between weight and body surface)
is related to 3/4 of their weight, that is, they suggest a metabolic weight of Kg°®.

Dodds (2001), on the other hand, in an extensive review on the subject, suggests
that the metabolic rate in animals with body weight below 10 kilos is related to 2/3 and not
3/4 of their weight. NObrega et al. (2018) working with quails, suggest that when the
metabolic weight (kg®%7) was used, the amount of protein retained in the body, retained in
the egg, retained in total and the production of heat, increased in relation to the use of
weight rate metabolic rate of Kg®7°.

Few data are available on the needs of Japanese quails, based on the factorial
methodology. Given the above, this research was based on the elaboration of models of
protein nutritional requirements for Japanese quails from 1 to 35 days old, using the
factorial methodology.

2. Materials and Methods

The authors confirm that the ethical policies of the journal, as noted on the journal’s
author guidelines page, have been adhered to and the appropriate ethical review
committee approval has been received with the approval of the Committee for Animal Use
in Experimentation CEUA/FUT under (n° 23.101.00179/2.017-53).

The experiment was conducted at the Poultry Sector of the School of Veterinary
Medicine and Animal Science at the Federal University of Tocantins (FUT), Araguaina/TO,
Brazil. The experiment was carried out from November 19 to December 22, 2019.

The experimental shed had side curtains in a blue color and was equipped with 24

galvanized wire cages. The cages measured 0.52x0.51x0.3 m (0.26 m?/quail) and had a
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70-Watts incandescent lamp. The quails were weighed and distributed in the enumerated
cages and labeled according to the treatments and their repetitions according to the
average weight of each batch, in order to determine the protein maintenance needs.

Quails designed to establish the need for protein for gain were placed on the floor,
which was covered with wood shavings. The space was equipped with a 70 Watt
incandescent lamp. The shed had 70 watt incandescent lamps, drinking fountains and
pressure feeders. The water and the diet were provided at will for the quails present in this
environment. A commercial digital thermo-hygrometer was used to measure the ambient
air temperature and relative humidity twice a day (8 am and 4 pm) during the experimental
period.

To estimate the protein requirements for maintenance (CPm) and weight gain (WG)
in the phases from 1 to 15 and from 15 to 35 days of age, the technique of comparative
slaughter with slaughter at the beginning and at the end of the experimental period was
adopted (Sakomura & Rostagno, 2016).

A sample of 655 female Japanese quails was used. The experiment was divided
into two parts, the first (01 to 15 days old) using 350 quails with an initial average weight of
6.58 + 0.28 g (mean + SD), where 240 were placed in the cages, 75 in the floor and 35
slaughtered with one day to be part of the reference slaughter of the initial phase.

In the second phase, (15 to 35 days of age), 305 female quails with an average
initial weight of 48.31 + 0.16 g (mean * SD) were used, with 240, 40 and 25
corresponding, respectively, to the number total quails to estimate the needs of the
reference maintenance, gain and slaughter group.

The gquails used to estimate maintenance protein in the initial and growing phases
were distributed in the cages and received the treatments according to a completely
randomized design, with four levels of feed supply (ad libitum, 75, 50 and 25% of
consumption ad libitum) with six repetitions with ten quails per experimental unit. The
experimental diets in each phase were formulated according to the recommendation of
Rostagno et al. (2017) (Table 1).

The estimation needs for the gain protein, occurred through serial slaughter, in
order to verify the nutrient retention throughout the experimental period (Albino et al.,
1994a, Baker et al.,, 1996, Silva et al., 2004). For the initial phase, 15 quails were
slaughtered every three days (3, 6, 9, 12 and 15 days of age). In the growth phase, a
group of 10 quails was slaughtered every five days (20, 25, 30 and 35 days of age).

In each test, quails destined for slaughter were kept on a solid fast for 12 hours,
again weighed and slaughtered by cervical dislocation, avoiding the loss of blood and

feathers. The slaughtered carcasses were identified, packed in plastic bags, stored in a
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freezer, and then crushed twice in a row on an industrial cutter, weighed and placed in a
forced ventilation oven at 55°C for approximately 72 hours for pre-drying and then
grinding. Ahead, the samples were processed two more times in the industrial meat
chopper "cutter" and once in the mill "Willey type" to obtain more homogeneous samples
for later chemical analysis (AOAC 2005).

At the end of each phase, all quails were fasted for 12 hours of solids, weighed
again and slaughtered by cervical dislocation, avoiding the loss of blood and feathers, to
allow the assessment of nutrient deposition in the carcass.

With the data obtained, it was possible to calculate feed intake (CR- g/quail/day),
consumption of crude protein (CPcon- g/quail/day), body protein (Pc- %), carcass body

protein (Pb- g/g), protein retention (Pr) and fasted carcass weight (g/quail).

Table 1. Chemical composition and percentage of experimental diets.

. 01-15 days age 15-36 days age
Ingreeients (@100g) Percent composition of diets

Corn 57.805 59.811
Soybean meal 36.862 36.082
Degummed oil 1.278 0.763
Dicalcium phosphate 2.207 1.749
Calcitic limestone 1.099 0.923
Common salt 0.483 0.506
DL-Methionine 99% 0.161 0.113
L-Lysine HCI 78% 0.063 0.005
L-Threonine 98.5% 0.002 0.009
Premixt 0.040 0.040

Total 100.00 100.00

Nutrients (%) Chemical composition of diets g/kg dried matter

Metabolizable energy (Mcal/kg of diet) 2.9 2.9
Crude protein 21.28 21.09
Calcium 1.092 0.911
Available phosphorus 0.513 0.428
Sodium 0.205 0.214
Potassium 0.860 0.852
Chlorine 0.371 0.374
Electrolytic balance (mEqg/kg) 204.50 290.35
Digestible lysine 1.095 1.034
Digestible methionine + cystine 0.744 0.693
Digestible threonine 0.733 0.734
Digestible valine 0.898 0.889
Digestible isoleucine 0.835 0.826
Digestible tryptophan 0.245 0.242
Digestible arginine 1.343 1.326
Digestible histidine 0.522 0.518
Digestible glycine + serine 1.734 1.716
Digestible phenylalanine + tyrosine 1.722 1.705
Digestible leucine 1.680 1.674

TComposition per 100kg: Manganese 18.17mg, Zinc 17.50mg, Iron 11.25mg, Copper 2,000mg, lodine 187.50mg,
Selenium 75mg, Vitamin A 1,400 IU, Vitamin D3 300 IU, Vitamin E 2.50mg, Vitamin K3 300mg, Vitamin B1 380mg,
Vitamin B2 1,000mg, Vitamin B5 520mg, Vitamin B12 2,000mg, Folic acid 162.50mg, Pantothenic acid 2,600mg, Niacin
7,000mg, Choline, 593.49mg, Antioxidant additive 25mg, Halquinol 7,500mg, Salinomycin 16.50mg. Source: own
research.
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The requirement for crude protein for maintenance (CPm) was obtained by linear
regression of the retained protein (Pr) as a function of the crude protein consumed. Making
an extrapolation for zero protein retention, the need for maintenance was given by the 'a /
b' ratio expressed in metabolic weight kg®¢’ (Dodds et al., 2001).

This relationship with metabolic weight takes into account the allometric growth of
the animal, that is, this characteristic provides a better means of comparison between
animals of different ages, since smaller animals produce more heat and consume more
food per body size unit than animals. larger (HEADY, 1975). The efficiency of use (kg) of
maintenance protein was given by parameter 'b'. The parameter 'a’, corrected for
metabolic weight, represented the endogenous loss of body protein.

The net protein for gain (LPg) was determined as the slope of the linear ratio of the
crude body protein as a function of the fasting carcass weight, that is, the efficiency or
slope of the equation. The dietary requirement for gaining crude protein was obtained
through the ratio of the efficiency of (LPg) to the efficiency of maintenance (LPg/kg) per
phase.

The errors were submitted to the Kolmogorov-Smirnov normality test (a = 0.01). The
homogeneity of the variances was assessed by the Levene test (a = 0.01), and all
variables showed normal distribution of errors and homoscedasticity. Linear equations (a =
0.01) were estimated (SAS 9.0 - Proc Reg). All of the proposed models had a significant
effect (t test, a = 0.01), on the parameters of the equations '80' and 'B1', with a probability
of P < 0.05.

3. Resulted e Discussion

Ambient air temperatures and relative, minimum and maximum relative air humidity
observed during the phases under study, respectively, were 24.05, 22.1 and 35.2°C,
humidity was 84.9, 73 and 95 %.

It is observed (Table 2) that live weight of the carcass, consumption of crude
protein, retained protein, protein body of Japanese quails from one to 35 days old. A drop
in the feed consumption of the quails, and consequently, a drop in crude protein intake
accompany the drop observed in these variables. Such reductions were also observed by
(Silva et al. 2004a, 2004b; Filho et al. 2011; Sakomura et al. 2005). This finding is relevant
and valid for the method used to understand the phases of animal metabolism:
maintenance and weight gain in the phases, one to 15, and 15 to 35 days of age.

The estimated maintenance requirement for crude protein (CPm) for quails in the
initial (01 to 15 days old) phase [Pret = (0.3340 + 0.004) x CPcon — (0.06158 + 0.0092),
adjusted r? = 0.98] and was estimated in relation to the metabolic weight (0.088 kg/quail) in
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2.095 g/kg®®’/quail/day (Figure 1), where Pret is the protein retained and CPcon the crude
protein consumed. The estimated maintenance requirement for protein (CPm) for quails in
the growth (15 to 35 days old) phase [Pret = (0.3470 + 0.02611) x CPcon — (0.4001 +
0.0593), adjusted r?> = 0.88] and was estimated in relation to the metabolic weight (0.183
kg/quail) in 6.32 g/kg®®’/quail/day (Figure 1), where Pret is the protein retained and CPcon
the crude protein consumed.

Table 2. Fasting carcass weight (FCW - g/quail), feed intake (FI - g/quail/day), crude
protein consumption (CPcon - g/quail/day), protein carcass (Pc - %/dry matter), protein
body (Pb - g/g), retained protein (Pret - g/g/day) of Japanese quails according to age, feed
supply levels (FSL - %), reference slaughter (RS)

Maintenance (01 to 15day)

° FCwW Fl CPconT Pci Pb§ Pretﬂ
RS (1°day) —¢ 551028 : : 20.95:041  1.38+0.06 ;
FSL Final Slaughter - 15° day
100 46.92+1.54 8.73+0.25 1.84+0.05 19.25+0.29 9.03+0.30 0.55+0.02
75 34.54+0.58 6.47+0.06 1.37+£0.01 20.59+0.48 7.11£0.16 0.41+0.01
50 24.54+0.51 4.39+0.03 0.92+0.01 19.77+1.02 4.85+0.27 0.25+0.02
25 13.36+0.32 2.28+£0.11 0.48+0.02 20.87+0.47 2.79x0.07 0.09+0.01
Maintenance (15 to 35 day)
o FCW Fl CpconT P(:i Pb§ F)retTI
RS (15°day) —5 374016 - - 27.38+0.47 _ 13.230.22 -
FSL Final Slaughter - 35° day
100 110.75+2.50 15.71+0.68 3.34£0.14 23.69+1.84 26.23+2.03 0.68+0.10
75 98.105+5.54 11.42+0.02 2.43£0.01 24.31+0.85 23.88+2.16 0.58+0.10
50 65.55+1.40 7.68%0.03 1.63+0.01 24.41+1.45 16.01+1.28 0.14+0.07
25 42.91+0.26 4.36+0.08 0.93+0.02 25.15+0.30 10.79+0.16 -0.11+0.03

TCPcon = obtained by multiplying the crude protein content of the diet and the FI. $Pc = Protein corrected for carcass dry
matter content. §Pb = obtained by multiplying the Pc and the FCW. {Pret = subtraction of the Pb at the end of the
experiment by the Pb of the reference slaughter, by day (14 days). Source: own research.

Silva et al. (2004a) for quails in the initial phase (1 to 12 days old) estimated
maintenance at 2.85 g/kg®’®/day, for the growth phase (15 to 32 days old), Silva et al.
(2004b) estimated values of 4.75 g/kg®’®/day. Filho et al. (2011) working with Japanese
guails in the growth phase (16 to 36 days old) estimated maintenance at (4.8421 + 0.0111
x T) x kg®" and European quails at (4.8374 + 0.0137 x T) x kg%’ where T is the
temperature in degrees Celsius. Nogueira et al. (2019) working with nitrogen-balance
technique to meat quail were estimate the requirement for maintenance at 2.94 g/kg®’®,
using the comparative-slaughter technique, estimate the maintenance requirement at 6.63
g/kg®7>. These researches were made with quails housed in cages.

The values the present research differ from those found mentioned above, and
which were respectively 2.095 and 6.32 g/kg®®’/day for quails in the phases from one to 15
and 15 to 35 days of age. In Silva's (2004a, 2004b), Filho’s (2011a, 2011b) and Nogueira’'s
(2019) works, the researchers used a mass ratio and body surface of 3/4 (kg®7®), while in
the present research, the ratio of 2/3 (kg®%”) was used, which can reduce the metabolic
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rate in 1/12 weight for maintenance energy. Dodds et al. (2001) reported that for quails,
the correct approach is to relate to the animal's metabolic rate to 2/3 of its mass and body
surface.

It can also be inferred that, in the first phase (1 to 15 days), quails that consumed
only 25% of the ration, in relation to the treatment of consumption at will, presented a loss
endogenous of 0.7 g of protein by kg®®7/day. Quails from phase from 15 to 35 days of age,

recorded a loss endogenous of around 2.2 g of protein by kg®8’/day.

Figure 1. Relationship between protein retention (Pret) in the carcass and crude protein
consumption (CPcon) of quails Japanese from 01 to 15 (m) and 15 to 35 (A ) days age.
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Source: own research.

A possible explanation for this characteristic is that, in the initial phase,
maintenance was around 2.095 g/kg®%’/day, while in the growth phase it was around 6.32
g/kg®8’/day, with that, a greater demand reflects greater need and, therefore, greater
amount of body protein, reflecting greater nitrogen loss in the carcass (Silva et al., 2004a,
2004b; Filho et al. 2011a, 2011b; Nogueira et al., 2019).

The diets contained the same amount of metabolizable energy, it is suggested that
guails in the growth phase require a greater amount of energy in the feed. A lower
energy/protein ratio may reflect the use of body protein as a source of energy for
maintenance, which would lead to a higher requirement for protein maintenance. This
premise validates the need to divide the quail maintenance requirement according to age.

Another explanation is that the lower crude protein requirement for maintenance in
the initial phase (2.095 g/kg®®7), 67% lower, may be due to lower carcass weight, although
quails, at this age, Japanese quails (Silva & Ribeiro, 2001) and European (Du Preez &
Sales 1997), present high growth rates. However, lower body weight, since the
maintenance requirement is related to metabolic weight kg®®” (relationship between body
mass and body surface area).
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In the second phase, the average weight body are higher, respectively (79.53 vs
26.75 q), i.e., higher crude protein expenditures for maintenance (6.32 g/kg®®’). In the
works of Silva et al. (2004a, 2004b) the values were closer (2.85 vs 4.75 g/kg®7>/day),
respectively initial and growth phase.

Comparing the protein use efficiencies, it was observed that in this research, for the
initial (01 to 15) and growth (15 to 35 days old) phases were 33.4 and 34.7%, respectively,
which represents an increase in efficiency of 3.9%. This increase may be due to the older
guails already being set in the climatic conditions of the premises and have their
thermoregulator device more efficient (Dionello et al. 2002; Lin et al. 2005) thus reducing
the efficiency of utilization of nutrients in the diet.

These results contradict the findings by Silva et al. (2004a, 2004b) since the authors
observed greater efficiency for the first phase under study (1 to 12) compared to the
second (15 to 32 days of age), efficiencies of 40 and 23%, respectively. Filho et al. (2011)
observed the efficiency in the use of diet protein at around 19% to 27% (mean = 24%) for
quails housed, respectively, at temperatures of 18, 24, and 28°C. For quails at room
temperature and housed in Filho et al. (2011), they registered 25% efficiency.

With the exception of the work by Silva et al. 2004a, the other studies mentioned
above, showed less efficiency in the use of protein in the diet in relation to the findings of
the present study. Longo et al. (2001) observed 72% for broilers. Albino et al. (1994),
registered for chickens of lines EMB-011 and Lohmann 62 and 55%, respectively.

Sakomura et al. (2002) observed 58.94% for laying hens.

The lowest efficiency in the first phase of this study, it is inferred that the lesser use
of crude protein by quails, may be related to the absolute digestive capacity of birds. lji et
al. (2001) and Murakami et al. (1992) reported that the maximum relative growth of the
intestine occurs up to seven days of age, however, Grieser et al. (2015) demonstrate that
the maximum absolute weight occurs at 20 days of age, that is, greater volumetric capacity
and capacity to obtain energy from the feed. The rapid relative growth of the intestine up to
seven days (lji et al., 2001; Murakami et al., 1992) did not reflect in greater utilization,
which may suggest that greater emptying of the intestine due to its lower absolute weight

at this age, with this low total digestive capacity.

The liquid protein requirement for gain (CPg) was estimated by the linear
relationship between body protein (Pb) retentions over time (Table 3). The liquid protein
requirement for gain (1 to 15 days - CPg) (01, 03, 06, 09, 12 and 15 days of age) as a
function of fasting carcass weight of quails (Figure 2) and the following equation was
obtained Pb = (0.2844 + 0.01) x FCW — (0.7016 + 0.183), adjusted r? = 0.99, which was
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0.284 g/g. The dietary requirement for gain was obtained through the CPg ratio by the
efficiency of use (kg) of protein by the animals, resulting in 0.851 g/g.

The liquid protein requirement for gain (15 to 35 days - CPg) was estimated by the
linear relationship between body protein retentions (Figure 3) over time (15, 20, 25, 30,
and 35 days of age) as a function of fasting carcass weight of quails and the following
equation was obtained: Pb = (0.3102 + 0.015) x FCW — (1.8586 + 1.24), adjusted r?> = 0.99
which was 0.3102 g/g. The dietary requirement for gain was obtained through the CPg
ratio by the efficiency of use (kg) of protein by the animals, resulting in 0.894 g/g.

Table 3. Fasting carcass weight (FCW - g/quail), ail/day), protein carcass (Pc - %/dry

matter) and protein body (Pb - g/g) of Japanese quails according to age

Gain (01 to 15day) Gain (15 to 35day)
Age (days) FCW Pt Pot Age (days)  FCW Pt Pof
01 6.71 21.12 1.417 15 48.40 27.49 13.305
03 8.33 21.65 1.803 20 70.00 27.82 19.474
06 14.67 22.11 3.242 25 90.50 29.73 26.906
09 24.33 24.96 6.072 30 97.00 28.32 27.407
12 34.33 25.76 8.843 35 102.50 29.49 30.227
15 48.40 27.49 13.305 - - -

TPc = Protein corrected for carcass dry matter content. P = obtained by multiplying the ¥P. and the FCW. Source: own
research.

Silva et al. (2004a; 2004b) found values of dietary crude protein for weight gain
respectively of 0.461 and 0.843 g/g f or the phases of 01 to 12 and 15 to 32 days of the
age of Japanese quails, 83% increase in the requirement. This difference must be the
biggest weight gain in the growth phase (3.5 g/quail/day) in relation to the initial phase
(2.25 g/quail/day) and also the protein smallest efficiency in the second phase (24%)
compared to the first (40%), respectively 40% less efficient.

Figure 2. Relationship between protein body (Pb) retained in the carcass over time as a
function of fasting carcass weight (FCW) of quails Japanese from 01 to 15 days age.
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In the present study, the values of dietary crude protein for weight gain were 0.851
and 0.894 g/g respectively (01 to 15 and 15 to 35 days age) which represents an increase
of 5%. The observed weight gains were in the first phase (2.78 g/quail/day) and to the
second phase (2.71 g/quail/day). Regarding protein use efficiencies, 33.4 were observed
in the initial phase and 34.7% in the growth phase. That explains the smaller variation
between the dietary requirements observed in the present research in relation to Silva's

(20044a; 2004b) findings (5 vs 83%), respectively.

Figure 3. Relationship between protein body (Pb) retained in the carcass over time as a
function of fasting carcass weight (FCW) of quails Japanese from 15 to 35 days age.
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4. Final Considerations

Finally, it is important that more research be carried out, as there is still little data
available on the requirements of Japanese quails, based on the factorial methodology in
the initial and growth phases with regard to crude protein. In conclusion, the predictions
equations to estimate the Japanese quail daily requirements of crude protein (CP,
g/quail/day) for maintenance and gain based on live weight (W, kg) and weight gain (WG,
g/quail/day) were the initial phase [CP = (2.095 x W%67) + (0.851 x WG)] and the growth
phase [CP = (6.30 x W%67) + (0.894 x WG))].
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CAPITULO 4. CONSIDERACOES FINAIS

A equacéo de predicdo para estimar as exigéncias de mantenca e ganho de peso
em energia e proteina com a utilizacdo do método fatorial para as codornas japonesas
nas fases inicial e crescimento foram: EMA (1-15d) = (54,96 x P%67) + (8,30 x GP) e EMA
(15-35d) = (92,11 x P%67) + (8,91 x GP). Ja para a PB (1-15d) = (2,095 x P%¢7) + (0,851 x
GP) e PB (15-35d) = (6,30 x P%%7) + (0,894 x GP), onde EMA - é a exigéncia de energia
metabolizavel aparente, (Kcal/codorna/d) e PB - € a exigéncia de proteina bruta. P é o
peso vivo (kg) e GP é ganho de peso (g/codorna/d).
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