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MODELAGEM DAS RESPOSTAS DE FRANGOS DE CORTE A
DIFERENTES INGESTOES DE LISINA

RESUMO - O objetivo desta pesquisa foi modelar o maximo potencial e
deposicdo de nitrogénio de frangos de corte, de ambos os sexos, em fungcdo da
idade e estimar as exigéncias de lisina digestivel para diferentes deposi¢cfes de
proteina e eficiéncia de utilizagdo da lisina. Foi conduzido um ensaio de balanco de
nitrogénio para cada periodo (6 a 21, 22 a 37 e 38 a 53 dias). Cada ave foi alojada
em uma gaiola metabdlica e cada ensaio teve duracdo de 15 dias (cinco de
adaptacdo e dois periodos de coleta de cinco dias). Foram utilizadas em cada
ensaio 84 aves (42 machos e 42 fémeas) distribuidas num delineamento
inteiramente casualizado com sete tratamentos e seis repeticbes. Os tratamentos
foram sete dietas variando os niveis de proteina de 61 a 364 g/kg na matéria seca,
com a lisina limitante (4,91 g de lisina/ 100g de PB) pela técnica da diluicdo. A partir
da aplicacdo de modelos néo lineares foram determinados a méaxima deposicao de
nitrogénio (NDmaxT) e a exigéncia de nitrogénio para mantencga. Estes dados foram
utilizados na modelagem da exigéncia de lisina. Assumindo 60% do NDmaxT e a
eficiéncia de utilizacdo média de lisina para os célculos, as concentracfes 6timas de
lisina estimadas foram 1,07 e 0,96% (6 a 21 dias), 1,01 e 0,93% (22 a 37 dias), 0,90
e 0,72% (38 a 53 dias) para machos e fémeas, respectivamente (correspondente a
50, 120 e 160 g de consumo diario de ra¢do, respectivamente). A andlise dos dados
permitiu concluir que o uso de modelos néo lineares na estimativa da exigéncia dos
aminoacidos € um procedimento vantajoso por refletir quantitativamente a eficiéncia

de utilizacdo do aminoacido sobre a deposicéo de proteina com a idade.

Palavras-chave: balanco de nitrogénio, frango, lisina, modelo
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MODELING OF RESPONSES OF BROILER TO DIFFERENT LYSINE
INTAKES

ABSTRACT - The aim of this study was to model the response of fast-growing
broilers (Cobb 500) and estimate the digestible lysine requirements considering the
age, sex, daily protein deposition and efficiency of lysine utilization. For this, a
nitrogen balance trial was conducted for each period (6 - 21, 22 — 37, and 38 - 53
days). Each broiler was housed in a metabolic cage and each trial lasted 15 days
(five for adaptation and two consecutive periods of five days of collection). Each trial
had 84 broilers (42 males and 42 females) assigned in a completely randomized
design with seven treatments and six replications. Treatments consisted of seven
diets with protein levels ranging from 61 to 364 g/kg in the dry matter, with the limiting
lysine (4.91 g lysine / 100g de CP) provided by the dilution technique. From the
application of nonlinear models were determined the maximum nitrogen deposition
(NDmaxT) and the nitrogen requirement for maintenance. These data were used to
model the lysine requirement. Taking 60% NDmaxT and the average utilization
efficiency of lysine for calculations, optimal concentrations of lysine estimated were
1.07 and 0.96% (6-21 days), 1.01 and 0.93% (22-37 days), 0.90 and 0.72% (38-53
days) for males and females, respectively (corresponding to 50, 120 and 160 g daily
feed intake, respectively). The model applied allowed estimation of digestible lysine
requirement consistent with the published data and the flexibility of the model allows
to make recommendations for each protein deposition and consumption observed in
the field.

keywords: nitrogen balance, broiler, lysine, model



CAPITULO 1 — CONSIDERACOES GERAIS

1. Introducéo

A evolugdo genética das diferentes linhagens comerciais de frangos de corte
tem estimulado pesquisadores a reavaliar as exigéncias nutricionais destas aves.
Estas linhagens apresentam diferentes potenciais de crescimento (BOA-
AMPONSEN et al, 1991; HOLSHEIMER & VEERKAMP, 1992) necessitando
guantidades especificas de aminoacidos para expressar este potencial. Como o
crescimento destas linhagens é controlado pelo gendtipo, existe um limite para a
deposicao diaria de proteina (PDmaxT), € 0 Uso correto desta informacéo incorporada
aos modelos fatoriais permite estimar as exigéncias dos aminoacidos.

O méaximo potencial de deposicao proteica pode ser usado como referencial
para a estimativa das exigéncias dos aminoacidos com base na eficiéncia de
utilizacédo (LIEBERT et al., 2000). A eficiéncia de utilizagdo do aminoacido deve ser
conhecida, pois é utilizada conjuntamente com dados de exigéncia de nitrogénio pra
mantenca e ganho de proteina no calculo da exigéncia pelo método fatorial
(FATUFE, 2005). Nestes modelos, a eficiéncia de utilizagdo de aminoacidos tém sido
considerado por alguns pesquisadores como a por¢cdo ascendente da curva de
crescimento onde parece responder de forma linear. Porém, deve ser considerado a
existéncia de uma relacdo néo linear entre ingestéo e eficiéncia de utilizacdo, ja que
a resposta € decrescente a medida que o aminoacido é suplementado na dieta
(FATUFE, 2005).

Diante disto, estudos baseados na aplicacdo de procedimentos néo lineares
baseado nos principios fisiologicos do crescimento vém sendo desenvolvida por
pesquisadores (SAMADI & LIEBERT, 2006a; SAMADI & LIEBERT, 2006b; SAMADI
& LIEBERT, 2007a; SAMADI & LIEBERT, 2007b; SAMADI & LIEBERT, 2008) para
gerar os coeficientes de crescimento e mantenca. O modelo fatorial proposto por
estes pesquisadores utiliza como referencial o0 maximo potencial de deposicdo de
proteina (PDmaxT), estimados pela assintota da funcdo logaritmica da relacéo entre
ingestdo e deposicdo de proteina. Através de um Unico ensaio de curta duracdo
obtém-se dados experimentais para modelar a exigéncia de aminoacidos com base
nos principios da técnica da diluicdo da dieta (FISHER & MORRIS, 1970).



Uma vez que os modelos matematicos tém focado na estimativa da exigéncia
de lisina e os demais aminoacidos sdo incorporados a dieta com base no conceito
da proteina ideal (OVIEDO-RONDON & WALDROUP, 2002), a avaliacdo precisa
das exigéncias de lisina torna-se fundamental (BAKER, 1997). Dessa forma, o
objetivo desta pesquisa foi modelar o maximo potencial e deposi¢éo de nitrogénio de
frangos de corte, de ambos os sexos, em funcdo da idade e estimar as exigéncias
de lisina digestivel para diferentes deposicdes de proteina e eficiéncia de utilizacdo

da lisina

2. Revisdo de literatura

2.1. Exigéncias de Lisina para frangos de corte e eficiéncia de utilizag&o

A modelagem das exigéncias dos aminoacidos essenciais para aves em
crescimento depende do conhecimento dos componentes individuais da exigéncia e
dos fatores que a influenciam. Para aves em crescimento, 0s principais
componentes quantitativos da exigéncia dos aminoacidos essenciais sdo a
mantenca, a deposicdo de proteina, o perfil dos aminoacidos essenciais na proteina
depositada e a eficiéncia de utilizacdo de cada aminoacido essencial. Quando se
trata de concentracdo na dieta, o consumo de ragdo, o ganho e a converséo
alimentar tornam-se as variaveis mais importantes. Segundo Moughan (2003), a falta
de dados que descrevem a eficiéncia de utilizacdo do primeiro aminodacido limitante
€ o ponto fraco na modelagem das exigéncias de aminoéacidos.

Um fator importante a ser considerado nos ensaios realizados é o uso de
niveis adequados de aminodcidos nas dietas formuladas para determinar as
exigéncias de lisina. Em grande parte dos estudos publicados foi avaliado a resposta
de frangos de corte a variagcdo da concentracao de lisina na dieta (GOUS; MORRIS,
1985; HAN; BAKER, 1991; HAN; BAKER, 1993; HAN; BAKER, 1994; SCHUTTE;
PACK, 1994). Embora as respostas tenham sido lineares nestes estudos, foi
demonstrada em outras espécies a existéncia de uma relacdo néo linear entre
ingestao e eficiéncia de utilizacdo do aminoacido em animais em crescimento (GAHL
et al., 1994; RODEHUTSCORD et al., 1997; FATUFE et al., 2004).



Em geral, supbe-se que a eficiéncia de utilizagdo dos aminoacidos essenciais
para o crescimento é semelhante entre os diferentes gendétipos de uma espécie. Isto
pressupde que a digestdo intestinal e a taxa de absor¢cdo nédo séo afetadas pelo
genétipo (FATUFE et al.,, 2004). Embora existam poucos estudos sobre este
assunto, a melhora na deposicao de proteina corporal através da selecao genética
de frangos de corte pode estar associada a maior eficiéncia de utilizacdo dos
aminodacidos limitantes. A pressdo da selecdo genética aumentou a deposicdo de
proteina nas aves com uma taxa de turn-over proteina corporal diferente entre as
linhagens genéticas (SIMON, 1989). As alteragbes nas taxas de sintese e
degradacdo de proteinas podem ter consequéncias para a eficiéncia de utilizacéo de
aminoacidos.

Para estimativas das exigéncias com base no modelo fatorial, a eficiéncia de
utilizacdo dos aminoéacidos é frequentemente assumida ser constante até ao ponto
em gue a exigéncia é atendida. A maioria dos estudos para estimar a eficiéncia de
utilizagédo da lisina para frangos de corte tém utilizado ensaios de dose-resposta
(HAN; BAKER, 1991; EDWARDS et al., 1999; FATUFE et al., 2004). Nestes ensaios
a maior parte dos modelos mateméaticos adotados para estimar a eficiéncia é o linear
simples.

Pela inclinacdo da regressao linear simples da deposicdo de lisina corporal
pelo consumo de lisina, Han e Baker (1991) relataram uma eficiéncia de utilizagao
de lisina para ganho de peso de 69% para frangos de corte no periodo de 8 a 21
dias, estimando a exigéncia de 1,01% de lisina digestivel. Da mesma forma,
Edwards et al. (1999) estimaram para as linhagens New Hampshire x Columbian e
Avian as eficiéncias de utilizagéo de lisina de 76 e 79% com base na inclinagéo da
regressao linear da deposicéo de lisina corporal pelo consumo de lisina. Fatufe et al.
(2004) estimaram eficiéncias de utilizacédo da lisina de 71% para frangos machos da
linhagem Ross durante o periodo de 8 a 22 dias, estimando o nivel 6timo de 1,25%
de lisina na dieta para atender a 95% da méaxima resposta assintética para
deposicao de proteina. Siqueira (2009) estimou a eficiéncia de 71,8%, semelhante
as estimativas de 71,8%, obtida a partir dos dados de Eits et al. (2002) e de 71%
obtida por Fatufe et al. (2004), em ambos os casos utilizando o método da

regressdo. Siqueira (2009) obteve a eficiéncia média de 76,9% pela técnica da



diluicdo e considerada esta estimativa apropriada para frangos de corte Cobb 500.
Com base nesta eficiéncia, este autor recomendou os niveis de lisina digestivel de
1,361; 1,187; 1,073 e 0,916% em dietas para frangos de corte machos nas fases
pré-inicial (1 a 8 dias), inicial (8 a 22 dias), crescimento (22 a 35 dias) e terminacao
(35 a 42 dias).

Embora muitos estudos utilizem a regressdo linear para determinar a
eficiéncia de utilizacdo da lisina, podemos citar ainda que a eficiéncia de utilizacédo
pode ser determinada a partir de curvas de crescimentos utilizadas para aves. Brito
(2007) calculou as eficiéncias de utilizacao da lisina para frangos de corte Ross, de
ambos os sexos, durante o periodo de 7 a 42 dias de idade a partir de valores de
deposicdo corporal e consumo de lisina, estimados pela equacdo de Gompertz
(1825). As eficiéncias variaram de 49,6 (1 a 7 dias) a 56,1% (36 a 42 dias) para
machos recebendo dietas de 1,103 (1 a 7 dias) a 0,924% (36 a 42 dias) de lisina
digestivel e de 55,0 (1 a 7 dias) a 57,4% (36 a 42 dias) para fémeas recebendo
dietas de 1,103 (1 a 7 dias) a 0,909% (36 a 42 dias) de lisina digestivel. Outra
aplicagcédo desta abordagem tem sido nas estimativas da eficiéncia de utilizagéo do
aminoacido (ROSTAGNO et al., 2005; ROSTAGNO et al.,, 2011). Esse método
possibilita o entendimento das condi¢des praticas de criacdo desde que apresente
uma descricdo adequada do comportamento biolégico da ave uma vez que ha a
possibilidade do ajuste estatistico convergir em coeficientes ndo condizentes com a
realidade (SILVA, 2012).

Fatufe (2004) considera que a modelagem das exigéncias dos aminoacidos
deve incorporar funcdes nédo lineares que descrevam a eficiéncia de utilizacdo de
aminoacidos. Para Samadi e Liebert (2006a) o calculo da eficiéncia de utilizacdo do
aminoacido se inicia na determinacdo do parametro (b) do modelo que indica a
inclinacdo da curva de retencdo de nitrogénio do modelo exponencial de
crescimento limitado e corresponde a qualidade da proteina da dieta, independente
da ingestdo de nitrogénio. A inclinacdo da funcao linear entre a concentragdo do
aminoacido limitante na dieta (c) e o parametro do modelo correspondente a
gqualidade da proteina do alimento (b) resulta na eficiéncia de utilizacdo do
aminoacido limitante. Considerando a eficiéncia de utilizagcdo como a relacdo entre a

gualidade da proteina e a concentracéo de lisina da dieta, Samadi e Liebert (2007a)
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estimaram para a linhagem Cobb 500 a exigéncia de lisina de 1,10% (10 a 25 dias),
1,03%(30 a 45 dias) 0,96% (50 a 65 dias) para machos e 1,09% (10 a 25 dias),
0,95%(30 a 45 dias) 0,75% (50 a 65) para fémeas consumindo 60, 140 e 170g de
racao respectivamente. Para estas exigéncias, as eficiéncias de utilizacdo da lisina
estimadas foram 97% (10 a 25 dias), 88% (30 a 45 dias), 78%(50 a 65 dias) para 0s
machos e 98%(10 a 25 dias), 87%(30 a 45 dias), 85%(50 a 65 dias) para as fémeas,
considerando 60% da méaxima deposicdo de nitrogénio. Embora na literatura os
resultados apresentados por estes autores ndo estejam em porcentagem devido ao
processo de logaritmizagdo, a eficiéncia de utilizacdo pode ser calculada pela
relacdo entre deposicao e a exigéncia do aminodcido calculada. Samadi e Liebert
(2006b) enfatizam em seu modelo que a relacdo entre a qualidade da proteina do
alimento e a concentracdo do aminoacido na dieta na determinacéo da eficiéncia de
utilizacdo somente serd valida se o aminoacido em estudo for limitante e o uso
subestimado da eficiéncia de utilizacdo podera superestimar a exigéncia do
aminoacido. Dessa forma, uma atencdo especial deve ser dada a este coeficiente,
pois nele se situa grande parte das diferencas observadas entre as recomendacoes

dos diferentes modelos existentes.

2.1.1. Conceito da proteina ideal na dieta de frangos de corte

As exigéncias dos aminoacidos para frangos de corte, expressa como uma
porcentagem da dieta ou como uma exigéncia minima diaria, variam
consideravelmente devido as diferencas resultantes de fatores fisiologicos,
alimentares, ambientais e genéticos. A combinacéo destes fatores dificulta estimar
com precisdo as exigéncias nutricionais de todos os aminoacidos para frangos de
corte de cada genotipo existente (D'MELLO, 1994; MACK et al, 1999.; BAKER et al.,
2002). Sabe-se que as exigéncias de um determinado aminoacido estdo
diretamente relacionadas as exigéncias dos demais. A resposta das aves ao 0O
aumento nos niveis de um determinado aminoacido na dieta serad condicionada
guando o proximo aminoacido se tornar o primeiro limitante.

Dessa forma, para simplificar a determinacdo das exigéncias dos
aminodcidos, foi implantado o conceito da proteina ideal. Parsons e Baker (1994)

definem a proteina ideal como uma mistura de aminoacidos ou de proteinas com



total disponibilidade de digestdo e metabolismo, capaz de fornecer, sem excessos
nem deficiéncias, as necessidades absolutas de todos os aminoacidos exigidos para
mantenca e crescimento Nesse conceito, as exigéncias dos diferentes aminoacidos
essenciais sdo expressas como porcentagem da exigéncia de um aminoacido
referéncia. Embora nas dietas praticas formuladas para frangos de corte a metionina
seja o primeiro aminoacido limitante, seguido pela lisina, o conceito da proteina ideal
tem usado a lisina como aminoacido referéncia (SCHUTTE; DE JONG, 1998).

As razfes subjacentes para a escolha da lisina como aminoéacido referéncia
foram resumidas por Baker e Han (1994) e Emmert e Baker (1997): (1) A lisina é um
dos principais aminoacidos limitantes nas dietas convencionais para aves e pode ser
suplementada na forma sintética; (2) As analises de lisina nos ingredientes e nas
dietas ndo utilizam métodos analiticos complicados; (3) A lisina é utilizada apenas
para deposicdo de proteina corporal e mantenca e ndo € utilizado para sintetizar
outros aminoacidos ndo essenciais; (4) Existe um grande conjunto de dados na
literatura resultantes de estudos das exigéncias de lisina para aves em diversas
condicoes.

A vantagem da aplicacdo da relacao ideal para atender as exigéncias dos
aminodcidos para qualquer animal, uma vez que esta relacdo ideal tenha sido
estabelecida para certa idade ou periodo, é que os estudos para determinar a
exigéncia destes aminoacidos precisam se concentrar em apenas um Unico
aminoacido referéncia e a exigéncia dos demais aminoacidos essenciais € calculada
em relacdo a este aminoacido referéncia. Dessa forma, o maior beneficio da
aplicacao do conceito de proteina ideal € a simplificacdo do processo de formulagcéo
de racdo, uma vez que €é necessario somente definir as exigéncias em lisina

digestivel e aplicar o perfil ideal.

2.2. Métodos para estimar as exigéncias de aminoacidos das aves

Métodos que determinam as exigéncias de aminoacidos de frangos de corte
podem ser divididos em dois grupos: empirico e fatorial. Métodos empiricos se
baseiam diretamente na mensuracdo da resposta biologica de um animal para
concentragcbes crescentes do nutriente em questdo, enquanto que pelo método

fatorial as exigéncias dos aminoacidos sdo determinadas com base no célculo da



soma das exigéncias de cada componente do crescimento, tais como a mantenca,
crescimento do tecido muscular e crescimento da proteina de penas, todos 0s quais
contribuem para variacdes nas exigéncias (D'MELLO, 1994). E importante ressaltar
gue os dados gerados nos estudos empiricos frequentemente sdo usados como
base nos calculos fatoriais. De acordo com Gous (1986), estudos empiricos devem
ser direcionados para a geracdo de dados adequados para incorporacdo em
modelos de predicdo com aplicacdes praticas na maximizacdo do lucro ou que
auxiliam na tomada de decisdo nutricional. Contudo, apesar do ponto de vista geral
de que a pesquisas para determinar a exigéncia dos aminoacidos devem ser
dirigidas para o desenvolvimento de modelos de predicdo (HURWITZ et al., 1978;
BOORMAN; BURGESS, 1986; GOUS, 1986), a grande maioria dos estudos para a
determinacao das exigéncias dos aminoacidos, sob diversas condi¢cles, € baseada
em pura metodologia empirica (HAN; BAKER, 1991; HAN; BAKER, 1993; KERR et
al., 1999;. KIDD; FANCHER, 2001; CORZO; KIDD, 2003; HALE et al., 2004; KIDD et
al., 2004).

O método empirico geralmente usado para determinar as exigéncias de
aminodcidos para aves € o método dose resposta, pela sua praticidade e facilidade
de uso (SAKOMURA; ROSTAGNO, 2007). Nestes ensaios € comum 0 uso da
técnica da suplementacdo das dietas, que nada mais € do que a suplementacao
gradual de uma fonte sintética do aminoacido a ser estudado a uma dieta basal
deficiente neste aminoacido (D'MELLO, 1982; GOUS; MORRIS, 1985; BOORMAN;
BURGESS, 1986; MACK et al., 1999). A metodologia, em geral, tem sido utilizada
para formular uma dieta basal isoprotéica que atenda ou exceda a exigéncia do
frango de corte para todos os outros nutrientes da dieta, exceto o aminoacido para o
gual a exigéncia seré determinada. A aplicacdo desta metodologia exige que o nivel
mais baixo do aminoacido teste na dieta basal seja deficiente o suficiente para limitar
0 crescimento. Ao mesmo tempo, a faixa dos niveis crescentes da suplementacao
do aminoacido cristalino deve ser grande o suficiente para descrever todas as trés
areas da superficie de resposta. Estas trés areas incluem essencialmente a porcao
ascendente linear da resposta, a porcéo curvilinea e o platd que representa o ponto
mais alto da suplementacédo em que houve pouca resposta adicional (GOUS, 1986).

Finalmente, desde que estas condicdes foram cumpridas, a metodologia estatistica



usada para avaliar os dados teriam uma grande influéncia sobre a determinagéo dos
niveis 6timos de lisina (GOUS,1986; LECLERQ, 1998). Embora existam numerosos
procedimentos estatisticos, a aplicacdo de um teste de médias para comparar 0s
tratamentos é inadequado para interpretar a resposta obtida num ensaio de dose-
resposta, enquanto que uma regressao linear na forma de um modelo “Broken line”
subestima a dose 6tima, e ndo deve ser utilizado em ensaios onde o objetivo é
chegar na concentracdo oOtima do aminoacido (MORRIS, 1983). De acordo com
Morris (1983), a interpretacdo correta de um ensaio de dose resposta precisa incluir
a aplicacdo de um modelo curvilineo que melhor descreva a resposta biologica dos
dados, como por exemplo, um modelo de regressao exponencial.

A técnica da suplementacédo da dieta foi criticada por Gous e Morris (1985)
gue apresentaram quatro desvantagens da metodologia sendo a primeira que a
suplementac@o de niveis crescentes de um uUnico aminoacido a uma dieta basal
resultaria em dietas diferentes, cada uma com um perfil diferente de aminoacido que
pode, por sua vez, afetar a resposta a ser obtida. A segunda desvantagem seria que
em niveis elevados de suplementacdo, o aminoacido deixaria de ser o primeiro
limitante, assim, implicando que a maior resposta pode ser obtida para o aminoacido
teste se outros aminoacidos forem fornecidos em maiores concentracdes. A terceira
desvantagem é que a faixa de concentracdo dos aminoacidos, que pode ser
estudada, foi limitada pela formulacdo da dieta deficiente no aminoacido teste,
embora sendo adequada para os demais aminoacidos. A quarta desvantagem é que
alguns aminoacidos sdo extremamente caros na forma sintética, e a suplementacao
destes aminoacidos na dieta estaria limitando o estudo que definiu as exigéncias do
aminoécido.

Gous e Morris (1985) citou que as falhas acima poderiam ser superadas
usando a técnica da diluicdo da dieta, originalmente descrita por Fisher e Morris
(1970) para determinar a exigéncia de aminoacidos. Este método envolve o
fornecimento de uma série de dietas preparadas inicialmente pela formulacdo de
uma dieta concentrada e misturada em quantidades proporcionais com uma dieta
isenta de proteina, que contém os mesmos niveis de energia, vitaminas e minerais
gue a dieta concentrada. Gous (1980) considera a técnica da diluicdo da dieta como

um método melhorado, pois esta técnica proporciona relacbes aminoacidicas



constantes entre os niveis avaliados resultando em dados mais confiaveis e
precisos. No entanto, D'Mello (1982), realizando a comparacdo entre as duas
técnicas, encontrou semelhantes respostas para ganho de peso e afirma ainda nao
haver provas de que a técnica da diluicdo da dieta produza resultados mais
confidveis que a técnica da suplementacao.

Uma outra concepcao tedrica para determinar a exigéncia de aminoacidos para
aves em crescimento, vem sendo desenvolvida pelo grupo de pesquisadores da
Universidade de Georg-August, Gottingen na Alemanha. O estudo se baseia na
concepcdo de que cada animal tem um potencial genético para a sua maxima
deposicdo de proteina, e este é referido como PDpnaT € inclui exigéncia de
nitrogénio para mantenca (NMR). Estes parametros podem ser determinados em
ensaios de desempenho com uma subsequente andlise de carcaca ou em ensaios
de balanco de nitrogénio. Com um modelo de utilizacdo de nitrogénio adequado,
este maximo tedrico para retencdo de proteina (PDmaxT) pode ser quantificado e
utiizado para varios fins, principalmente em modelos de crescimento, na
determinacdo da eficiéncia de utilizacdo dos aminoacidos e exigéncias de
aminodcidos. Neste contexto, varios trabalhos de pesquisa vém sendo realizados a
partir de um modelo de utilizacdo de nitrogénio com base nos principios fisioldgicos
do crescimento desenvolvido por Gebhardt em 1966 e seu aprimoramento
subsequente (SAMADI; LIEBERT, 2006a; SAMADI; LIEBERT, 2006b; SAMADI,
LIEBERT, 2007a; SAMADI; LIEBERT, 2007b; SAMADI; LIEBERT, 2008). Um
modelo ndo linear exponencial € usado para avaliar os parametros do metabolismo
da proteina usando uma descricdo matematica fisiologicamente adequada da
relacédo entre a ingestéo de nitrogénio e deposicao de nitrogénio.

Vérias metodologias tém sido utilizadas para estimar a exigéncia de nitrogénio
para mantenca (NMR) em diferentes espécies. O fornecimento de uma dieta isenta
em proteina é um dos procedimentos utilizados em estudos anteriores (LEESON;
SUMMERS, 2001). Estes autores estimaram os dados de exigéncia de nitrogénio
para mantenca a partir do fornecimento de uma dieta isenta de proteina para aves
adultas e concluiram que 200 a 300 mg de N/PCy”%" ou 180 mgN/PCy,’".
Entretanto, este método € criticado principalmente por causa de sua natureza nao

fisiologica, associada com a mobilizacdo das reservas corporais de proteina durante
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a privacdo deste nutriente (HESS; SEVE, 1999). Dessa forma, os idealizadores do
modelo de Gottingen (SAMADI; LIEBERT, 2006a; SAMADI; LIEBERT, 2006b;
SAMADI; LIEBERT, 2007a; SAMADI; LIEBERT, 2007b; SAMADI; LIEBERT, 2008),
propde que a exigéncia de mantenca (NMR) seja determinada através de modelos
de regressdao que simulam as condicBes fisioloégicas proporcionadas pela
alimentacdo de uma dieta isenta de proteina através de um procedimento
matematico aceitavel. A relacdo entre ingestdo de nitrogénio e excrecdo de
nitrogénio total é aplicado para simular a alimentacdo da dieta isenta de nitrogénio
(SAMADI; LIEBERT, 2006a; SAMADI; LIEBERT, 2006b; SAMADI; LIEBERT, 2007a;
SAMADI; LIEBERT, 2007b; SAMADI; LIEBERT, 2008). A estimativa do NMR é
baseada em uma simulacdo matematica de curvas dose-resposta entre os valores
observados de nitrogénio ingerido (NI) e nitrogénio excretado (NEX). O NMR é
estimado pelo ponto de interseccéo da funcao ajustada com o eixo y, para NI = 0. O
expoente 0,67 € aplicado para calcular o peso corporal metabélico de acordo com os
fundamentos do modelo utilizado para animais em crescimento (SAMADI; LIEBERT,
2006a; SAMADI; LIEBERT, 2006b; SAMADI; LIEBERT, 2007a; SAMADI; LIEBERT,
2007b; SAMADI; LIEBERT, 2008), admitindo que a éarea da superficie corporal
aumenta ao quadrado e o volume do peso corporal aumenta ao cubo de forma linear
numa proporcéo de 2/3 (SILVA, 2012).

A exigéncia de nitrogénio de mantenca determinado com base no balango de
nitrogénio, conforme Longo et al.( 2001) para frangos de corte machos foi de 212 mg
de N/PCy>""/dia e fémeas de 280 mg de N/PC,>"°/dia. Hurwitz et al. (1978)
encontraram valores de 370 mg de N/PCkg°'67/dia e Scott et al. (1982) valores de 420
mg de N/PCy,>"°/dia para aves em crescimento . J4 Macleod (1990) determinaram a
exigéncia de nitrogénio para mantenca de fémeas de frango de corte entre 900 e
1100 mg de N/PCkgo’75/dia. Samadi e Liebert (2006a) utilizando modelo exponencial
(y = a.e”), estimaram por meio do NI e do NEX, que o requerimento médio de
nitrogénio para de frangos de corte Cobb 500 10 a 85 dias, foi de 252
mg/PCkg°’67/dia. As diferencas observadas, em grande parte, se devem aos métodos
adotados pelos autores para descrever a resposta das aves.

O método utilizado por Samadi e Liebert (2006a) para determinar a exigéncia

de nitrogénio para mantenca se diferencia das demais por considerar a existéncia de



11

uma quantidade consideravel de proteina sintetizada mesmo que a aves esteja em
estado fisiolégico de equilibrio de nitrogénio. A minima retencdo de nitrogénio
descrita desta forma contribui para compreender a resposta das aves associadas a
retencdo de nitrogénio, pois quanto maior a deposicdo de nitrogénio ou proteina
menor sdo as taxas de excre¢ao, predominantemente na fase inicial das aves. Da
mesma forma ao se aproximar do limite de deposi¢céo de nitrogénio (NDmaxT) a taxa
de excrecdo aumenta e este aumento esta limitado ao potencial de deposicdo que
cada genotipo apresenta.

O modelo exponencial de crescimento limitado (y = a(1-€*)) descreve os
pequenos acréscimos na resposta do animal, levando em consideracdo que as
respostas das aves as concentragdes de aminoacidos nas dietas obedecem a “lei
dos retornos decrescentes’(OVIEDO-RONDON; WALDROUP, 2002; PACK et al.,
2003; LEMME, 2005; SAKOMURA; ROSTAGNO, 2007), que segundo (ROBBINS et
al., 1979; LARBIER; LECLERCQ, 1992; PACK et al., 2003; SIQUEIRA et al., 2009)
ndo é admitido em modelos lineares. Refletindo a lei dos “minimos retornos”, a
fungé@o exponencial utilizada produz valores limiares, que s&o indicativos do limite
superior para a deposicdo de nitrogénio (NDmaxT) € que sdo dependentes da
espécie, genotipo, idade e sexo (THONG; LIEBERT, 2004; SAMADI; LIEBERT,
2006a).

As funcBes matematicas que descrevem o perfil da retencédo e deposicdo de
nitrogénio s&o representadas por NR = NRmaxT (1 = €M) e ND = NRpaT (1 - €N
- NMR. Onde o NRnaT € a retencdo maxima tedrica dependente do gendtipo do
animal; e, numero base do logaritmo natural (In) .; b, € a inclinacdo da curva de
retencdo do nitrogénio que indica a qualidade protéica do alimento e independe da
ingestdo de nitrogénio; NMR, é a exigéncia de nitrogénio para mantenca. Samadi e
Liebert (2007a) determinaram a maxima deposi¢ao tedrica diaria de nitrogénio de
3676 mg/PCy,”®’ para os machos e 3582 para as fémeas mg/PC,>°’ da linhagem
Cobb 500 no periodo de 10 a 25 dias. Com o avanco da idade, observaram que o
potencial de deposicdo diaria de nitrogénio diminuiu para 1864 mg/PCy,>°" e 1708
mg/PCkgo'67 no periodo de 50 a 65 dias, para machos e fémeas, respectivamente.

O valor do PDnaxT € obtido a partir do NDnaxT € descreve o potencial tedrico da

maxima deposicdo proteica. E importante salientar que o atributo "teérico" indica o
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valor limiar estimado (NDnaxT € NRmaxT, respectivamente), bem como os valores
derivados de PDnaxT, € ndo representam exatamente a faixa de crescimento
observada em campo, mas caracterizam a estimativa do potencial genético da
linhagem, o qual ndo é atingido devido a fatores dietéticos. Dessa forma, Samadi e
Liebert (2006a) informam que a definicdo do potencial maximo genético ndo pode
ser totalmente considerado para otimizar estratégias alimentares. Porém, é possivel
utilizar este potencial como porcentagem do PDnaxT ou ganho diario de proteina
como parametros de desempenho.

Outra caracteristica fundamental desta metodologia para estimar das
exigéncias aminoacidicas é o uso da técnica da diluicdo da dieta (FISHER &
MORRIS, 1970), pois ela proporciona relagdes aminoacidicas constantes entre 0s
tratamentos produzindo resultados mais confiaveis. Dessa forma, os principios da
técnica da diluicdo tém sido aplicado para melhorar o método (SAMADI; LIEBERT,
2006a; SAMADI; LIEBERT, 2006b; SAMADI; LIEBERT, 2007a; SAMADI; LIEBERT,
2007b; SAMADI; LIEBERT, 2008).

Uma vez que o0 maximo potencial genético de retencdo e deposicdo de
nitrogénio (NRmaxT € NDnaxT) foram determinados, conforme descrito anteriormente,
um ensaio dose resposta, com dietas limitantes no aminoacido teste, deve ser
realizado para obter a eficiéncia de utilizacdo do aminoacido que € representado
pelo parametro bc-t. O parametro bc-t prediz a utilizacdo total do aminoacido
limitante na proteina do alimento para os processos metabdlicos da sintese proteica
gue envolvem a absorcdo e o catabolismo inevitavel do primeiro aminoacido
limitante.

Pelo principio da proteina ideal, a resposta da ave para ingestdo de nitrogénio
depende do primeiro aminoacido limitante da dieta (LAA). A expressao matemética
que descreve esta relacdo é LAAI = (INNRmaxT-In(NRmaxT-NR))/16.bc*, em que
LAAI é a ingestdo do aminoéacido limitante; c representa a concentracdo do
aminodacido limitante na proteina do alimento ( dada em grama do aminoacido por
100 gramas de proteina bruta); bc™ representa a eficiéncia de utilizacdo do
aminoacido limitante, que € dada pela inclinagcdo entre a concentracdo do

aminoacido limitante (c) e a qualidade protéica do alimentos (b). Um fator de
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conversao da ingestdo de nitrogénio em aminoacido € dado pela seguinte descricéo
NI =16 LAAl/c.

Em comparacao com alguns trabalhos (BILGILI et al., 1992; KIDD et al., 1997,
CORZO et al., 2002), os resultados obtidos por Samadi e Liebert (2007a) para o
gendtipo de frangos Cobb 500® revelaram niveis semelhantes, o que indica uma

equivaléncia metodoldgica, com certa simplicidade na execucao.
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Abstract

The aim of this study was to model the response of fast-growing broilers (Cobb 500)
and estimate the digestible lysine requirements considering the age, sex, daily
protein deposition and efficiency of lysine utilization. For this, a nitrogen balance trial
was conducted for each period (6 - 21, 22 — 37, and 38 - 53 days). Each broiler was
housed in a metabolic cage and each trial lasted 15 days (five for adaptation and two
consecutive periods of five days of collection). Each trial had 84 broilers (42 males
and 42 females) assigned in a completely randomized design with seven treatments
and six replications. Treatments consisted of seven diets with protein levels ranging
from 61 to 364 g/kg in the dry matter, with the limiting lysine (4.91 g lysine / 100g de
CP) provided by the dilution technique. From the application of nonlinear models
were determined the maximum nitrogen deposition (NDmaxT) and the nitrogen
requirement for maintenance. These data were used to model the lysine requirement.
Taking 60% NDnmaxT and the average utilization efficiency of lysine for calculations,
optimal concentrations of lysine estimated were 1.07 and 0.96% (6-21 days), 1.01
and 0.93% (22-37 days), 0.90 and 0.72% (38-53 days) for males and females,
respectively (corresponding to 50, 120 and 160 g daily feed intake, respectively). The
model applied allowed estimation of digestible lysine requirement consistent with the
published data and the flexibility of the model allows to make recommendations for

each protein deposition and consumption observed in the field.

Keywords: Nitrogen balance, chicken, lysine, model
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Implications

This article sought to describe an approach to estimate the optimal concentration of
lysine in the diet by using nonlinear models. Along with the principle of factorial
method these models were able to properly represent the physiological response of
growing broilers by the intake of different concentrations of lysine. With the
responses obtained, the variation in the utilization efficiency of lysine in the diet can
influence the optimal level recommended by the model used. Beyond this factor, the
feed intake can also affect the concentration of digestible lysine established,
especially when considered the sex. Estimates of optimal concentration of digestible
lysine in the diet regarding the maximum deposition of protein, dependent on age,
sex and genotype, were consistent with literature recommendations for growing
broilers. In this context, the use of nonlinear models can contribute with the
adjustment of nutritional programs for these broilers during the growing phase. The
objective of these programs has been to establish diets that allow broilers to express
their maximum genetic potential. In view of this purpose, it is assumed that
productive indices during the growing period are optimized. However, before
establishing an optimal level it is necessary further studies to evaluate the protein
deposition in these broilers and variations in the utilization efficiency of this amino

acid in the diet.

Introduction

Broiler strains available in the market are different as for the requirements of
amino acids. This aspect is because the growth of broilers is mainly determined by

the genotype (Leclerq, 1983; Renden et al., 1992; Smith et al., 1998). Other factors
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that also determine differentiated requirements are sex and age (Zuprizal et al., 1992;
Rosa et al.,, 2001). In this way, the determination of amino acids requirements in
poultry depends on an adequate description of the potential protein deposition of
birds according to genotype, age, and sex. This potential has been determined in
nitrogen balance trials or carcass analyses (Liebert et al., 2000).

Besides the maximum potential for protein deposition the utilization efficiency
of the amino acid and the nitrogen requirement for maintenance when combined into
a factorial equation enable the estimative of amino acid requirements (Liebert et al.,
2000). The utilization efficiency of amino acids is usually represented by a model
where the bird response to the amino acid intake is constant and linear up to the
maximum protein deposition. But several studies have shown the curvilinear nature
of the response of a flock to the variation in the maintenance and growth potential
(Fisher, 1973; Curnow, 1973; Fatufe, 2005). In this way, nonlinear functions are more
appropriate to represent responses of poultry to amino acids intake.

An alternative approach to determine requirements is the use of procedures to
model the response of broilers to the amino acid intake (Samadi and Liebert, 20064,
b, 2007a, b). This method is based on nonlinear mathematical models using
mathematical relationships between nitrogen intake (NI), nitrogen excretion (NEX)
and theoretical maximum retention of nitrogen (NRmaxT). A priori this method
combines characteristics of easy implementation, inherent to the dose-response
method and allows the fractionation of requirements for maintenance and growth. In
addition, it allows considering differences between genotypes, sex and growth

dynamics, by considering a short time period.
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As mathematical prediction models have focused on the estimate of lysine
requirement and other amino acids are incorporated to the diet according to the ideal
protein concept (Oviedo-Ronddon & Waldroup, 2002), the accurate evaluation of
lysine requirements becomes essential (Baker, 1997). In this way, this study aimed to
model the maximum potential and nitrogen deposition of broilers, of both sexes
according to the age, and to estimate the requirements of digestible lysine for

different protein depositions and utilization efficiency of lysine.

Material and methods

Three trials were conducted on the nitrogen balance in the experimental
facilities of the Poultry Science Laboratory of the Faculty of Agricultural and
Veterinary Sciences of Unesp Jaboticabal, Sdo Paulo State. Trials were developed in
metabolic shed with negative pressure system to control the temperature. In total,
252 Cobb 500 broilers (126 males and 126 females) were used. The chicks were
reared in battery cages up to the sixth day and after that period the broilers were
used in the nitrogen balance trials. Trials of nitrogen balance were split into five
adaptation days and two consecutive periods for collection (five days each). It was
undertaken a nitrogen balance trial for each period (6-21 days; 22-37 days, and 38-
53 days). The period was extended to 53 days because of the interest of some
companies to commercialize cut yields (mainly breast and thigh meat). For each
period, 84 birds were used (42 males and 42 females). Broilers were assigned in a
completely randomized design, made up by seven treatments and six replications
each. The average initial weight in each phase was 143+4g and 147+5¢g (6-21 days),

911+29g and 891+30g (22-37 days) and 2596+82g and 2091+62g (38-53 days) for
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males and females, respectively. Broilers were individually housed in metabolic

cages supplied of individual feeders and nipple drinkers.

Experimental diets, management and data collection

Treatments consisted of seven isoenergetic diets with different nitrogen levels
prepared by the dilution technique, maintaining constant the ideal ratio proposed by
ROSTAGNO et al. (2005), except for lysine, which has been deficient and limiting the
responses of broilers to experimental diets. Two diets were formulated, one
concentrate diet and a nitrogen free diet (Table 1). The nitrogen free diet was used
to dilute the concentrate diet to compose the experimental diets with gradual supply
of protein (N1=6.1%, N2=12.4%, N3=18.3%, N4=23.9%, N5=29.5% and N6=36.4%
in dry matter), maintaining the ideal ratio of amino acids. The proportions of
concentrate:Nitrogen free in the experimental diets were N1=15:85; N2=32:68;

N3=49:51; N4=66:34; N5=83:17 and N6=100:0.

>>> To insert Table 1

Experimental diets were prepared by the diet dilution technique (Fisher and
Morris, 1970) so that the lysine in the experimental diets was the first limiting amino
acid with mean concentration of 4.91 g lysine/100 g of Crude protein. In the trials was
used a single diet for all phases. Dietary levels of digestible lysine were achieved by
the diet dilution technique, with 36% relative deficiency of lysine in relation to other
amino acids based on the requirement estimated according to Rostagno et al. (2005).

The levels of digestible lysine of treatments were: N1=0.276%; N2=0.588%;
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N3=0.900%; N4=1.211%; N5=1.523%; N6=1.835%). The seventh treatment
consisted in the supplementation of 4 g L-Lysine HCI /kg diet added in the diet of the
treatment 1 (N1), corresponding to 312 g lysine/kg diet, as a counter-proof to check if
lysine was actually the first limiting amino acids in experimental diets. The relative
proportion of amino acids in relation to lysine and the nutritional composition of diets

is in Table 2.

>>> To insert Table 2

Each trial lasted for 15 days, divided into adaptation (five days) and the total
collection of excreta (two consecutive periods of collection with five days each). In the
beginning of the adaptation, diets were supplied ad libitum to predict the intake per
bird in the collection period. The diet was weighed and provided individually and the
amount kept constant up to the beginning of the third day of adaptation, when the
feed supply was again adjusted for another two days, based on the intake of previous
days. At the start of the collection period the intake was measured again and the
amount of feed supply was held constant up to the end of the period. This measure is
adopted to control the feed supply based on the intake increase resulting from the
accelerated growth of these broilers. Excreta were collected once a day and

immediately frozen and stored at -20 ° C for later analysis.

Chemical analyses

Excreta were thawed and manually homogenized, then freeze dried for 72

hours (-80°C; -800mbar; Edwards 501, Thermo®). Samples were weighed to quantify
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the pre-dried material and thus ground in a micromill (A1l Basic, IKA®). The total
nitrogen content of excreta and diets were quantified following the Kjeldahl method
(method # 2001.11), according to AOAC (2002) in nitrogen distiller (kjeltec™ 8400;
Foss®). The calculation of crude protein was based on the factor 6.25 from the
determined content of nitrogen. The energy content of diets was analyzed by bomb
calorimetry (C2000, IKA®-Werke) and calculated in terms of metabolizable energy
(Rostagno et al., 2011). The composition of amino acids of diets was estimated
using the data of the aminogram accomplished in the Laboratory of Ajinomoto
Biolatina and the digestibility coefficients calculated according to Rostagno et al.

(2011).

Data analysis

Experimental data are presented as mean values * standard error. Data were
analyzed with the statistical package SAS 9.1, using the PROC NLIN to fit the
nonlinear models. Differences between variables were compared by a one-way
analysis of variance (anova) including Tukey for significance identification. The
nitrogen requirement for maintenance (NMR, mg/BW,,>®/day) was obtained by the
relationship between nitrogen intake (NI, mg/BW,,>%"/day) and nitrogen excreted
(NEX, mg/BW,"%"/day), considering the NMR as the intercept of the exponential

function on the axis Y (NEX) for NI=0, according to the equation (1):

NEX = NMR (e”™) (1)
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The theoretical maximum retention of nitrogen (NRpyaxT, mg/BWkg°'67/day), as
the limit value of the exponential function between NI and nitrogen retention (NR,
mg/BWkg°'67/day) (equation 2), was estimated by a statistical process after several
iterations by the Levenberg-Marquardt algorithm until the lowest possible sum of
squares of the residue. This nonlinear model for growing monogastric animals was

applied in accordance with current studies (Samadi and Liebert, 2006a, b, 2007a, b):

NR = NRpmaxT (1 - €N (2)
ND = NRmaxT(1 - e®N) = NMR (3)
Where:

NR = Nitrogen retention (ND+NMR)

ND = Nitrogen deposition or nitrogen balance (NI-NEX)

NI = Nitrogen intake

NMR = Nitrogen requirement for maintenance

NRmaxT = Theoretical maximum retention of nitrogen

b = slope of the nitrogen retention curve (indicating the quality of diet protein,
regardless of nitrogen intake)

e = base of the natural logarithm (In)

For the calculation of lysine requirement, the exponential function in the
equation (2) was log transformed. The equation (4) generated by the transformation
of the equation (2) allows assessing the effectiveness of the protein in the diet

(quality of food protein) regardless of amount of nitrogen ingested.
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b = (INNRmaxT — IN(NRmaxT = NR)) / NI (4)

NI = (INNRmaxT — IN(NRmaxT = NR)) / b (5)

The equation (5) calculates the nitrogen intake (NI) needed for a certain
performance (NR) which depends on the protein quality of the provided food (b).
Based on the equation (5) the intake necessary of the limiting amino acid (LAA) in the
diet is established. The quality of the food protein (b) is linearly dependent on the
concentration of the limiting amino acid in the food protein (c) (Samadi and Liebert,
20064, b, 2007a, b). Dose response studies using the supplementation technique is
commonly based on the fundamental principle of the relationship between the
content of the limiting amino acid in the diet and the growth response, which is also

considered in the equation (6).

LAAI = (INNRmaxT — IN(NRmaxT — NR))/16bc ™ (6)

Where:
LAAI= intake of the limiting amino acid dependent on the bird’s performance
and utilization efficiency of the limiting amino acid [mg/kg®®’]

bc™ = slope between the concentration of the limiting amino acid (c) and the

quality of dietary protein(b). (Indicating the utilization efficiency of the amino acid).

A conversion factor from nitrogen intake to amino acid is given by the equation

(7):
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NI = 16 LAAI/C (7)

Replacing the NI in the equation (5) by the equation (7) results in the equation
(6). The slope of the linear function between the concentration of the limiting amino
acid in the diet (c) and the parameter of the model corresponding to the quality of
food protein (b) which represents the utilization efficiency of the limiting amino acid

(Samadi and Liebert, 2006b).

Results

In Tables 3 and 4 are shown results of nitrogen balance trials, with growing
broilers, males and females, respectively. As expected, the ND responded to the
gradual supply of protein in the diet. The NEX increased with increased intake of
nitrogen, reaching values above the ND in the highest levels. Since it was adopted
two consecutive periods for collection in nitrogen balance trials, the standard error of

the mean was greater within each treatment.

>>> To insert Table 3

>>> To insert Table 4

The regression between NI and NEX, dependent on age, period and sex, was
fitted by an exponential function (Figures 1 and 2). The NMR was estimated by the
intercept on the axis Y for NI=0 and represents the amount of nitrogen to be ingested

to offset endogenous losses.
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>>> To insert Figure 1

>>> To insert Figure 2

The estimative of the threshold value representing the maximum genetic
potential for body protein deposition of Cobb 500 strain are illustrated in figures 3 and
4 for males and females, respectively. The results of estimating NDmaxT as the
threshold value of the exponential function demonstrate that the genetic potential of

growing chickens to deposit protein per BWkgo'67 decreases with increasing age.

>>> To insert Figure 3

>>> To insert Figure 4

The values estimated of NMR for different age groups and both sexes are in

Table 5.

>>> To insert Table 5

In the Table 6 are presented the model parameters transformed into daily
protein deposition for the average body weight in the period, for males and females,
using the asymptotic response (threshold value) determined by the model. From this
procedure, the data was modeled to determine the amino acid requirement by the
equation (6), dependent on the performance (daily protein deposition) and efficiency

of the limiting amino acid in the diet.
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>>> To insert Table 6

Results of data modeling of digestible lysine requirements are in Tables 7 to 9.
In order to fit calculations for performance conditions observed in the field, were
adopted 50%, 60% and 70% NDnmaxT as daily protein deposition (Samadi and Liebert,
2006a; Samadi and Liebert, 2007a,b). The criterion to select the percentage was
based on the mean value of ND values (observations from field data or experimental
values) in relation to NDnaxT estimated in the period. In this study, the mean value
established was 56%, but for simplification of calculations it was used the value of
60% (SAMADI & LIEBERT, 2007a). In the early phase (6-21 days) were estimated
levels of 1.07% and 0.96% digestible lysine for males (daily protein deposition of 7.2
g) and females (daily protein deposition of 6.6 g) both consuming on average 50 g
feed per day (Table 7). In the growing phase (22-37 days) were estimated levels of
1.01% digestible lysine for males for a daily protein deposition of 15 g, and 0.93%
digestible lysine for females for a daily protein deposition of 14 g, both consuming on

average 120 g feed per day (Table 8).

>>> To insert Table 7

>>> To insert Table 8

In the final phase (38-53 days) were estimated levels of 0.90% and 0.72%
digestible lysine for males (daily protein deposition of 17.7g) and females (daily
protein deposition of 14.1 g), both consuming on average 160 g feed per day (Table

9). Despite recommendations more information on the model and performance data
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are needed to improve estimates, once the optimal concentration of lysine in the feed

could variety according to daily protein deposition and daily feed intake by broilers.

>>> To insert Table 9

Discussion

Amino acids requirements for growing birds can be determined based on a
factorial equation that integrates the protein deposition and utilization efficiency of the
limiting amino acid in the diet. However in this equation the relationship that allow
determining the efficiency (amino acid deposition according to intake) when dealing
with poultry is not linear and should be described through a mathematical model that
adequately represents the physiological response of these birds (Fatufe, 2005). In
the study, the nitrogen deposition presented a curvilinear response as a function of
nitrogen intake. This result has been observed in dose-response studies when the
additional intake of amino acid in the diet is close to or above the maximum
response.

The method used adopts the principles of the diet dilution technique (Fisher
and Morris, 1970) to determine the values of NMR and NDmaxT, which depend on
the genotype, sex and age (Samadi and Liebert, 2006a, 2007a, b). The NMR
estimated represents the amount of nitrogen to be consumed to offset endogenous
and metabolic losses. The mean value of NMR obtained in this study was 255
mg/BWkg®®'/day and is consistent with the value proposed by Samadi & Liebert
(2006a, 2007a) of 252 mg/BWkg®®’/day. The endogenous nitrogen in the digestive

tract comes from the desquamation of epithelial cells of the intestinal mucosa and
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mucins produced and secreted by cells throughout the gastrointestinal tract (Scott et
al., 1982). These authors mentioned that this daily loss of endogenous nitrogen
represents approximately 250 mg nitrogen/BWKkg. In the present study, this value
was 243 mg/BW,g/day for males and 258 mg/BWkg/day for females, and is
consistent with the values proposed by those authors. These values are also within
the range of 200-300 mg/BWkg/day for the total loss of endogenous nitrogen for
growing birds, proposed by Leeson and Summers (2001). Endogenous losses
estimated by Longo et al. (2001) were 198 and 258 mg/BW,">"°/day, for males and
females, respectively. Our results of 249 mg/BWkg°'75/day for males were higher, but
the value found for females (256 mg/BWkg®"°/day) is in agreement with the results of
these authors. The procedure used to determine the NMR enables to estimate the
threshold value that represents the maximum response of the bird (NRmaxT and
NDmaxT), Whose theoretical attribute is used to represent a condition without
restrictions.

Estimated values of NDpnaT have reduced with the age, from 3746
mg/BW,"%"/day (6-21 days) to 2204 mg/BW,,*® /day (38-53 days for males (Figure
3). Females presented similar trend (Figure 4), with a reduction in the NDpyaxT, from
3620 mg/BW,,>®/day (6-21 days) to 2048 mg/BW,, % /day (38-53 days). This was
also observed by Peisker et al. (2000), who found a slightly higher value of NDpaxT
with Cobb 500 males (3865, 3034 and 2696 mg/BW,,>%/day) derived from the
different age of broilers during the experimental period (10-15, 15-20 and 30-35 days
of age). This decrease is evident with advancing age, because the degradation rate
is more pronounced than the synthesis rate and in consequence there is a lower

protein deposition in older broilers (Gonzales and Sartori, 2002). Moreover studies
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showed that the efficiency of amino acid deposition on the carcass is higher in the
first week of life, and is reduced according to the age (Sklan and Noy, 2004). The
high capacity for protein deposition during the initial growth can be also associated
with the best utilization of nitrogen (Zuprizal et al., 1992). Researches developed by
Krogdahl and Sell (1988) support this conclusion, indicating the enhanced protease
activity in the intestine of young birds compared with older ones. Owing the
morphological changes, the potential for digestion and absorption of nutrients seems
to increase during the initial phase (Sklan, 2001).

Also the results pointed to a higher potential for protein deposition in males
than in females. In the initial phase, the potential for protein deposition in males was
3.5% higher than in females. In the final phase, males presented a potential 7.6%
above the value observed for females, showing that the difference in the potential for
protein deposition between males and females increases especially in more
advanced ages. Likewise, Han and Baker (1994) concluded that males tend to grow
faster (12%) than females owed the higher daily feed intake of males. These
observations are in general according to numerous studies that highlight the effects
of age and sex on protein deposition are more pronounced in the final phase (Wijtten
et al., 2004; Kidd et al., 2005).

The appropriate recommendation of lysine is important because the reference
amino acid is taken into account in feed formulation, in order to apply the ideal
protein concept. The ideal levels of digestible lysine in the diet were estimated based
on the percentage of NDnaxT and for each intake estimate determined for different
age intervals. In the initial phase (6-21 days) were estimated levels of 1.07% and

0.96% digestible lysine for males and females, respectively. Our estimative
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corroborates Goulart et al. (2008) that recommend to male broilers 1.29; 1.06 and
1.01% digestible lysine for the pre-initial (1-7 days), initial (8-21 days) and growth
(22-42 days), respectively. Nevertheless, our estimates are below the recommended
by NRC (1994). The lysine requirement (1.1%) of broilers with 0-3 weeks of age
suggested by NRC (1994) were estimated to allow maximum growth. But a level of
1.07% digestible lysine (1.17% total) was estimated to optimize the feed conversion
(Knowles et al., 1997). As the feed intake varies, the ideal concentration of digestible
lysine also does. This variation can be influenced by several factors, hindering to
structure a single model that allows estimating for different production conditions. In
this way, despite determined estimates of lysine concentration in the diet, the main
goal of this study was to study the responses of birds to the lysine intake. With these
responses it is possible to determine a precise nutritional program for their integration
into specific consumption patterns to each condition.

In the growing phase (22-37 days) were estimated levels of 1.01% and 0.93%
digestible lysine for males and females, respectively. These estimates are in
accordance with results of Han and Baker (1994) who studied the lysine requirement
in both sexes during the period of 3 to 6 weeks of age. These authors have estimated
lysine requirements of 0.99% for males and 0.91% for females in a diet containing
20% CP to maximize the weight gain. Meanwhile, our estimate is below the result
found by Toledo (2006), estimating levels of 1.09% digestible lysine for male broilers
from 23 to 36 days of age to maximize the performance. Our estimative is also below
the recommendations of the Brazilian Table for poultry and pigs (Rostagno et. al.,
2011) which present levels of 1.07% digestible lysine for males and 0.99% for

females in this period. The assessment performed for the growing phase resulted in a
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higher lysine concentration required in relation to the recommendation of 0.95%
digestible lysine by the guide of the strain for this phase (Cobb, 2001). The adequate
recommendation for this phase is important since lysine is preferentially designed to
muscle protein deposition and some parts of the body respond better to the
increased intake of this amino acid (Friesen et al., 1995). Animals with high rate of
protein deposition require higher concentration of lysine in the diet, owing the higher
daily synthesis (Friesen et al., 1995; Lawrence and Fowler, 1997).

In the final phase (38-53 days) were estimated levels of 0.90% and 0.72%
digestible lysine for males and females, respectively. Regarding the recommendation
of the guide of the strain (Cobb, 2001) the level for males is consistent with proposed
(0.90% for broilers older than 42 days). However, for females this recommendation is
above the required estimated in our study. Corzo et al. (2006) suggested that males
of a high yield strain should be fed with at least 0.85% digestible lysine in the period
from 42 to 56 days of age. These same authors also have suggested that females
require a concentration lower than 0.85% digestible lysine in the diet for an adequate
growth. Dozier Il et al. (2008) determined the requirement of digestible lysine during
the period of 49-63 days of age for female broilers at 0.81% to maximize the
performance, and for males at 0.87% and 90% of diet for the performance and breast
meat yield, respectively. According to Rostagno et al. (2011) males in the period of
38-53 days require 0.94% digestible lysine in the diet, while females require 0.79%
digestible lysine.

In general, males have high requirement of lysine compared to females,
particularly at younger ages (Baker, 2003) and the sex affects the utilization

efficiency of the amino acid, leading to different responses between males and



4

females, especially by the difference in the daily intake (D’mello, 2003). Females tend
to present a high utilization efficiency compared to males and this difference can be
related to the more efficient absorption or the enhanced utilization efficiency of amino

acids after absorption (Li and Nolan, 2002).

Conclusions and perspectives

Exponential models applied to determine the NDnyxT and the NMR allowed
elaborating estimates of digestible lysine requirements consistent with literature data.
By assuming 60% maximum protein deposition, optimal lysine concentrations
estimated were 1.07 and 0.96% (6-21 days), 1.01 and 0.93% (22-37 days), 0.90 and
0.72% (38-53 days) for males and females provided with a daily feed intake of 120
and 160 g, respectively. This flexibility of the model allowed developing nutritional
strategies for growing broilers, which can be adjusted according to the parameters of

performance observed in field conditions.
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(ND mg/BWkg0.67/d) obtained in nitrogen balance trials with males
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Table 5 Estimation of nitrogen requirement for maintenance (NMR)2 and theoretical
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Table 8 Lysine requirements for Cobb 500 males and females in the period of 22-37
days estimated according to the utilization efficiency of lysine, crude protein

deposition, and different predicted intakes

Table 9 Lysine requirements for Cobb 500 males and females in the period of 38-53
days estimated according to the utilization efficiency of lysine, crude protein

deposition, and different predicted intakes

Figure 1 Estimation of nitrogen requirement for maintenance (NMR) by fitting an
exponential function between nitrogen intake (NI) and nitrogen excreted (NEX) after

the gradual supply of protein for Cobb 500 males. e = base of the natural logarithm

(In).

Figure 2 Estimation of nitrogen requirement for maintenance (NMR) by fitting an
exponential function between nitrogen intake (NI) and nitrogen excreted (NEX) after

the gradual supply of protein for Cobb 500 females. e = base of the natural logarithm

(In).

Figure 3 Estimation of the theoretical potential for nitrogen deposition (NDmaxT) with
male growing broilers, based on the ratio between nitrogen intake (NI) and nitrogen

balance (ND), in different ages.
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Figure 4 Estimation of the theoretical potential for nitrogen deposition (NDmaxT) with
female growing broilers, based on the ratio between nitrogen intake (NI) and nitrogen

balance (ND), in different ages.

Table 1 - Composition of experimental diets

Ingredients(%) Diets

Concentrate (N6) Free of protein
Soybean Meal (45%) 54.03 -
Corn grain 17.00 -
Corn gluten (60%) 16.50 -
Soybean oil 8.42 6.50
Dicalcium phosphate 1.90 2.70
Limestone 0.72 0.34
Salt 0.51 0.52
DL-methionine (99%) 0.45 -
L-lysina HCI (78%) 0.35 -
L- threonine (99%) 0.15 -
Vitamin supplement* 0.10 0.10
Choline chloride (60%) 0.07 0.07
Mineral supplement? 0.10 0.10
Coccidiostat® 0.05 0.05
Potassium chloride - 1.28
Corn starch - 59.50
Inert - 5.96
Rice husk - 12.88
Sugar - 10.00
Total 100.00 100.00

'Content/kg: Folic acid = 800mg, Pantothenic Acid = 13000mg, Nicotinic acid= 35000mg, Vit. A =
7000000 UI, Vit. B1 = 2000mg, Vit. B12 = 12000mg, Vit. B2 = 5000mg, Vit. B6 = 3000mg, Vit. D3 =
2200000 UI, Vit. E = 11000mg, Vit. K3 = 1600mg, antioxidant = 100000mg, Vehicle g.s. 1000g.
2Content/kg: Mn = 70000mg, Fe = 50000mg, Zn = 50000mg, Cu = 8000mg, | = 1200mg, Se = 200mg,
Vehicle g.s. 1000g. *Coxistac 12%.
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Table 2 - Nutrients and amino acid composition of experimental diets in dry matter
basis and relative proportion of amino acids in relation to lysine

Amino acids Diets Ratio with
(%) N1 N2 N3 N4 N5 N6 lysine
Lysine 0.276 0.588 0.900 1.211 1523 1.835 100
Methionine 0.153 0.325 0.498 0.670 0.843 1.015 55
Met+Cys 0.223 0.474 0.726 0.978 1.229 1.481 81
Threonine 0.205 0.436 0.667 0.898 1.129 1.360 74
Tryptophan 0.054 0.124 0.175 0.236 0.297 0.357 19
Gly+Ser 0.482 1.026 1570 2.115 2.660 2.937 160
Arginine 0.316 0.673 1.030 1.387 1.744 2.100 114
Histidine 0.126 0.269 0.412 0.555 0.697 0.840 46
Leucine 0.539 1.148 1.757 2.366 2.975 3.584 195
Isoleucine 0.222 0473 0.724 0.975 1.227 1.478 81
Valine 0.233 0.497 0.761 1.025 1.289 1553 85
Nutrients Diets
N1 N2 N3 N4 NS N6
Crude protein (%)? 6.10 12.40 18.30 23.90 29.50 36.40
Crude Lipid (%)? 7.21 8.91 8.32 8.87 9.43 9.98
Crude Fiber (%)? 4.84 4.55 4.26 3.97 3.68 3.39
Calcium (%)3 0.93 0.93 0.93 0.93 0.93 0.93
Sodium (%)° 0.22 0.22 0.22 0.22 0.22 0.22
Potassium (%)* 0.66 0.74 0.82 0.90 0.98 1.06
Available phosphorus (%)® 0.47 0.47 0.47 0.47 0.47 0.47
AME, (Mcal/kg)* 315 3.5 3.15 3.15 3.15 3.15

'Apparent Metabolizable energy corrected for nitrogen balance, calculated based on
ROSTAGNO et al. (2011)

2 Analised

3 Calculated from ROSTAGNO et al. (2011)



51

Table 3 - Mean body weight (BW g), feed intake (FI g/d), nitrogen intake (NI
mg/BWkg°'67/dg, nitrogen excreted (NEX mg/BW,,"%"/d) and nitrogen deposition
(ND mg/BWgq %7/d) obtained in nitrogen balance trials with males®

Period | (6 - 21 days)

N1 N2 N3 N4 N5 N6
BW 261 + 42 348 + 62 381 +63 405 + 63 402 + 60 417 £ 65
Fl 32+3 48+ 6 45+ 6 49+5 48+5 47+5
NI 787 + 26 1941 + 18 2518 + 49 3493 + 30 4238 + 65 5043 + 73
NEX 225 + 15 475+ 46 741 + 67 1163 + 22 1622 + 67 2294 + 42
ND 562 + 28 1466 + 37 1777 £ 31 2330 £ 32 2616 + 61 2750 £ 47

Period Il (22 - 37 days)

N1 N2 N3 N4 N5 N6
BW 1211 +98 1381 + 106 1490 + 98 1579 + 119 1420 £ 119 1533 £ 164
Fl 105+ 2 113+6 111+3 1135 106 +2 106 £ 7
NI 918 + 58 1826 + 73 2503 + 84 3193 + 28 4006 + 150 4652 + 48
NEX 324+ 30 669 + 77 812 +18 1229 + 20 1834 + 144 2303 + 54
ND 594 + 36 1157 £ 19 1691 + 68 1964 + 28 2172 +11 2349 + 20

Period Il (38 - 53 days)

N1 N2 N3 N4 N5 N6
BW 2902 + 97 3039 + 147 3166 £ 117 3249 + 84 3198 + 95 3103 +94
Fl 1314 1565 155+3 150+ 4 155+ 4 147 5
NI 625 + 20 1474 + 30 2102 + 56 2607 =50 3363 + 99 4024 + 116
NEX 261+ 18 575+ 35 789 + 39 1139 + 49 1647 + 73 2232 £ 117
ND 364 + 14 898 + 26 1312 + 40 1468 + 19 1716 + 43 1792 + 32

'Mean value of two collection periods + standard error.
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Table 4 - Mean body weight (BW @), feed intake (FI g/d), nitrogen intake (NI
mg/BWkg°'67/dg, nitrogen excreted (NEX mg/BW,"%"/d) and nitrogen deposition
(ND mg/BWgq %7/d) obtained in nitrogen balance trials with females?.

Period | (6 - 21 days)

N1 N2 N3 N4 N5 N6
BW 254 + 38 312 +53 342 + 56 37352 383+ 62 363 + 45
FI 36+4 46+ 6 47+5 45+ 4 49+5 47 + 4
NI 895+ 12 2025 + 29 2876 + 36 3379 +31 4461 + 45 5409 + 43
NEX 241 + 17 573 £33 763 = 28 1092 + 41 1801 + 48 2591 + 37
ND 654 + 19 1452 + 27 2113 £ 40 2286 + 34 2660 * 35 2818 £ 55
Period Il (22 - 37 days)
N1 N2 N3 N4 N5 N6
BW 1192 + 83 1314 + 78 1398 + 87 1491 + 79 1381 +81 1437 + 119
FI 1032 109+3 1092 112+ 2 108+ 6 112 +5
NI 903 + 50 1806 + 39 2573 + 57 3282 + 64 4129 + 107 5121 +81
NEX 304 + 18 574 + 23 871+ 15 1261 + 33 1903 £ 99 2661 + 53
ND 599 + 33 1232 + 24 1703 £ 50 2021 +33 2225+ 35 2460 + 44
Period Il (38 - 53 days)
N1 N2 N3 N4 N5 N6
BW 2270+ 108 2427 £ 104 2589 + 96 2530 £ 79 2530 £78 2600 £ 117
FI 123+ 4 138+5 139+3 1374 138+ 3 133+6
NI 693 + 19 1517 £ 29 2153 £ 61 2819 + 86 3510 £+ 83 4080 + 110
NEX 292 + 15 554 + 32 897 £ 59 1264 + 77 1890 + 86 2319 + 118
ND 402 £ 15 963 + 26 1255 + 28 1555 + 33 1620 £+ 35 1761 £ 43

IMean value of two collection periods + standard error.
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Table 5 - Estimation of nitrogen requirement for maintenance (NMR)? and theoretical
potential for nitrogen deposition (NDpaxT)? of Cobb broilers, according to age
and sex.

Period!

| (6-21d) Il (22-37d) 11l (38-53d)

NMR NDmaxT R NMR NDmaxT R NMR  NDpmaxT R?

mg N/BW,,”®’/d

Males 219 3746 0.98 264 3137 0.98 276 2204 0.98
Females 225 3620 0.98 277 3038 0.98 271 2048 0.98

(1) Initial, (1) Growing and (ll) Final.
2 mgN/BW,,>%'/d



54

Table 6 - Daily protein deposition of growing broilers, in terms of the variable
percentage of the theoretical potential for daily protein deposition (PDmaxT),
according to age and sex.

Experimental period*

(6 - 21 d) Il (22 - 37 d) Il (38 - 53d)
male female male female male female

NDmaxT (mg/BWkg°'67/d) 3746 3620 3137 3089 2204 2048
Mean weight (g) 370 338 1438 1362 3106 2485
Protein deposition (g/d)?
50% NDmaxT 6.0 55 12.5 11.9 14.7 11.8
60% NDmaxT 7.2 6.6 15.0 14.2 17.7 14.1
70% NDmaxT 8.4 7.7 17.5 16.6 20.6 16.5
80% NDmaxT 9.6 8.8 20.0 19.0 235 18.8

1 (1) Initial, (1) Growing and (lI1) Final.
Calculation based on the mean weight
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Table 7 - Lysine requirements for Cobb 500 males and females in the period of 6-21
days estimated according to the utilization efficiency of lysine, crude protein
deposition, and different intakes

Sex Male Female
NDmaxT (%) 50 60 70 80 50 60 70 80
Protein deposition (g/d) 6.0 7.2 8.4 96 55 6.6 7.7 8.8
Lysine utilization efficiency (bc™) 58x10° 62x10°
Lysine requirement (mg/kg®®’/d) 804 1042 1350 1781 769 998 1294 1714
Lysine requirement (mg/d) 413 536 693 915 372 482 625 829

Optimum level of lysine in the diet (%)

Daily intake (g)*

40 103 134 173 229 093 121 156 207
50 083 1.07 139 183 074 09 125 1.66
60 069 089 116 152 062 080 1.04 1.38

) Predicted daily feed intake based on the intake observed during the experimental
period
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Table 8 - Lysine requirements for Cobb 500 males and females in the period of 22-37
days estimated according to the utilization efficiency of lysine, crude protein
deposition, and different predicted intakes.

Sex Male Female

NDpmaxT (%) 50 60 70 80 50 60 70 80
Protein deposition (g/d) 125 15 17.5 20 119 142 16.6 19
Lysine utilization efficiency (bc™) 66 x10° 71 x10°

Lysine requirement (mg/BW,"%"/d) 735 947 1221 1606 707 905 1173 1561
Lysine requirement (mg/d) 938 1209 1557 2048 869 1113 1443 1919

Optimum level of lysine in the diet (%)

Daily intake (g)l

110 085 110 142 186 079 101 131 174
120 0v8 101 130 171 072 093 120 1.60
130 072 093 120 158 067 086 1.11 148

) predicted daily feed intake based on the intake observed during the experimental
period
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Table 9 - Lysine requirements for Cobb 500 males and females in the period of 38-53
days estimated according to the utilization efficiency of lysine, crude protein
deposition, and different predicted intakes.

Sexo Male Female

NDmaxT (%) 50 60 70 80 50 60 70 80
Protein deposition (g/d) 147 177 206 235 11.8 141 165 18
Lysine utilization efficiency (bc™)? 96 x10° 104 x10°®

Lysine requirement (mg/BW,"%"/d) 529 677 863 1123 492 623 798 942
Lysine requirement (mg/d) 1130 1447 1843 2399 905 1146 1469 1733

Optimum level of lysine in the diet (%)

Daily intake (g)1

150 075 09 123 160 0.60 0.76 098 1.16
160 0.71 090 115 150 057 0.72 092 1.08
170 066 085 1.08 141 053 0.67 0.86 1.02

) Predicted daily feed intake based on the intake observed during the experimental
period
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Figure 1 - Estimation of nitrogen requirement for maintenance (NMR) by fitting an

exponential function between nitrogen intake (NI) and nitrogen excreted (NEX)
after the gradual supply of protein for Cobb 500 males. e = base of the natural

logarithm (In).
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Figure 2 - Estimation of nitrogen requirement for maintenance (NMR) by fitting an
exponential function between nitrogen intake (NI) and nitrogen excreted (NEX)
after the gradual supply of protein for Cobb 500 females. e = base of the

natural logarithm (In).
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Figure 3 - Estimation of the theoretical potential for nitrogen deposition (NDmaxT) with
male growing broilers, based on the ratio between nitrogen intake (NI) and nitrogen

balance (ND), in different ages.
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Figure 4 - Estimation of the theoretical potential for nitrogen deposition (NDmaxT) with
female growing broilers, based on the ratio between nitrogen intake (NI) and nitrogen

balance (ND), in different ages.
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