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REGISTRO DO IMPACTO ESPERADO NA SOCIEDADE DA DISSERTACAO

Os resultados demonstraram uma alternativa viavel para reduzir o custo das
racoes, e uso de farelo de soja em dietas de frangos de corte, por meio da
inclusdo de aminoacidos sintéticos, consequentemente, reduzindo o nivel de
proteina bruta das racdes, sem prejudicar o desempenho das aves. Impactando
diretamente na excrecdo de nitrogénio, trazendo beneficios para o meio

ambiente.

REGISTRATION OF THE EXPECTED IMPACT ON THE DISSERTATION
SOCIETY

The results demonstrated a viable alternative to reduce the cost of feeds, and the
use of soybean meal in broiler diets, through the inclusion of synthetic amino
acids, consequently, reducing the level of crude protein in the feeds, without
impairing the performance of the feeds birds. Directly impacting nitrogen

excretion, bringing benefits to the environment.
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RELACAO OTIMA DE AMINOACIDOS SULFURADOS EM DIETAS COM
REDUCAO DE PROTEINA BRUTA PARA FRANGOS DE CORTE

RESUMO - O crescimento da producédo de fragos de corte vem sendo
superavel a cada ano, no entanto, alguns pontos tém sido bastantemente
debatidos. Na questao nutricional a reducéo da proteina bruta sem prejudicar o
desempenho dos frangos de corte. Orgéos e entidades pressiona o sistema de
producdo em questdo socioambiental uma vez que o nitrogénio excretado pelas
aves tem um potencial poluidor. Tradicionalmente as dietas praticadas no Brasil
tende a ndo atender a exigéncia de aminoacidos sulfurados, requerendo assim
a suplementacdo de aminoacidos cristalinos. Logo, o objetivo deste estudo foi
determinar a relacdo 6tima de metionina (Met) e cistina (Cis) na exigéncia de
aminoacidos sulfurados em dietas com reducédo de proteina bruta. Foi conduzido
um ensaio de desempenho, com 1200 frangos de corte macho da linhagem Cobb
500®, distribuidos em delineamento inteiramente casualizado (10 tratamentos x
6 repeticbes), com idade entre 14 e 28 dias alimentados com dez racbes, com
dois niveis de proteina bruta (PB) 21,5% e 19,5% e cinco relacBes entre os
aminoacidos Met:Cis (42:58; 46:54; 50:50; 54:46; 58:42). As racdes foram
formuladas por meio da inclusdo dos aminoacidos DL-metionina e L-cistina, para
atender o nivel de 0,62% Met+Cis. As variaveis resposta avaliadas foram ganho
de peso, conversao alimentar e consumo de racdo. Atrelado foi realizado um
ensaio metabdlico para avaliar o balanco de nitrogénio dos aminoacidos
sulfurados, utilizando 36 machos da linhagem Cobb 500®. Distribuidos em
delineamento inteiramente casualizado (6 tratamentos x 6 repeticées), as aves
foram alojadas em gaiolas metabdlicas individualmente, sendo dois niveis de PB
(21,5% e 19,5%) e trés relacdes entre Met:Cis (42:58; 50:50; 58:42). As excretas
foram coletadas todos os dias, armazenadas em freezer. Este estudo pretende
promover o melhor entendimento da relacdo ideal de metionina e da cistina nas
dietas de frangos de corte com idade de 14 a 28 dias, sobre reducéo proteina
bruta.

Palavras-chave: Cistina, excrecdo de nitrogénio, metionina, reducdo de

proteina bruta
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OPTIMUM RATIO OF SULPHURY AMINO ACIDS IN DIETS WITH
REDUCED CRUDE PROTEIN FOR BROILER CHICKENS

ABSTRACT - The growth in the production of cut chickens has been surpassed
each year, however, some points have been much debated. In terms of nutrition,
the reduction of crude protein without impairing the performance of broilers.
Bodies and entities put pressure on the production system in socio-environmental
issues, since the nitrogen excreted by birds has a polluting potential. Traditionally,
diets practiced in Brazil tend not to meet the requirement of sulfur amino acids,
thus requiring crystalline amino acid supplementation. Therefore, the objective of
this study was to determine the optimal ratio of methionine (Met) and cystine (Cis)
in the requirement of sulfur amino acids in diets with reduced crude protein. A
performance trial was conducted with 1200 male broiler chickens of the Cobb
500® lineage, distributed in a completely randomized design (10 treatments x 6
repetitions), aged between 14 and 28 days fed with ten diets, with two levels of
crude protein (PB) 21.5% and 19.5% and five ratios between Met:Cys amino
acids (42:58; 46:54; 50:50; 54:46; 58:42). The rations were formulated through
the inclusion of the amino acids DL-methionine and L-cystine, to meet the level
of 0.62% Met+Cis. The response variables evaluated were weight gain, feed
conversion and feed intake. Attached, a metabolic assay was carried out to
evaluate the nitrogen balance of sulfur amino acids, using 36 males of the Cobb
500® strain. Distributed in a completely randomized design (6 treatments x 6
repetitions), the birds were individually housed in metabolic cages, with two CP
levels (21.5% and 19.5%) and three Met:Cis ratios (42:58; 50:50; 58:42). Excreta
were collected every day and stored in a freezer. This study aims to promote a
better understanding of the ideal ratio of methionine and cystine in diets for broiler
chickens from 14 to 28 days, on crude protein reduction.

Keywords: Cystine, nitrogen excretion, methionine, low protein
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CONSIDERACAO INICIAIS

1. INTRODUCAO

Inovacgdes tecnoldgicas sdo o0 que impulsionam o crescimento da
avicultura de corte. Dentro da escala de producdo de frangos de corte, ha
diversos pontos a serem considerados, entre eles: reducdo do custo da racao,
reducado da excrecao de nitrogénio e amdnia, bem como estabelecer estratégias
nutricionais para melhorar a utilizagdo dos aminoécidos sintéticos.

Na producéo de frangos de corte, a alimentacdo é um dos itens mais caros
a ser considerado, porém, também uma das areas mais acessiveis para
otimizacdo de custos tornando a atividade mais sustentavel. Para otimizar o
custo com a alimentacdo, é necessario entender melhor as exigéncias
nutricionais das aves, e considerar as diferencas na composi¢cao nutricional e
energética dos ingredientes, para desenvolver estratégias de formulacdo mais
eficientes (Tavernari et al., 2014).

Uma das estratégias usadas pelos nutricionistas para obter formulacées
de dietas mais eficientes é a reducao da proteina bruta em dietas de frangos de
corte. A reducéo da proteina bruta € possivel pelo o uso do conceito de proteina
ideal, que consiste em atender sem excessos nem deficiéncias as necessidades
de todos os aminoacidos requeridos para manutencdo e producdo da ave,
favorecendo assim deposicdo proteica com maxima eficiéncia. Além disso, o
conceito estabelece que as exigéncias dos aminoacidos deve ser relacionado a
um aminoacido referéncia, neste caso a lisina, sendo que esta relacdo
permaneceria de certa forma constante nos diversos cenarios de producéo. A
aplicacdo desde conceito ganhou destaque principalmente apds o inicio da
comercializacdo de aminoacidos sintéticos para uso na alimentacao.

Dentre os aminoacidos cristalinos de maior importancia para as aves, a
metionina (Met) se destaca por ser o primeiro aminoacido limitante na dieta de
aves quando a principal fonte de proteina é farelo de soja, além de ser

responsavel pelo inicio da sintese de proteina. Tradicionalmente as racdes de
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frangos de corte sdo formuladas para atender a exigéncia total dos aminoacidos
sulfurados, ou seja, pela soma total de Met e Cis na dieta. Essa pratica tem sedo
usada com base na suposicdo de que Met dietética é convertida em Cys para
atender a exigéncia de aminoacidos sulfurados (Warnick & Anderson, 1968;
Silva et al., 1999). Diante dessa suposic¢ao, as dietas para frangos de corte sé&o
suplementadas com Met para atender a exigéncia de aminoéacidos sulfurados,
no entanto, o excesso de Met em relacdo a sua necessidade para o6tima
deposicdo nos tecidos ir4 resultar no aumento da excrecdo de nitrogénio
(D’Mello, 1994).

De acordo com Gates (2000), o uso de racBes com niveis reduzidos de
PB, suplementadas com aminoacidos essenciais, permite reduzir a excrecao de
nitrogénio pelas aves. Isto ocorre devido a um melhor aproveitamento dos
aminoacidos promovendo maior deposicao de proteina corporal. Pacheco et al.,
(2018), determinaram a melhor relagcéo (52:48) de aminoacidos sulfurados para
frangos de corte com idade entre 14 e 28 dias com niveis de PB ideal para fase
de crescimento. Ao reduzir o nivel de PB poderia acarretar diferencas na relacéo
de aminoacidos sulfurados (ASS).

Neste contexto, objetivou-se com este trabalho determinar a relagdo 6tima
entre metionina e cistina que atenda as exigéncias de aminoéacidos sulfurados

totais de frangos de corte, em dietas com reducéo de proteina bruta.

2. REVISAO DE LITERATURA

2.1 Reducdo de Proteina em dietas de frangos

Existe crescente pressdo para a reducdo da excrecdo de nitrogénio
advindo do sistema de producédo de frangos de corte. Umas das estratégias é
formular dietas de frangos de corte reduzindo a proteina bruta. Na pratica a
reducdo de proteina é feita através da inclusdo de aminoacidos cristalinos na
ordem em que aparecem limitantes na dieta e, além disso, a reducdo deve ser
suficiente para que nao haja perda de desempenho das aves e que reduza a

excrecdo de nitrogénio de forma significativa.
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No entanto, é preciso considerar as exigéncias dos aminoacidos e atentar-
se a ordem de limitacdo de aminoacidos na dieta, uma vez que, ao reduzir a
proteina bruta, os aminoacidos deficientes devem ser atendidos por meio da
suplementacdo dietética de aminoacidos sintéticos para evitar perda no

desempenho dos animais.

Essa reducdo é possivel na formulacdo de ra¢gbes para frangos, quando
utilizado o conceito de proteina ideal, reduzindo o nivel proteico da racdo para
reduzir a excregéo de nitrogénio, permitir um menor custo nas dietas, sem afetar
o desempenho dos frangos de corte. A proteina ideal, é representada pela
proteina balanceada, cujo principio é o atendimento das exigéncias com base na
relagdo ideal entre os amino&cidos essenciais e a lisina. (Grana, 2008; Cerrate
e Corzo, 2019).

Os aminoacidos cristalinos viabilizaram a reducdo dos teores de proteina
bruta das dietas, em virtude da sua alta digestibilidade, da facilidade e
disponibilidade da inclusado destes na dieta, e permitir a redugéo no incremento
calérico (Toledo et al. 2004). Segundo Cella et al. (2009) a suplementacao de
aminodacidos cristalinos possibilita um melhor balanco entre os aminoacidos
essenciais. As racdes formuladas com base nos aminoacidos digestiveis e no
perfil de proteina ideal, diminuem as perdas de nitrogénio nas excretas.

Dietas de frangos de corte com alto teor de proteina bruta sobrecarregam
o sistema de digestao, diminui absor¢cdo e aumenta a eliminacdo de nitrogénio
nao aproveitavel, onde, acarreta um alto valor de gasto de energia (Bertechini,
2006). Para a incorporagdo de um aminoacido na cadeia proteica ha um custo
metabolico de, aproximadamente em 4mol de ATP, no entanto, 0 excesso ndo é
usado para sintese proteica, e como as aves ndo tem capacidade de estocar
esse excesso por longo periodo, sédo catabolizados, requerendo um alto custo
metabdlico para excretar nitrogénio estimado aproximadamente entre 6 e 18mol
de ATP, esse custo elevado gera reducéo da eficiéncia alimentar, aumento no
desperdicio de nutrientes e, principalmente, maior excre¢cdo de nitrogénio no
ambiente (Mcleod, 1997; Moughan, 2003).

Pesquisas demostram que € possivel a reducédo da proteina bruta (PB)
das dietas de frangos de corte, por meio da suplementacdo de aminoacidos

cristalinos sem alterar o desempenho e caracteristicas de carcaca de frangos,
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além de reduzir a excrecao de nitrogénio (Aletor et al., 2000; Faria Filho, 2006 e
2007). Um estudo realizado por Wang et al. (2001), demonstrou que a adi¢ao de
aminoacidos essenciais em racdes de frangos de corte com reducéo de proteina
bruta de 22% para 17,5%, ndo comprometeu o desempenho animal.

Trabalhos demostram que as aves retem apenas 45% do nitrogénio
ingerido na forma de proteina, o residual é excretado. Um decréscimo de 1% de
PB na dieta, implica em uma reducao de 7% até 10% do nitrogénio excretado
(Cauwenberghe e Burnham, 2001; Faria Filho et al. 2006). Esses resultados
corroboram com o encontrado por (Rostagno et al. 2007), que ao suplementar
aminoéacidos nas dietas de ndo ruminantes, reduz a excrecao de nitrogénio em
8,5% por 1% de proteina bruta reduzida em dietas para frangos de corte.

Manipular a relacdo de aminoacidos sulfurados (metionina + cistina) e
treonina na dieta, diminuiram a excre¢cdo de nitrogénio sem prejudicar o
desempenho, confirmando que a relacdo deve ser balanceada para que néo
ocorra uma maior excrecao de nitrogénio. Por outro lado, a melhor utilizacdo de
todos os aminoacidos para acréscimo e manutencado de proteina € quando estao
na exigéncia ideal ou ligeiramente abaixo um pouco abaixo da exigéncia de
manutencao e crescimento, aumenta a eficiéncia de utilizacdo dos aminoacidos

em dietas com proteina bruta reduzida (Corzo et al. 2005).

2.3. Aminoacidos Sulfurados

Na maioria dos empreendimentos avicolas, as dietas brasileiras sao
formuladas e produzidas a base de milho e farelo de soja, ambos ingredientes
ndo sdo suficientes para atender as exigéncias dos aminoéacidos sulfurados
requeridos pelas aves. De acordo com Brosnan e Brosnan, (2006) os
aminoacidos sulfurados (SAA) sdo compostos pela: metionina (Met), Cistina
(Cis), homocisteina e taurina, no entanto, somente as duas primeiras sao
incorporadas as proteinas e o atendimento dos requisitos nutricionais de
aminoacidos sulfurados € representado pela (Met:Cis) e tem em sua estrutura
guimica o elemento enxofre, sendo esse, o responsavel por diferencia-los dos
demais aminoacidos envolvidos na sintese de proteina animal.

A metionina € o aminoacido essencial que aparece como 0 primeiro
limitante exigido pelas aves e atua na biossintese de outras substancias tais
como: melatonina, creatina, epinefrina, colina, poliaminas e carnitina, além de

desempenhar uma importante fungdo como doador de grupos metil (Baker,
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1994; Rademacher, 2001). A cistina € um aminoacido sulfurado, resultante da
transsulfuracdo da metionina e mediado pela da oxidacdo da cisteina. A Cis é
classificada como um aminoacido condicionalmente essencial, porém,
fundamental no desenvolvimento das penas e tecidos queratina das aves
(Stilborn et al. 1997).

A exigéncia da metionina digestivel em decorréncia da idade é reduzida e
tende a ter um comportamento linear decrescente (Fisher et al. 1981 e Stilborn,
1997). Por outro lado, a exigéncia da cistina é crescente com a idade, sendo
maior em torno de 20 a 30 dias, justificado pela sintese de queratina na
substituicdo de penugem por penas (Mitchell, 1964).

A cistina é o produto de oxidac&o da cisteina e encontrado em diversas
proteinas estruturais, principalmente em penas, mas também em enzinas
digestiveis (Champe et al. 2006). O metabolismo dos aminoacidos sulfurados é
complexo, sendo o figado o principal érgdo para sua metabolizacdo. O
metabolismo dos AAS envolve diversos compostos biologicos (figura 1) e
reagOes de transulfuragéo, transmetilagédo e remetilagéo (Oliveira Neto, 2014).
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Figura 1: Metabolismo da Metionina, modificada de Haynes, 2002

Caso nao ocorra a necessidade da metionina ser convertida a

homocisteina pode ser transformada a serina via dependente da vitamina B6 e
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produzir a cistationa por meio da via de transsulfuracdo, formando a cisteina e
a- cetobutirato. A molécula de cisteina € muito instavel e pode ser facilmente
oxidada no seu dimero, a cisteina forma ligagGes dissulfeto com outra molécula
de cisteina para formacao de uma Cistina (Lehninger e Nelson, 2011).

Pouco se sabe sobre a proporgéo ideal de Met:Cis em relagdo aos
aminoéacidos sulfurados (SAA) para frangos de corte e especialmente com
relacdo a dietas com baixo teor de PB, consequentemente a Met pode ser
fornecida em excesso para favorecer promover a sintese de Cis, para atender a
exigéncia de ambos os aminoacidos. Desta forma, esta suposicdo poderia
induzir reducdo na eficiéncia com que a Met é utilizada diretamente pelo
organismo (Pacheco et al. 2018).

Rodrigues et al. (2014) as exigéncias em aminoacidos sulfurados em
dietas de frangos de corte apresentam resultados contraditorios, sendo
justificado na maioria das vezes ao uso de ra¢fes, com reducao ou nao ao nivel
de proteina bruta, assim como a associacdo da suplementacao de DL-metionina
e/ou cistina como fonte de aminoé&cidos sulfurados. No estudo realizado por
Pacheco et al. (2018), os resultados sugeriram que a proporcéo ideal de
metionina para cistina (52:48) para maxima performance e que a partir deste
ponto a conversdo de metionina para cistina é priorizada via transsulfuracéo.

O fornecimento de ragOes para frangos de corte suplementadas com L-
cistina pode poupar a utilizagdo de Met, e pode aumentar sua disponibilidade no
organismo para outras fungdes metabdlicas, incluindo a deposicédo de proteina
corporal (Pacheco et al. 2018). Lewis (2003), também relata que a adi¢édo de Cis
pode melhorar o aproveitamento do Met para a deposi¢cdo muscular.

Diante do exposto, determinar a relagdo Gtima entre metionina e cistina
no requerimento de aminoacidos sulfurados totais em dietas com reducéo de

proteina bruta se torna necessario para melhorar a deposicao proteica.
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Capitulo 2: Optimal ratio of methionine and cystine for performance and
nitrogen balance in growing chickens fed low protein diet
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Optimal ratio of methionine and cystine for performance and nitrogen

balance in growing chickens fed low protein diet

ABSTRACT - The objective of the study was to determine the optimal ratio
of methionine (Met) and cystine (Cys) in the requirement of sulfur amino acids in
diets with reduced crude protein. Two trials were carried out, in the trial 1 were
used 1200 broiler chicks 14 to 28-old-days with a randomly distributed in 60 pens,
grouping 20 birds per pen. The treatments result from a factorial arrangement of
two protein levels (21.5 and 19.5%) and five Met/SAA levels (42, 46, 50, 54, and
58), totaling ten treatments with six replicated per each. All experimental diets
were formulated to meet or exceed the nutritional recommendation (Cobb
Vantress, 2018), except for digestible sulfur amino acids (0.62% SID Met+Cys).
Trial 2 was used with 36 birds selected. The birds were randomly distributed in
six treatments with three replications and individually allocated in metabolic
cages to perform the metabolic trail. Supplied the experimental diets from 14 to
28-old-days. The treatments resulted from the factorial arrangement of two levels
of protein (21.5 and 19.5%) and three Met/SAA (42, 50, and 58). Experimental
diets were the same used in the performance trial. The statistical analyses were
performed as two-way ANOVA, The main and interaction effect was compared
by Tukey test. All statistical procedures were performed using the PROC GLM
and PROC NLIN. Met:Cys/SAA (P<0.05) was shown a significative effect for the
BWG. The FI and FCR were significantly affected by interaction (P<0.05). The
broken point described the optimum level, where it was revealed that for the
21.5% CP, the BWG was earlier reached (51 Met/SAA) than 19.5%CP that
reached 53 Met/SAA. The broken point FCR described the optimum level of to
51 Met/SAA, whereas for the higher CP, was of at 53 Met/SAA rate. The CP level
affected significatively on the Nin, Nout and kN, where a reduction in the CP
released in lower Nin (P<0.05) and consequently on the Nout (P<0.05),
nonetheless resulted in an improvement on the kN (P<0.05). Moreover, the CP
level did not affect the NR (P>0.05). A CP reduction could be a recommendable
tool to reduce the nitrogen excretion without a negative effect on the performance,
obtaining a better result with 51:49/SAA improving the FCR when CP-reduced
diets are used.

Keywords: Cystine, Methionine, Sulfur amino acids, nitrogen excretion, protein
reduction
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INTRODUCTION

Protein is one of the main components in feed formulation that need
attention, especially from economic and sustainable aspects. Soybean meal is
the main protein source in around 90% of poultry diets (Vieira et al., 2014) and
can make the feed formulation more expensive (Baker, 2009). Therefore, it has
been advantageous for nutritionists to reduce the dietary crude protein (CP) by
increasing the crystalline amino acid utilization to reduce feed formulation cost
and reducing nitrogen excretion due to diets precisely meeting the animal
requirement (Dersjant and Peisker 2011). To apply protein reduction
successfully, nutritionists must be careful that amino acids and other nutrients are
not limiting so that the performance of birds is not negatively affected. According
to the study (W. Lambert et al., 2023), reducing dietary CP by up to 3% points
and maintaining crystalline amino acid levels adequately supplied from the diet
resulted in similar or better production performance from 10 to 30 days for weight
gain, feed intake, feed conversion (FC) and carcass traits, reduced daily water
intake and reduced water intake, feed rate, excreted N and moisture, plus

reduced litter wetting and injury pedals.

The diets based on corn-soybean meal tend to present a deficiency in
sulfur amino acids (SAA) (Ahmed and Abbas 2011, Goulart et al. 2011, Faridi et
al. 2016). SAA is essential for maintenance and tissue deposition. In birds, it is
necessary for feather growth. According to Williams (1997), around 80% of SAA
is supplied by vegetal sources, and the other 20% is from crystalline methionine
that is required their supplementation in poultry feeds. Methionine is an essential
amino acid crucial to start protein synthesis and is mainly found in lean tissue
(Sell et al.,, 1980). Meanwhile, cystine could be considered a conditionally
essential amino acid since it is biosynthesized from methionine (Klasing, 1998,
Lehninger, 2011). Cystine is an important component of numerous tissues, such
as cartilage and keratinized tissues. Also, in birds, it is the principal amino acid of
feathers. Thus, during the feather growth or renovation, the cystine requirement
is high, potentially resulting in a higher conversion of methionine via the
transsulfuration pathway to fulfilling its requirement (Klasing, 1998). Therefore, it

has been assumed in poultry diets that the SAA requirement is met by the sum
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of dietary methionine and cystine, and methionine would be sufficient to fulfill the

requirement of cystine as well.

In diets with high or normal protein content, the non-essential amino acids
can be synthesized from essential amino acids (AAE) (Aftab et al., 2006).
Assuming that non-essential amino acid reduction may be a limiting factor in low-
protein diets, research has been carried out to study the effects of reducing crude
protein in the feed associated with simultaneous supplementation of both
essential and non-essential amino acids. (Kerr & Kidd, 1999; Waldroup et al.,
2005). Currently, on a commercial scale, the production of the amino acid L-
cystine is low, making it difficult to use it in practice. However, reducing the protein
and meeting the total sulfur amino acids requirement is possible by
supplementing crystalline methionine since it is transsulfur to cystine and other
intermediates metabolites. In addition to the possibility of using ingredients that

contain a high percentage of cystine.

Doses-responses to determine SAA requirement apply gradual methionine
supplementation, disregarding the dietary cystine content or the methionine-
cystine ratio (Met:Cys) in each SAA level. Therefore, understanding the metabolic
pathway of methionine and considering the cystine requirement make it possible
to improve the recommendation for SAA further (Kalinowski et al., 2003).
Additionally, higher values of dietary cystine, being above half of SAA, could
affect nitrogen retention with negative results on bird’s performance (Muramatsu
and Okumura, 1979; Webel and Baker, 1999). Some recommendations were
proposed about Met/SAA for growing broilers, with a major proportion of
methionine being around 53-52% Met/SAA (Baker et al., 1996 and Pacheco et
al., 2018), and 55% Met/SAA (Rostagno et al., 2017).

We suspect that with CP reduction and fixing the SAA level, after digestible
methionine requirements are satisfied, the sulfur group of methionine above
requirement will be efficiently transferred for cystine biosynthesis, improving the
nitrogen retention and the bird's performance. In this way, this study aimed to
evaluate the effect of Met:Cys to determine the optimum SAA ratio on CP

reduction diets.
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MATERIALS AND METHODS

Ethical implications

This experiment was conducted in the Poultry Science Laboratory at the
School of Agricultural and Veterinarian Science of the Sao Paulo State University
(Unesp). The Ethical Committee of Animal Use (CEUA) approved all procedures

and management under protocol n. 2053/21.
Birds and management

A total of 1380 hatched Cobb 500 male broiler chickens were obtained
from a local hatchery and allocated in a poultry house with an environmentally
controlled system. The birds were reared in floor pens (1.4 x 3.0 m) under
temperature control conditions and managed according to the breed guidelines
(Cobb Vantress, 2018). The poultry house was equipped with nipple drinkers and
one tubular feeder per pen. The light program was set to provide 18L:6D during

the all-rearing period.

During the pre-experimental period (1-13-day-old), all birds were fed with
a single diet formulated to attend the nutritional recommendation of Rostagno et

al. (2017), and water and mash-type feed was ad libitum.
Experimental design in the performance trial

At 14-day-old, 1200 broiler chicks with a similar body weight of
0.651+0.005 kg were selected from the initial group and randomly distributed in
60 pens, with 20 birds per pen. The treatments were distributed in a completely
randomized design and consisted of two protein levels (21.5 and 19.5%), and five
Met:Cys ratios (42:58, 46:54, 50:50, 54:46, and 58:42), totaling ten treatments
with six replicated per treatment. All experimental diets were formulated to meet
or exceed the nutritional recommendation (Cobb Vantress, 2018), except for
digestible sulfur amino acids (0.62% SID Met+Cys), which were marginally
reduced (about 0.21% less SID Met+Cys). This reduction guaranteed that the
SAA was the first limiting nutrient in all experimental diets and that the response
should be based on this nutrient. The different ratios of methionine and cystine
for each treatment were obtained by supplying DL-methionine and L-Cystine
according to the proposed treatments (Table 1).
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Feed weight and body weight (BW) at the beginning of the experiment (14
-day-old) and the end of the experimental period (28-day-old) were recorded to
calculate body weight gain (BWG) and feed intake (FI) for the period. Mortality
was recorded daily to correct FI and feed conversion ratio (FCR).

Experimental design in the nitrogen balance trial

The nitrogen balance study was conducted in parallel using 36 birds Cobb
500 selected at the nine-day-old and individually allocated in metabolic cages (50
x 50 x 50 cm). The birds were adapted for five days (from nine to 13-old-days)
and supplied the experimental diets from 14 to 28-old-days. The treatments were
distributed in a completely randomized design consisting of two levels of protein
(21.5 and 19.5%) and three Met:Cys ratios (42:58, 50:50, and 58:42), totaling six
treatments with six replications. The composition of the experimental diets was

the same as that used in the performance trial (Table 1).

During the experimental period, excreta were collected and weighed daily
and stored at -4°C in plastic bags. The excreta produced during the period and
homogenized and dried in a hot airflow oven at 50°C for 72 h. The dried samples
of diets and excreta were sub-sampled and ground for laboratory analyses. The
dry matter content was determined in a drying oven at 105°C for six hours.
Following to the AOAC method (992.23), and the nitrogen content was
determined by the Kjeldahl method.

The nitrogen balance was calculated:
NR = Nj, — Noye

Nin = FI X Neeq
Nout = EXC X Nexc

. NR

N Nin
Where Nin (g/b.d) is the nitrogen intake, Nteed and Nexc (%) are the nitrogen content
on the feed and excreta, respectively; Nout (g/b.d) is the excreted nitrogen, Exc
(g/b.d) is the excreta production, NR (g/b.d) is the nitrogen retention, and kn is

the efficiency of nitrogen utilization.
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Statistical analyses

The statistical analyses were performed as two-way ANOVA, considering
the protein level and Met:Cys ratios as variability factors for performance
responses (2x5) and nitrogen balance (2x3) trials. The interaction and main effect

were compared by Tukey test.

A segmented model (quadratic broken-line) was performed in function of
the Met/SAA (from the analyzed SID of Met and SAA values) to determine the
optimum ratio between sulfur amino acids. The model used the following
structure:

Y=?A4H(R—ma x <R
L, x =R
Where Y is the response (BWG or FCR), x is the Met/SAA, L is the plateau value,
U is the slope below point R, and R is the optimum level of Met/SAA at the
breaking point. Additionally, the parameters of both protein levels (21.5 vs. 19.5)
were pair-compared through T-test.

All statistical procedures were performed using the PROC GLM (analyses
of variance) and PROC NLIN (non-linear regression analyses) procedures of
SAS software (Statistical Analyses System Studio Environment, ODA

version, 2022), considering a significative difference of P<0.05.

RESULTS

Performance responses

The performance results of BWG, FCR, and FI are reported in table 2. No
significant interaction was observed between protein level and ratio for BWG
(P=0.08), but there were interactions when FCR and FIl were evaluated (P<0.05).
Considering BWG, there is only a significant effect of Met:Cys/SAA (P<0.05) but
no impact of CP reduction (P=0.122).

Broiler chickens fed diets that contained up to 50:50/SAA ratios had
compromised body weight gain compared to diets with 54:46 ratio (P<0.05).
Additionally, the weight was compromised when supplemented with the
42:58/SAA ratio. Also, lower crude protein and lower SAA ratio (42:58/SAA) diets
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impact the FCR (P<0.05). Meanwhile, diets with 21.5% CP supplemented with
SAA had 46:54, 50:50, and 54:46 ratios that were not affected (P>0.05). That
demonstrated the ratios containing the highest cystine and methionine (42:58;
58:42), respectively. On the other hand, a difference (P<0.05) in the FI was
observed when broilers were fed the lowest methionine ratio (42:58). The group
with the highest PB level had a reduction in feed intake. The other relationships
(46:54; 50:50; 54.46; 58:42) did not differ, regardless of the level of protein used.

Optimum Met:Cys/SAA for the CP levels

The Met:Cys/SAA optimum ratio was determined by fitting a quadratic
broken-line model using BWG and FCR responses in the function of
Met:Cys/SAA (analyzed composition in diet - AMINODat 6.0). The regression was
performed for each CP level, being significantly fit (P<0.01), as shown in Figure
1. The broken point described the optimum level, where it was revealed that for
the 21.5% CP, the BWG was earlier reached (50.7:49.3/SAA) than 19.5%CP that
reached (53.2:46.8/SAA). Additionally, the increasing rate of BWG (around
0.001) before the broken point was similar to both CP levels (around 0.001).
Furthermore, the plateau was reached at 50.7:49.3/SAA with a 1335 g BWG for
21% CP, and for the level of 19.5% CP it was reached at 53.2:46.8/SAA,
obtaining 1315 g BWG. On the other hand, the FCR was decreased in order to
Met/SAA increasing for both CP levels. Similar to BWG, the rate of decrease
(around 0.001) was identical for both CP levels. Meanwhile, for the reduced CP,
the plateau of FCR was reached with a value of 1.55, corresponding to 51.1
:48.9/SAA, whereas for the higher CP, the plateau was of 1.51 reached at
53.1:46.9/SAA rate.

Nitrogen balance

The results of the nitrogen balance trial are shown in table 3. It was
observed that CP level affected Nin, Nout, and kn, where a reduction in the CP
resulted in lower Nin (P<0.05) and consequently on the Nout (P<0.05),
nonetheless resulted in an improvement in the kn (P<0.05). Moreover, the CP
level did not affect the NR (P>0.05). On the other hand, the NR and kN were
significantly affected by the ratio, where a lower ratio 42:58/SAA evidenced a
lower NR, with no showing difference between 50:50/SAA and 58:42/SAA
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(P<0.05). A different result was shown for kn, where the highest ratio 58:42/SAA
presented a better efficiency. No interaction between CP and Met:Cys/SAA was

demonstrated for NR and nitrogen utilization efficiency.

DISCUSSION

The dose-response approach is used to determine the SAA requirement,
mainly by supplementing DL-methionine. This procedure has a practical
implication since this amino acid is commercially available. However, the
digestible fraction of methionine is converted into cystine through transsulfuration
pathway (Oliveira Neto, 2014). Therefore, the SAA requirement determination
could be affected depending on the digestible methionine and cystine ratio.
According to NRC (1994), the digestible SAA requirement for growing chickens
between 3 to 6-old-wks is around 0.72%, Rostagno et al. (2017) recommend
0.94%, and Cobb Vantress (2018) recommended 0.83% of SID Met+Cys. The
trial was conducted by reducing the digestible SAA in all treatments to guarantee
the limitation of this nutrient. However, it did not affect the performance during the
experimental period compared to the Cobb 500 manual (2018). Millecam et al.
(2021) conducted a study with a lower level of SAA (0.66% SAA), obtaining a
more significant gain in body weight and a lower feed conversion in growing

chickens.

We found that CP reduction did not affect the BWG but decreased the FI
and FCR. Also, the CP reduction affected FCR just when birds were fed with a
significant reduction on Met/SAA, but the performance for 54;46/SAA was similar
to the normal CP level. Baker et al. (1996) published a work exploring the SAA
ratios. They evaluated diets based on corn and peanut meal without crystalline
amino acid supplementation, obtaining a better response for BWG and FCR with
56 Met/SAA, and negatively affecting with a lower 41.5 Met/SAA. This report calls
attention to the changes in the Met:Cys/SAA ratio using ingredients with high
cystine. Although L-cystine is not commercially available, manipulation can be
done using ingredients with a high cystine content, such as a peanut meal
containing around 0.47% SID cystine, which we included in our study to turn
feasible the Met/Cys manipulation. Other ingredients with higher cystine levels
can be used as wheat gluten (1.52% SID Cys), feather meal (1.78-2.17% SID
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Cys), canola (0.72% SID Cys ), cotton seed (0.54 SID Cys, and some alges
(spirulina platensis 1.02% SID Cys).

Other recent studies obtained the same results as our study, where
Agostini et al. (2016), evaluated the Met/SAA by increasing supplementation of
DL-methionine (47, 52, 57, 61, and 66 Met/SAA) in diets for growing chickens
(10-28-old-days). These authors observed an increasing quadratic response in
BWG and FI with increased Met/SAA and improved FCR, obtaining a better
performance with 52 Met/SAA. Additionally, Pacheco et al. (2018), evaluated
different SAA ratios in the same ages as our study, in which DL-methionine and
L-cystine were supplemented, obtaining five different proportions from 44 to 56
Met/SAA, showing that a lower Met/SAA ratio affected BWG and FCR and the
better responses were for 52 Met/SAA. Based on these results, it should be
inferred that independent of the digestible SAA sources (from the ingredient or
crystalline) and for two different levels of PB growing birds, the Met/SAA variation
expresses the same behavior on the performance, showing improvements when

methionine is increased in the SAA.

Another aspect interesting to observe is the birds, especially during the
feather growth stage, which could influence the adequacy of Met:Cys/SAA.
Lopez-Coelho (2013) mentioned that during the transition from plumage to
feathers, there is a possibility that cystine requirement increases, which could
affect the optimum Met:Cys/SAA ratio compared to other older feathered birds.
That is because the protein in feathers has a large SAA content, around twice
that of body protein (Nir, 1994).

Among the amino acids that make up the feathers, the sulfur amino acids,
methionine and cystine, are the most required for broilers during feather growth
(Macari et al., 2017). According to Leeson and Summers, (2008) 25% of cystine
and 2% of dietary methionine are used exclusively for the synthesis of keratin.
Furthermore, it is worth noting that cystine participates directly in this process
while methionine acts in the conversion to cystine (Moran et al., 1966). Ferket et.
al., (1997) observed that the amino acid profile of feathers changes during bird
growth. Even with the implications of a possible increase in cystine requirements
in the growth and renovation of feathers, this is not significantly observed in the

changes of the SAA ratio. A possible explanation would be that L-cystine is



37

rapidly absorbed in the intestine, and its sulfhydryl group can easily bind to

plasma proteins, preventing its metabolic use as a cystine molecule itself.

Conde et al., (2013) Used the Ross broiler strain to evaluate a diet 22%
deficient in sulfur amino acids and another diet containing 13% excess compared
to the strain manual and observed that the amino acid deficient diets had greater
methionine retention. In relation to excessive diet (71 and 51%) respectively,
containing greater retention in the carcass. When cystine retention was
calculated for both diets, no marked difference was observed in retention, with
80% diets with deficiency and 82% diets with excess sulfur amino acids, being
retained in greater proportion in feathers. Corroborated by Pacheco et al. (2018),
observed a higher cystine retention than methionine in feathers. Meanwhile, the
metabolic participation of methionine is major as an initiator of protein synthesis,
donor of the methyl group and precursor of other metabolites or cystine itself. can
be justified, with the Relationship between the synthesis of Ser and the
metabolism of Met in conditions of low availability in methyl groups, in particular
with a negative correlation between the synthesis of Ser and the remethylation of
homocysteine to form Met, being able to have the increase of Ser synthesis may
reflect an adaptation of methyl metabolism (Cuskelly et al., 2001; Pillai et al.,
2006, Conde Aguilera et al., 2010).

According to Gordon and Sizer (1995), excess methionine
supplementation in diets with lower cystine content does not completely satisfy
the SAA requirement of the fast-growth strain of broiler chickens. Meanwhile,
Conde et al. (2013), demonstrated that methionine deficiency results in lower Fl.
Pacheco et al. (2018), evidenced that the methionine to cystine conversion

occurs as a metabolic priority independent of L-cystine supplementation.

One of the first to study this topic, Graber et al. (1971), mentioned that
although methionine and cystine correspond to SAA, they should be treated
separately. Meanwhile, the metabolic relationship between both makes it
impossible to determine the requirements for each one, and if together, consider
the fractions based on SAA (Pacheco et al., 2018).

Increasing the methionine fraction of SAA improves BWG up to 54 of the
Met/SAA level. When the ratio values are close to those recommended by (Baker
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et al., 1996, Rostagno et al., 2017 and Pacheco et al., 2018) no difference was
observed in FCR regardless of the level of protein used. The same happens with
FI, when the lowest ratio (42:58) was observed, differences (P<0.05) were
observed, with a decrease in consumption occurring when birds were fed with a
high PB content. Resulting more efficient when methionine is above 50 in the ratio

for better efficiency.

It was indicated by the lower nitrogen utilization when birds are fed with
21.5% of CP is related to the digestible protein profile and an excess of nitrogen
above the bird's requirement that should be excreted. These results support the
theory that it is essential to maintain the SAA equilibrium to improve the metabolic
and physiological utilization in growing chickens in diets with CP reduction, which

could enhance nitrogen utilization and reduce their excretion.

These results could be explained by the nitrogen utilization, where CP
reduction decreases nitrogen excretion but improves the utilization efficiency,
resulting in the same BWG. Result demonstrated by Belloir et al., (2017)
corroborates with our results, where the nitrogen retention efficiency increased
from +3.2% to +3.6%/percentage point of CP when the CP content of the diet
was reduced. Nitrogen excretion per kg BW gain decreased with decreasing CP
content, from 2.1 to 2.9 g/kg BW gain/CP percentage point. The authors
evaluated the composition of the excreta and demonstrated a decrease in
nitrogen and the moisture content decreased slightly when the CP content of the
diet was reduced. Other authors highlighted that higher dietary CP increase
nitrogen excretion requiring more energy for nitrogen metabolism and principally
for the metabolization and transport of excreted nitrogen wasted, worsening on
the birds' performance (Cauwenberghe & Burnham 2001; Vasconcellos et al.,
2011).

We found that the Met:Cys/SAA ratio influenced the nitrogen balance
parameters of NR and KN where a lower SAA ratio impairs retention. Meanwhile,
a higher proportion improves efficiency, It can be explained by Belloir et al.,
(2017) that an adequate AA profile in the diets does not affect the performance
parameters of the birds. Another explanation that better utilization efficiency is
linked with low protein diets is that, with reduced need for N excretion due to

better N utilization, considerably less Gly would be required for uric acid
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formation. In addition, the broilers used in our study may have been more
efficient, due to genetic selection for feed efficiency over a decade (Siegert et al.,
2015; Lemme et al., 2017).

The values analyzed in our study for nitrogen use efficiency are high when
compared to other studies in the literature. However, the work by Ullrich et al
(2018) reported that for the birds not to have their performance compressed with
the reduction of crude protein that the optimal efficiency of N is 70%. Hilliar et al
(2017) reported that it is possible to reach a N utilization of 72%, being possible
to increase this N utilization when the dietary protein is even lower. According to
Lemme et al., (2019) these results demonstrate that not only is the genetic
potential of modern broilers to deposit nitrogen very high, but also that it can also
be used on a large scale under well-controlled conditions.

Pacheco et al. (2018) using lable isotopes for both sulfur amino acids,
found that when methionine is a smaller fraction of SAA, affects the protein
synthesis and, consequently, the lean tissue deposition since the methionine
prioritized the biosynthesis of cystine and their precursors. This was
demonstrated by the higher recovery of methionine in the carcass for diets with
Met/SAA above 50. In the same way, the cystine recuperation increased only up
to 50 Met/SAA. In contrast, before this ratio, it was no longer stored on the

feathers, explaining why utilization efficiency is superior for 58 Met/SAA.

No interaction of CP and Met/SAA was found for the nitrogen balance,
even though it was evidenced in the performance response. Based on these
results, a CP reduction does not affect the performance or reduce the nitrogen
excretion, taking into consideration the Met:Cys/SAA, with a major fraction of

methionine.

CONCLUSION
A CP reduction could be a recommendable tool to reduce the nitrogen

excretion without a negative effect on the performance since Met:Cys/SAA is
considered; 51:49/SAA improved the FCR when CP was reduced to 19,5%.
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Table 1. Ingredients and nutritional composition of the experimental diets
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Dietary crude protein (%CP) / Met.Cys/SAA

Ingredients, g/kg 215 215 215 215 215 19.5 19.5 19.5 19.5 19.5
' 42:58 46:54 50:50 54:46 58:42 42:58 46:54 50:50 54:46 58:42
Corn (7.86%) 530.00 531.00 529.00 529.00 529.00 630.00 627.00 629.00 628.00 627.00
Soybean meal (45%) 218.00 221.00 217.00 217.00 217.00 279.00 260.00 267.00 266.00 261.00
Peanuts meal (40.75%) 157.00 153.00 158.00 158.00 158.00 153.00 38.00 30.00 32.00 37.00
oil 54.00 54.00 54.00 54.00 54.00 32.00 33.00 32.00 32.00 33.00
Dicalcium Phosphate 18.00 19.00 18.00 18.00 18.00 19.00 19.00 19.00 19.00 19.00
Limestone 7.90 7.90 7.90 7.90 7.90 7.80 7.80 7.80 7.80 7.80
Salt 1.90 2.00 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90
Sodium bicarbonate 2.40 2.40 2.40 2.40 2.40 2.60 2.60 2.60 2.60 2.60
Vitamin and Mineral premix?! 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60 1.60
DL-Methionine (98%) 0.20 0.50 0.70 0.90 0.20 0.50 0.70 0.90
L- Lysine (99%) 3.80 3.70 3.80 3.80 3.80 3.60 3.80 3.70 3.70 3.80
L-Threonine (98%) 1.30 1.30 1.30 1.30 1.30 1.40 1.50 1.40 1.40 1.50
L-Valine (99%) 0.60 0.60 0.60 0.60 0.60 1.10 1.20 1.10 1.10 1.20
L- Cystine (100%) 0.90 0.70 0.50 0.20 0.90 0.70 0.50 0.20
L- Isoleucine (100%) 0.20 0.30 0.30 0.30 0.30
Choline chloride (60%) 1.60 1.50 1.60 1.60 1.60 1.10 1.20 1.10 1.10 1.20
Mycotoxin adsorbent 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Nutritional composition (calculated and analyzed)
Metabolizavel energy (Mcal/kg) 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08
Crude protein (%) 21.5 21.5 215 215 215 19.5 19.5 19.5 19.5 19.5
SID Met+Cys x (%) 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62
SID Methionine (%) 0.26 0.29 0.31 0.33 0.36 0.26 0.29 0.31 0.33 0.36
SID Cystine (%) 0.36 0.33 0.31 0.29 0.26 0.36 0.33 0.31 0.29 0.26
SID Lysine (%) 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12 1.12
SID Threonine (%) 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
SID Valine (%) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
SID Isoleucine (%) 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Crude protein (%) — Analyzed (22.3) (22.8) (22) (22.2) (22.3) (19.7) (19.5) (19.9) (19.7) (20)
SID Met+Cys (%) — Analyzed (0.62) (0.62) (0.62) (0.61) (0.60) (0.60) (0.59) (0.60) (0.60) (0.59)
SID Methionine (%) — Analyzed (0.25) (0.27) (0.29) (0.32) (0.33) (0.24) (0.26) (0.29) (0.31) (0.32)
SID Cystine (%) — Analyzed (0.37) (0.34) (0.32) (0.29) (0.27) (0.36) (0.33) (0.32) (0.29) (0.27)
SID Met:Cys calculated from analyzed values (40:60) (44:56) (47:53) (51:49) (54:46) (40:60) (44:56) (48:52) (51:49) (55:45)
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1 Content (per kg of diet) — vit. A = 10,575 UI; vit. D3 = 2554 Ul; vit. K = 1.8 mg; vit. E = 14.87 mg; vit. B1 = 2.00 mg; vit. B2 = 4.5 mg; vit. B6 = 2.50 mg; vit. B12
= 2.00 mg; niacin = 30.00 mg; folic acid = 0.75 mg; calcium pantothenate = 11.74 mg; biotin = 0.01; iron = 43.44 mg; zinc = 43.35 mg; copper = 8.56 mg;
manganese = 56.00 mg; iodine = 0,56 mg; selenium = 0,34 mg; antioxidant 4.20 mg; Salinomycin sodium 12%; Butil hidroxy toluene BHT; adsorbente 0.001%.

Values in parentheses indicate analyzed dietary concentration of the amino acids (AMINODat 6.0).
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Table 2. Effect of performance response of body weight gain (BWG), feed
intake (FI), and feed conversion rate (FCR) in broiler chickens fed with different

protein levels and Met:Cys/SAA ratio from 14 to 28-day-old.

Protein Met:Cys/SAA BWG (g/b.d) FCR (g:9) FI (g/b.d)
42:58 1075 1.678 1796 ¢
46:54 1241 1.58 cb 1964 BC
21.50 50:50 1297 1.55 DE 2005 AB
54:46 1338 1.53 EF 2043 AB
58:42 1357 1.49F 2011 AB
42:58 1108 1.734A 19120
46:54 1230 1.61°¢ 1976 ABC
19.50 50:50 1259 1.58 cb 1989 ABC
54:46 1327 1.53 EF 2031 AB
58:42 1301 1.57 CDE 2050 A
SEM 0.013 0.009 0.011
Main factors effect
Protein 21.50 1262 1.56°0 1964 b
19.50 1247 1.602 1992 2
42:58 1092 b 1.70A 1854 ¢
46:54 1236 ¢ 1598 19708
Met:Cys/SAA 50:50 12788 1.56¢ 1997 AB
54.:46 13334 153D 2037 A
58:42 1333 A 1.53P 2031 A
Probability
Protein 0.122 <0.001 0.018
Met:Cys/SAA <0.001 <0.001 <0.001
Interaction 0.08 0.014 0.004

a, b, c, d, A, B, C, D Different letters on the same column represent statistical difference for

Tukey test with 95% confidence interval. SEM: standard error of the mean.

Table 4. Nitrogen balance parameters of nitrogen intake (Nin),
excretion (Nout), retention (NR) and efficiency of nitrogen
utilization (kN) of broiler chickens from 14 to 28-day-old subject
to two levels of protein and Met:Cys/SAA ratio.

Protein Met:Cys/SAA Nin Nout NR kn
42:58 5.61 1.9 3.71 0.661
21.50 50:50 5.92 1.89 4.03 0.680
58:41 6.12 1.75 4.37 0.714
42:58 5.07 1.58 3.49 0.690
19.50 50:50 5.59 1.62 3.99 0.712
58:42 5.61 1.48 4,13 0.737
SEM 0.104 0.046 0.078 0.005
Main factors effect
Protein 21.50 5.892 1.842 4.04 0.685 7P
19.50 5.42b 1.56° 3.87 0.713 2
42:58 5.34 1.74 3.606B 0.676 B
Met:Cys/SAA 50:50 5.76 1.76 4,014 0.696 B
58:42 5.87 1.62 4.25A 0.725 A
Probability
Protein 0.021 0.001 0.215 <0.001
Met:Cys/SAA 0.075 0.321 0.001 <0.001
Interaction 0.884 0.961 0.796 0.852

a,b, A, B Different letters on the same column represent statistical difference
for Tukey test with 95% confidence interval. SEM: standard error of the mean.
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Figure 1. Quadratic broken line model fit to A. body weight gain (BWG)
and B. feed conversion ratio (FCR) in the function of Met/SAA ratio for
21.5% of protein (continuous line) and 19.5% (dash line). The fit of
each non-linear regression was significant (P<0.05). SE is the
standard error for each estimated parameter, RZadjis the adjusted R-
square and RSEM is the root mean square error.

(Eq. 21.5% CP BWG) Y= 1,34 % 0,01 — 0,002 + 0,0006*(51 + 1,38 -
Met/SAA)*2: R2adj = 0,85; RSEM = 0,045

(Eq. 19.5% CP BWG) Y=1,31 +£ 0,01 - 0,001 + 0,001*(53 + 2,43 -
Met/SAA)"2; R2adj = 0,78, RSEM = 0,043

(Eq. 21.5% CP FCR) Y=1,51 £ 0,01 + 0,0009 £ 0,0003*(53 + 2,24 -
Met/SAA)"2; R2adj= 0,79; RSEM = 0,023

(EQ. 19.5% CP FCR) Y= 1,55 + 0,008 + 0,001 + 0,0004*(51 * 1,63 -
Met/SAA)*2; R2adj = 0,83; RSEM = 0,022



