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EXIGENCIA DE METIONINA + CISTINA PARA POEDEIRAS COMERCIAIS SEMI
PESADAS

RESUMO - A metionina é considerada o primeiro aminodcido essencial
limitante nas dietas formuladas a base de milho e farelo de soja para aves de postura.
Ela atua na sintese de proteinas, no sistema imunoldgico, nas reacées metabdlicas,
no desempenho e empenamento das aves por meio da sintese de colina, betaina
creatina, carnitina, atuando, ainda, como regulador de divisdo celular. A cistina &
importante para a formacédo da pele e penas, estimula o sistema hematopoiético,
promove a formacdo de glébulos brancos e vermelhos além de contribui para o
processo de cicatrizacao. O presente trabalho visa determinar as recomendacdes de
metionina + cistina para galinhas poedeiras. Para isso, foi realizado um ensaio com
150 galinhas poedeiras da linhagem Hy-line Brown com duracdo de 10 semanas. O
delineamento utilizado foi inteiramente casualizado, com 15 tratamentos e 10
repetices de uma ave cada. Os tratamentos consistiram em sete niveis de metionina
+ cistina digestivel 4,15; 4,47; 5.39; 6.01; 6,63; 7,25 e 8,06 g/kg. Portanto, as variaveis
analisadas foram EW (g), EP (%), Fl (g/ave-d), PC (g), conversao alimentar por
producdo de ovos (FCR, g/g), corrigida para mortalidade, producédo de ovos (EO,
g/ave-d), ingestdo de metionina+cistina (mg/ave-d) e deposi¢gao de metionina+cistina
no ovo (mg/ave-d), eficiéncia de utilizacdo e manutengéo. As variaveis coletadas para
a qualidade do ovo foram peso da gema (g), peso da casca (g) e altura do albumen
(mm). Esses dados foram coletados na terceira, sexta e décima semana do
experimento, dois dias por semana. Quando o efeito dos niveis de metionina+cistina
(P = 0,05) foi detectado, os modelos linear-platdé (BL), quadratico-platd (BLq) e o
primeiro intercepto foram ajustados para determinar a ingestdo ideal de
metionina+cistina. O valor calculado da primeira intersecc¢ao de BLq no platdé da BL foi
de 596,9 mg/ave por dia, considerado o nivel étimo de ingestdo de metionina+cistina
para producao de ovos em poedeiras Hy-line Brown.

Palavras-chave: Metionina+cistina; galinha poedeira; aminoacidos; producdao de
ovos; broken line linear-quadratic-plato.



METHIONINE + CYSTINE REQUIREMENT FOR COMMERCIAL LAYING HENS

ABSTRACT - Methionine is considered the first limiting essential amino acid in
diets based on corn and soybean meal for laying hens. It acts on protein synthesis, the
immune system, metabolic reactions, performance and feathering of birds through the
synthesis of choline, betaine, creatine, carnitine, and acts as a cell division regulator.
Cystine is important for the formation of skin and feathers, stimulates the hematopoietic
system, promotes the formation of white and red blood cells, and contributes to the
healing process. The present work aims determine the recommendations of
methionine + cystine for laying hens. For that, an assay was carried out with 150 laying
hens of the Hy-line Brown strain with a duration of 10 weeks. The design used was
completely randomized, with 15 treatments and 10 repetitions of one bird each.
Treatments consisted of seven levels of methionine + digestible cystine 4.15; 4.47,;
5.39; 6.01; 6.63; 7.25 and 8.06 g/kg. Therefore, the variables analyzed were EW (g),
EP (%), Fl (g/bird-d), BW (g), feed conversion ratio by egg output (FCR, g/g), corrected
for mortality, egg output (EO, g/bird-d), methionine+cystine intake (mg/bird-d) and
methionine+cystine deposition in egg (mg/bird-d), efficiency of utilization and
maintenance. The variables collected for egg quality were yolk weight (g), shell weight
(g) and albumen height (mm). These data were collected on third, sixth and tenth week
of the experiment, two days of week. When the effect of methionine+cystine levels (P
< 0.05) was detected, the models linear-plateau (BL), quadratic-plateau (BLq), and the
first intercept were adjusted to determine the ideal methionine+cystine intake. The
calculated value of the first interception of BLg on the plateau of the BL was 596.9
mg/bird per day, which was considered the optimum level methionine+cystine intake
for egg output in Hy-line Brown laying hens.

Keywords: Methionine+cystine; laying hens; amino acids; egg production; broken line
linear-quadrtic-plateau.
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CAPITULO 1. Consideraces gerais

1.1. INTRODUCAO

A metionina é considerada o primeiro aminoacido essencial limitante nas dietas
formuladas a base de milho e farelo de soja para aves de postura. Ela atua na sintese
de proteinas, no sistema imunoldgico, nas reacfes metabdlicas, no desempenho e
empenamento das aves por meio da sintese de colina, betaina creatina, carnitina,
atuando, ainda, como regulador de divisdo celular (Bunchasak, 2009). Segundo
Rostagno et al. (2011) ao menos 55% dos aminoacidos sulfurados na dieta devem ser
de metionina, pois essa €& precursora da cisteina, que pelo mecanismo de
transulfuracéo é responsavel pela formacéo da cistina, onde as moléculas de cisteina
se ligam aos pares por uma ponte dissulfeto durante a formacéo da proteina (Pillai et
al., 2006; Baker, 2006). A cistina € importante para a formacdo da pele e penas,
estimula o sistema hematopoiético, promove a formacdo de glébulos brancos e
vermelhos além de contribui para o processo de cicatrizacao.

Visto que os aminoacidos séo importantes para o desempenho das poedeiras, o
desbalanco deles pode reduzir a eficiéncia de utilizacdo da proteina dietética (Pack,
1995), ao passo que a deficiéncia dos aminoacidos resulta no catabolismo da proteina
corporal e 0 excesso de aminoacidos pode gerar incremento cal6rico corporal, uma
vez que terd uma demanda energética para a excrecao de nitrogénio (packing, 1998;
Brumano, 2008). Dessa forma, € fundamental conhecer a exigéncia dos aminoacidos,
pois o fornecimento de uma dieta balanceada permite que o animal tenha um melhor
desempenho, evitando o desperdicio dos ingredientes além de reduzir os impactos
ambientais causados pela excrecdo de nitrogénio.

Portanto, o objetivo desse estudo foi determinar as recomendacbOes de

metionina+cistina para poedeiras comerciais semipesadas.
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1.2. REVISAO DE LITERATURA

1.2.1. Metionina e cistina

A metionina € um aminoacido essencial e o primeiro limitante nas dietas a base
de milho e farelo de soja para aves. Atua no sistema imunologico, desempenho e
empenamento além de participar da biossintese de substancias como creatina,
poliaminas e melatonina (Baker et al., 1996; Schutte et al., 1997). Ademais, é doadora
do grupo metil para reacdes metabdlicas como sintese de colina, betaina (Leeson et
al., 2001; Carvalho, 2017), creatina e estimula o catabolismo oxidativo dos acidos
graxos atraveés da sintese de carnitina (Bunchasak, 2009; Corzo et al., 2006).

A metionina é essencial na regulacédo da divisdo celular e protecao das células
contra O estresse oxidativo por ser precursora da glutationa, um importante
antioxidante celular (Li et al., 2007; Tesseraud et al., 2009). A metionina também é
precursora da sarcosina pela via transmetilacdo, com funcéo importante na estrutura
de proteinas como a imunoglobulina e insulina (Corzo et al., 2006).

E precursora da cisteina, que pelo mecanismo de transulfuracio é responsavel
pela formacao da cistina, onde as moléculas de cisteina se ligam aos pares por uma
ponte dissulfeto durante a formacéo da proteina (Pillai et al., 2006; Baker, 2006), o
gue justifica as recomendacdes nutricionais serem expressas como metionina+tcistina
(Carvalho, 2017), uma vez que a cistina é importante para a formacéao da pele e penas
dos animais, além de contribuir com o processo de cicatrizacao estimulando o sistema
hematopoiético e promovendo a formacao de glébulos brancos e vermelhos (Pinheiro
et al., 2021).

As principais fontes comerciais de metionina industrial utilizada nas dietas das
aves sao a L-metionina, DL-metionina em pod, a metionina hidroxi-analoga (MHA) em
po, como sal de calcio (MHA-Ca) ou na forma liquida como acido livre (MHA-AL).
Exceto a L-metionina que € produzida por processo de fermentacao, todas as outras
fontes séo produzidas por sintese quimica em que a DL-Met € constituida por 50% de
D-Met (dextrogiras) e 50% L-Met (levogiras) e a MHA é constituida por 65% de
mondmeros, 23% de polimeros e 12% de agua (Lawson e Ivey, 1986). As fontes

sintéticas de metionina apresentam quantidades iguais dos isdbmeros D e L e dessa
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forma devem ser convertidas em L-metionina para serem utilizadas na sintese de
proteina (Dibner, 2003).

1.2.2. Exigéncia de metionina + cistina para poedeiras

O NRC (1994), a Tabela Brasileira (Rostagno et al. 2017), manuais de linhagem
como o Guia de Manejo Hy-line bem como diversos artigos publicados recomendam
diferentes niveis de metionina+cistina para poedeiras em razdo de fatores que devem
ser considerados, como a idade, mudanca no potencial genético, teor de proteina da
racao e condi¢cdes ambientais (Waldroup e Hellwig, 1995; Jordao Filho et al., 2006).

Ao longo dos anos foram introduzidas no mercado linhagens comerciais de
poedeiras que possuem melhor capacidade para conversdo dos nutrientes da racao
(Jordao Filho et al., 2006). Ahn et al. (1997) testaram o efeito da linhagem de galinhas
poedeiras sobre a relacdo gema/clara e os solidos contidos no ovo e perceberam
diferencas significativas nos solidos do ovo e na relacdo gemal/clara em funcao da
linhagem. As linhagens H&N, Delta, Hy-Line W36 e Hy-Line W77 apresentaram
sequencialmente, um aumento nos sélidos do ovo, da gema e clara. Os autores ainda
argumentaram que as diferencas foram potencialmente advindas em razdo da
genética, visto que nos ultimos anos houve uma intensificacdo dos programas de
selecdo genética para producdo e peso dos ovos. Em relacdo a idade das aves, a
exigéncia de energia aumenta, enquanto a dos aminoacidos diminui ao longo do
crescimento das poedeiras (D’Mello, 2003; Brumano, 2008).

Calderon e Jensen (1989) observaram que o aumento de DL-metionina em
conjunto com a elevacao na concentracdo da proteina da racdo, resultou melhorias na
producédo, peso e massa de ovos das galinhas poedeiras. Em relacdo as condi¢oes
ambientais, Mueller (1959) observou que as poedeiras reduzem o consumo de racao
guando estdo em um ambiente com alta temperatura (32°C), assim como Hsu et al.
(1998) constataram que o aumento da temperatura agravou a producéo e peso dos
0VOS.

Dessa forma, ao longo dos anos foram encontrados diferentes niveis de
recomendacdes para metionina+cistina. O NRC (1994) recomenda 530 mg/ave/dia de
metionina+cistina para poedeiras brancas com consumo de racao de 100 g/ave/dia.

Barbosa et al. (1999), estimaram que as exigéncias nutricionais de metionina+cistina
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semipesadas de 799 mg/ave/dia. Jorddo Filho et al. (2006), encontraram que as
poedeiras semipesadas, desde o inicio de postura até o final do pico de producéo,
exigem uma quantidade de metionina + cistina de 762 mg/ave/dia em sua dieta e para
Sa et al. (2007), tal exigéncia foi de 793 mg/ave/dia de metionina + cistina para
semipesadas.

Estudos realizados por Cupertino et al. (2009), demonstraram que as poedeiras
semipesadas necessitam de 723 mg/ave/dia.

Em 2011, Schmidt et al., entendiam que a exigéncia nutricional para melhor
desempenho de metionina + cistina digestivel, para aves de 79 a 95 semanas de idade,
deveria ser superior a 796 mg/ave/dia.

Bendezu et al. (2015), por meio de seu estudo, utilizando a técnica da diluicéo,
encontraram que a ingestdo de metionina + cistina digestivel no valor de 770
mg/ave/dia otimiza a resposta das aves no periodo de 45 a 48 semanas de idade.
Rostagno et al. (2017) propde que a exigéncia de metionina + cistina digestivel para
poedeiras semipesadas de 833 mg/ave/dia. Por fim, o manual da linhagem Hy-line
Brown (Hy-Line International, 2018) recomenda 728 mg/ave/dia de metionina+cistina.

1.2.3. Dose resposta para estimar a exigéncia de metionina+cistina

Os estudos de dose resposta tém como objetivo estimar as exigéncias nutricionais
com base na resposta do desempenho do animal, avaliando parametros como ganho
de peso, conversao alimentar, producdo de ovos em funcdo do consumo de niveis
crescentes do nutriente estudado (Sakomura & Rostagno, 2007).

A adicdo de um nutriente limitante na racdo, desde que mantenha os niveis
adequados dos demais nutrientes, resulta no crescimento animal até que a exigéncia
seja atendida. Os modelos curvilineos sédo utilizados por grande parte dos
pesquisadores para explicar a relacdo entre a quantidade de aminoacido depositada
e sua ingestao.

Nas respostas curvilineas é possivel verificar fases como inicial ou mantenca,
onde os nutrientes sdo direcionados para as funcgbes vitais do animal em maior
quantidade quando comparado a deposi¢éo proteica. A fase de linear ou deposicéo,
onde podemos observar a resposta e desempenho do animal, a fase de estabilidade

onde a resposta do animal é constante ou ha auséncia de resposta ao primeiro
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limitante e pér fim a fase de toxidez quando o aminoacido estd em excesso para a
producdo e desempenho do animal. Quando se tem uma curva bem definida é
aconselhavel estimar a eficiéncia de utilizacdo do aminoacido estudado por meio de
regressao entre a deposicao e ingestao (Baker, 1986; Silva, 2012).

Nas respostas curvilineas, a inclinacado formada entre aminoacido depositado e
ingerido decai quando o animal atinge 70% da maxima resposta, onde, do ponto de
vista nutricional, neste momento se inicia a fase de atendimento para o individuo
médio da populacdo (Baker, 1986; Silva, 2012).

1.2.4. Eficiéncia de utilizacdo de aminoacidos para aves

Na nutricdo aminoacidica, a eficiéncia de utilizacdo é representada pela relacédo
entre a quantidade de aminoacido depositada e sua ingestao para deposicao (Silva et
al., 2014).

Segundo Silva (2012), os aminoacidos cristalinos da dieta sdo absorvidos mais
rapidamente e a sintese proteica nao ocorre de forma perfeita, devido aos demais
aminoacidos ainda estdo na fase de digestdo; o programa de alimentacdo pode
agravar a sintese proteica. De acordo com um estudo comentado por Baker (1986),
guando o programa de alimentacéo foi de uma vez ao dia a lisina cristalina tornou-se
apenas 50% biodisponivel. Dessa forma, é desejavel que no aumento da inclusdo de
aminoacido cristalino na dieta, as refeic6es sejam frequentes ou o regime ad libtum
seja adotado.

Os niveis de proteina e aminoacidos podem variar de uma dieta experimental para
outra, pois a medida que a concentracdo desses niveis diminui, as aves tendem a
consumir mais racao no intuito de suprir a quantidade necessaria do aminoacido
limitante para a producéo de ovos. Porém, quando a deficiéncia desse aminoacido for
grande, a ingestdo de racdo ndo € viavel, visto que provocaria 0 aumento da producao
de calor do animal (Bowmaker e Gous, 1991).

O consumo de alimento também sera limitado pela densidade volumétrica das
dietas, posto que dietas pouco densas, dificultam a ingestdo pelas aves (Emmans,
1981). Narvaez-Solarte et al. (2005) verificaram que niveis superiores a 0,684% de

metionina + cistina totais na dieta podem causar efeitos negativos na producéo de
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ovos, promovendo desbalanco aminoacidico e ocasionam reducao na sintese proteica
com o0 aumento no catabolismo do aminoéacido limitante.

Alguns autores recomendam que a eficiéncia de utilizacdo para aves seja em
torno de 80% (Martin et al., 1994). McDonald and Morris (1985), sugerem uma
eficiéncia de utilizacdo de 0.74 para poedeiras comerciais. Bowmaker and Gous
(1991), sugerem o valor de 0.65 para matrizes pesadas. No estudo conduzido por
Silva (2012) foi encontrada uma média de 72% para eficiéncia de utilizacdo de
metionina+cistina para frangas de postura em fase de crescimento. Dessa forma, é
importante conhecer a eficiéncia de utilizacdo do aminoacido e deste modo termos
melhores respostas do desempenho do animal evitando assim, o desperdicio de

nutrientes quando fornecidos em excesso.

1.2.5. Mantenca

O conceito de mantenca pode ser definido como estado de equilibrio entre a
ingestao de nutrientes e suas perdas (Silva et al., 2014). Autores como Leveille e
Fisher (1959) entendiam que para galinhas poedeiras, a mantenca € um estado em
gue elas sdo capazes de manter a producdo de ovos e permanecer vivas, sendo
necessario quantidades minimas de nutrientes para manter o equilibrio entre a
ingestéo e a excregao.

Durante a mantenca ocorre perda de aminoacidos via pele e penas; perdas
endogenas de aminoacidos do intestino; perda de aminodcidos livres na urina e perda
de proteina corporal (Moughan, 2003; Bonato et al., 2011). No entanto, para manter o
equilibrio de nitrogénio, os aminoacidos devem ser fornecidos na mesma propor¢ao
em que sédo perdidos pelo metabolismo, secre¢éo e excrecado (Sakomura e Rostagno,
2007).

Os estudos para determinar as necessidades de aminoacidos para mantenca sao
idealmente conduzidos com galos adultos, uma vez que a mantenca representa a
maior parte das suas necessidades. As aves em crescimento ndo sao comumente
utilizadas, pois seu peso e composi¢ao corporal mudam diariamente (Bonato et al.,
2011), além de particionarem o0s aminoacidos consumidos em crescimento e
mantenca acarretando, assim, a confusdo durante a interpretacdo dos resultados
(Nonis e Gous, 2008).
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Para Bonato et al. (2011), a quantidade diaria de metionina+cistina para mantenca
de galos adultos foi estimada em 19 mg/kg de peso corporal, 26 mg/kg PC%7.
Bendezu et al. (2015), por meio de um ensaio utilizando a técnica da diluicdo, dividiram
as aves por idade em quatro periodos de 28 dias (33-36, 37-40, 41-44 e 45-48
semanas) e a ingestdo de metionina + cistina digestivel teve um acréscimo em
aproximadamente 100 mg/ave/dia. Tal resultado se deu em razdo do aumento da
necessidade da mantenca em funcédo da idade da ave, que estimada pelo modelo
broken line, pode ser de 37, 39, 48 e 52 mg/ave/dia para o primeiro, segundo, terceiro
e quarto periodos, respectivamente. Dessa forma, diante do exposto € importante
conhecer as necessidades de mantenca, uma vez que apresentam valores diferentes
quando leva em consideracao o animal estudado, a idade e até mesmo a formulacao

utilizada.
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ABSTRACT

The present work aims determine the recommendations of methionine + cystine for laying hens.
For that, an assay was carried out with 150 laying hens of the Hy-line Brown strain with a
duration of 10 weeks. The design used was completely randomized, with 15 treatments and 10
repetitions of one bird each. Treatments consisted of seven levels of methionine + digestible
cystine 4.15; 4.47; 5.39; 6.01; 6.63; 7.25 and 8.06 g/kg. Therefore, the variables analyzed were
EW (g), EP (%), FI (g/bird-d), BW (g), feed conversion ratio by egg output (FCR, g/g),
corrected for mortality, egg output (EO, g/bird-d), methionine+cystine intake (mg/bird-d) and
methionine+cystine deposition in egg (mg/bird-d), efficiency of utilization and maintenance.
The variables collected for egg quality were yolk weight (g), shell weight (g) and albumen
height (mm). These data were collected on third, sixth and tenth week of the experiment, two
days of week. When the effect of methionine+cystine levels (P <0.05) was detected, the models
linear-plateau (BL), quadratic-plateau (BLq), and the first intercept were adjusted to determine
the ideal methionine+cystine intake. The calculated value of the first interception of BLq on the
plateau of the BL was 596.9 mg/bird per day, which was considered the optimum level
methionine+cystine intake for egg output in Hy-line Brown laying hens.



27

INTRODUCTION

Methionine is the first limiting amino acid in diets based on corn and soybean meal for
birds due to its restricted concentration in plants and high requirement by birds (Carvalho et al.,
2018). It is the main donor of methyl groups for cellular metabolism, it acts on the performance
and feathering of birds, participate in protein synthesis (Bunchasak, 2009) and being a precursor
of cysteine, which, through the transsulfuration mechanism, is responsible for the formation of
cystine (Pillai et al., 2006; Baker, 2006), which justifies the nutritional recommendations to be
expressed as methionine+cystine (Carvalho, 2017). Cystine is important for the formation of
skin and feathers, stimulates the hematopoietic system, promotes the formation of white and
red blood cells, and contributes to the healing process (Pinheiro et al., 2021) making necessary
to know the requirements of methionine+cystine, because they are great importance for birds.

Therefore, the present work aims determine the recommendations of methionine +

cystine for laying hens.

MATERIALS AND METHODS

Animals, Housing and Experimental Design

The study was approved by the Animal Ethics and Welfare Committee of Universidade
Estadual Paulista, Campus of Jaboticabal, under protocol number 502/22.

The assay consisted with 15 treatments and 10 replicates of one bird each and
experimental design was completely randomized. A total of 150 Hy-line Brown laying hens at
37 weeks of age with egg production 97+4.5% and average body weight 1.741+117 g. The

experiment was carried out in an open house with a trough feeder and nipple drinker. Water
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and feed were provided ad libtum and the light program consisted of 17 hours of light and seven

hours of dark.

Experimental Diets

The treatments were seven levels of digestible methionine plus cystine: L1, 4.15; L2,
4.47;L3,5.39; L4, 6.01; L5, 6.63; L6, 7.25; L7, 8.06 g/kg.

A basal diet (D1) was formulated meeting the nutritional requirements of energy,
minerals, vitamins, proteins, with the exception for methionine + cystine, which attended the
amount of 4.15 g/kg of methionine + cystine in the diet. The other treatments were formulated
with increasing methionine plus cystine levels (Table 1). The requirements of all essential
amino acids were increased by 10% without limiting the maximum response in the formulated

precision levels in the in methionine+cystine stability region.

Experimental Procedures and Variables Analyzed

The experiment lasted ten weeks, of which the last four weeks were destinated to data
collection. The temperature and relative humidity, egg production (EP) and mortality were
measured every day. Besides that, the birds were weighed at the beginning, at the fifth week
and at the end of the experiment to obtain the average body weight (BW). The feed leftovers
were counted weekly to obtained feed intake (FI), the egg weight (EW) was measured three
times a week and the mean temperature and relative humidity during the experiment were
26.3°C and 84%, respectively.

Therefore, the variables analyzed were EW (g), EP (%), FI (g/bird-d), BW (g), feed
conversion ratio by egg output (FCR, g/g), corrected for mortality, egg output (EO, g/bird-d),

methionine+cystine intake (mg/bird-d) and methionine+cystine deposition in egg (mg/bird-d).
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The variables collected for egg quality were yolk weight (g), shell weight (g) and
albumen height (mm). These data were collected on third, sixth and tenth week of the

experiment, two days of week.

Statistical analysis

The data were analyzed for the assumptions of homoscedasticity of variance and
normality of errors. To calculate the variables methionine+cystine deposition in egg
(mg/bird-d) and methionine+cystine mobilization of BW (mg/bird-d) was used the values
13.02% (Batista and Garcia, 2003) and 162.3 g/kg (Silva, 2012) for protein of the egg and the
body respectively. The methionine+cystine composition in egg used was 353 mg/g de nitrogen
(Lunven and MARQ, 1973) and in body was 33.3 mg/g met+cys (Silva, 2012).

When detected an effect (P<0.05), regression analysis was applied using the broken line
linear (BL) and quadratic polynomial (BLqg) models. Methionine + cystine intake was
calculated using the 1% intersection of the quadratic polynomial model with the broken line

plateau.

RESULTS

Productive Performance

The levels of methionine+cystine in diet significantly affected (P<0.05) the variables
FI, methionine+cystine intake, EP, EW, EO, feed efficiency and methionine+cystine deposition
in egg as shown in Table 2.

Digestible methionine+cystine levels influenced (P<0.0001) feed intake, which

increased linearly (Table 2). The average consumption (82.6 g) was lower than the one provided
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and expected (110g), which influences a lower intake of amino acids. The low feed
consumption may be related to the high temperatures during the assay, reaching maximum
values of 32.1°C.

Birds that consumed the lowest level of methionine+cystine in the diet (4.15 g of L-
methionine per kg) reduced feed intake by 36.9% when compared to birds at the level of 6.63
g of L-methionine per kg.

Birds that were fed 4.15 g of methionine+cystine per kg of diet reduced amino acid
intake by approximately 65.8%, when compared with the maximum value observed in
treatments with 8.06 g of methionine+cystine per kg of diet.

Methionine+cystine limited diet of 4.15 g/kg also affected egg production in relation to
the maximum value observed in treatments with 7.25 g of methionine+cystine per kg of diet.
Egg weight was affected for the birds submitted to treatments with limited methionine+cystine
of 4.47 g/kg, when compared to levels 6.63 g of methionine+cystine per kg of diet.

The maximum feed efficiency obtained was 0.54 or 54% feed conversion in egg mass.
This value suggested that a lower dose, 7.25 g/kg, as it presented higher production and egg
mass, in contrast to the level of 8.06 g /kg of methionine+cystine that showed the same feed
efficiency, however this result was attributed to a reduction in feed consumption since there

was no increase in egg production and mass.

Egg quality

Table 3 presents the values for internal quality of eggs in which the weight of the
albumen was significantly affected (P<0.05) by the levels of methionine+cystine used in the
diet. Albumen weight had a linear (P=0.0089) and quadratic (P=0.0007) effect and the lowest

level of methionine+cystine in the diet also had the lowest aloumen weight.
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Estimation of optimal intake to methionine+cystine

Figure 1 shows the relationship between EO (g/bird per day) and the intake of
methionine+cystine. The figure shows the predicted values of the linear-plateau (BL) and
quadratic-plateau models (BLq) and observed values. The BL and BLq models estimated 533.4
mg/bird per day and 765.4 mg/bird per day for EO, respectively. The calculated value of the
first interception of BLq on the plateau of the BL was 596.9 mg/bird per day which was
considered the optimum level methionine+cystine intake for egg output in Hy-line Brown
laying hens.

Table 4 shows the intake values and concentration of methionine+cystine for laying
hens. The first intercept on the plateau obtained was 628.6 mg or 0.549% for feed intake, 592.5

mg or 0.611% for egg production, 625.6mg or 0.594% for egg weight.

DISCUSSION

In the results of this study, there was a 36.9% drop in the consumption of birds fed with
4.15 g/kg of methionine+cystine, that is, methionine deficiency interferes with feed intake
(Harper etal., 1970; Harms et al., 1998, Cadirci et al. 2014). Emmans (1981) suggests the theory
of food regulation, in which birds tend to increase feed consumption to meet the daily
requirements of the limiting amino acid. Thus, some authors concluded that birds are able to
compensate for the methionine deficiency by consuming more feed (Waldroup and Hellwig,
1995; Moritz et al., 2005), but in the present study this fact did not happend, that is, all birds
consumed less than the expected amount (1109), especially birds that received diets with lower

levels of methionine+cystine.
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Emmans (1981) also claims that intake cannot be increased indefinitely, being
controlled by the density of the food and the animal need to remain in thermal equilibrium.
Mueller (1959) demonstrated that laying hens consume less feed when they are in a high
temperature environment (32°C) compared to birds that are in a low temperature environment
(13°C).

In the study, egg weight and egg production were significantly affected in relation to the
levels used. Egg production was reduced when amino acid intake was deficient, but egg weight
did not change significantly. These results can be attributed to the physiological characteristics
of the animal, in which the bird maintains a minimum egg weight to ensure the survival of the
developing embryo (Morris and Gous, 1988; Bowmaker and Gous, 1991; Lima et al., 2018).

The low egg production in diets with reduced levels of sulfur amino acids, may be due
to amino acid imbalance resulting in reduced protein synthesis, increasing catabolism and
inhibiting the absorption of essential amino acids (Narvaez-Solarte et al., 2005).

In relation to the internal quality of the eggs, the values of shell and albumen weight
increased according to the increase in the level of methionine+cystine in the diet. Decreasing
the intake of amino acids, such as methionine, significantly reduces albumen weight, in accord
with studies found in the literature (Shafer et al., 1998; Novak et al., 2004). Shafer et al. (1996)
reported an increase in albumen weight and egg weight when methionine intake was increased
from 326 mg to 512 mg/dia. Togashi et al. (2002) found a quadratic effect of increasing the
levels of the studied amino acid on the shell weight, what confirms the present study in which
the shell weight showed a quadratic (P=0.0210) and linear (P= 0.0015) effect as increased the
inclusion of methionine+cystine in the diet. This may be due to the fact that the shell consists
of a protein matrix and the increased intake of sulfur amino acids may influence the protein

synthesis of shell membranes (Novak et al., 2004; Moghaddam et al., 2012).
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The optimal levels of methionine+cystine are shown in Table 4 and the values obtained
by the BL model were lower is a function of the abrupt plateau and didn’t consider the law of
economic returns (Baker, 1986; Bendezu et al., 2015), whereas the BLg model provides us with
higher values for nutritional requirements as it considers symmetrical responses to nutrient
deficiency and excess. Therefore, intermediate values between the BL and BLqg models were
used, considering the first interception of BLq on the plateau of the BL present the values of
the methionine+cystine requirements (Bendezu et al., 2015; Sakomura e Rostagno, 2007).

The optimal level for egg production found in the present study (0.611%) was lower
than the value found by S& et al. (2007) and higger than Togashi et al. (2002) determined
0.669% and 0.560% of methionine+cystine for laying hens, respectively. On the other hand,
Geraldo et al. (2010), using Hy-line W-36 laying hens from 25 to 41 weeks of age, found a
value of 0.735% of methionine+cystine in the diet.

For the egg mass variable, the level found was 0.632% of methionine+cystine in the
diet, which is in agreement with the value found by Bendezu et al. (2015), who used the BL
and BLqg models and the dilution technique. Finally, the optimal value of methionine+cystine
(0.594%) for egg weight was lower to the value found by Sa et al. (2007) of 0.693% and
Cupertino et al. (2009) of 0.633%, but similar than the value found by Schmidt et al. (2009) of

0.591%.

CONCLUSION

According to the results of this study, the recommendations of methionine+cystine to

egg output was 596.9 mg/bird per day for Hy-line Brown laying hens, from 37 to 47 weeks of

age.
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Table 1: Composition (g/kg) of experimental diets.
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Ingredients D1 D2 D3 D4 D5 D6 D7

Grain Corn 673.67 673.67 673.67 673.67 673.67 673.67 673.67
Soybean Meal 46 182.80 182.80 182.80 182.80 182.80 182.80 182.80
Soy oil 980 970 940 920 900 880 850
Dicalcium phosphate 11.80 11.80 1180 11.80 11.80 11.80 11.80

Fine limestone

Coarse limestone

Salt

Sodium bicarbonate
L-Methionine2 (99%)
L-Lysine? (79%)
L-Threonine? (98%)
L-Tryptophan? (98.5%)
L-Valine? (98.5%)
L-Isoleucine? (90%)
L-Glutamic acid (98%)
L-Alanine (99%)
Choline Chloride 60%
Diflubenzuron 25%

Vitamin and mineral Premixt

Total

Concentration of nutrients

Crude fiber

Crude protein
Potassium

Sodium

Calcium
Phosphorus available
Choline

Linoleic acid

MEn

Lysine

Methionine
Methionine+Cystine
Threonine
Tryptophan

Valine

Isoleucine

31.80 3180 31.80 31.80 31.80 31.80 31.80
60.30 60.30 60.30 60.30 60.30 60.30 60.30

2.50
2.20
0.00
2.00
0.80
0.20
0.70
0.80
9.00
10.10
0.50
0.03
1.00

2.50
2.20
0.30
2.00
0.80
0.20
0.70
0.80
9.00
9.90
0.50
0.03
1.00

250 250 250
220 220 220
1.30 190 250
200 200 200
0.80 0.80 0.80
020 020 0.20
0.70 0.70 0.70
0.80 080 0.80
880 870 8.60
950 920 8.90
0.50 050 0.50
0.03 0.03 0.03
1.00 1.00 1.00

2.50
2.20
3.10
2.00
0.80
0.20
0.70
0.80
8.40
8.60
0.50
0.03
1.00

2.50
2.20
4.00
2.00
0.80
0.20
0.70
0.80
8.20
8.30
0.50
0.03
1.00

1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0

2.50
15.8
0.60
0.20
3.90
0.30
1130
2.00
2850
0.86
0.18
0.37
0.58
0.27
0.72
0.63

2.50
15.60
0.60
0.20
3.90
0.30
1130
2.00
2850
0.86
0.20
0.39
0.58
0.27
0.72
0.63

Analyzed
250 250 250
15.60 15,50 15.60
0.60 0.60 0.60
020 020 0.20
390 390 390
030 030 0.30
1130 1130 1130
190 190 1.90
2850 2850 2850
086 086 0.86
030 040 050
048 053 0.59
058 058 0.8
027 0.27 0.27
072 072 0.72
063 0.63 0.63

2.50
15.60
0.60
0.20
3.90
0.30
1130
1.90
2850
0.86
0.50
0.64
0.58
0.27
0.72
0.63

2.50
15.80
0.60
0.20
3.90
0.30
1130
1.90
2850
0.86
0.60
0.71
0.58
0.27
0.72
0.63

1Content/kg: folic acid — 200,00 mg; pantothenic acid — 5.000,00 mg; copper — 10.00 g; iron — 55,00 g; iodine — 1.000,00 mg;
manganese — 70.00 g; selenium — 300.00 mg; niacin — 18,00 g; vit A -7.500.000,00 1U; vit B1 — 1.000,00 mg; vit B12 — 8.000,00
mcg; vit B2 — 3.000,00 mg; vit B6 — 500,00 mg; vit D3 — 2.500.000,00 Ul; vit E 5.500,00 UI; vit K 1.500,00 mg; zinc 50,00 g.

2Products of CJ BIO (CJ Cheiljedang, Seoul, South Korea).
3MEn: Metabolizable energy corrected for nitrogen balance.
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Table 2. Average responses to the dietary levels of methionine+cystine (g/kg) for daily feed intake (FI, g/hen), daily methionine+cystine intake
(Met+Cys I, mg/hen), daily egg production (EP, %/hen), egg weight (EW, g), daily egg output (EO, g/hen), feed efficiency (FE, g/g), daily
methionine+ cystine deposition in egg (Met+Cys D, mg/hen), average body weight (BW, g) of the Hy-Line Brown laying hens.

Level Fl Met+Cys | EP EW EO FE Met+Cys D BW
415 59.7 247.7 32.5 53.6 17.6 0.3 129.5 1586.0
4.47 67.8 303.2 40.4 53.5 21.7 0.3 159.7 1626.4
5.39 88.1 474.9 72.5 58.1 42.2 0.5 310.1 1685.2
6.01 85.7 515.3 75.0 59.8 45.0 0.5 331.1 1681.9
6.63 94.7 627.8 82.5 60.0 49.4 0.5 363.4 1657.2
7.25 92.4 669.6 85.0 58.4 49.6 0.5 364.8 1667.2
8.06 89.9 724.3 81.1 59.9 48.7 0.5 358.1 1675.5
Average 82.6 509.0 67.0 57.6 39.2 0.5 288.1 1654.2
SEM! 10.8 143.2 175 2.3 11.2 0.1 82.0 27.4
P-value

Level (L) <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.4731
Linear effect <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.1067

Quadratic effect <.0001 0.0142 <.0001 0.0182 <.0001 0.0003 <.0001 0.1941

1SEM: standard error of the mean.
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Table 3. Average responses to the dietary levels of methionine+ cystine (g/kg) for yolk weight
(YW, g), shell weight (SW, g) and albumen weight (AW, g) of the Hy-Line Brown laying hens.

Level YW SW AW

4.15 13.7 5.7 34.7
4.47 13.2 5.8 35.8
5.39 14.2 6.2 37.6
6.01 14.1 6.1 38.9
6.63 14.2 6.2 40.0
7.25 14.3 6.2 38.0
8.06 14.5 6.3 39.2
Average 14.0 6.1 37.7
SEM! 0.3 0.2 1.5

P-value

Level (L) 0.0980 0.1059 0.0089
Linear effect 0.0590 0.0062 0.0007

Quadratic effect 0.7949 0.1750 0.0444

1SEM: standard error of the mean.
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BL: 533.4 mg/bird per day; BLq: 765.4 mg/bird per day;
59.00 EO: 51.0 g/bird per day EO:54.7 g/bird per day
55.00 |
500 | e
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o
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day
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Figure 1. Relation between L-methionine plus cystine intake (mg/bird per day) and egg output
(g/bird per day). ___, Predicted values egg output by broken-line model (BL). ......., Predicted
values egg output by quadratic broken line model (BLq). ®, Observed values ’, Calculated
value the first interception of BLq on the plateau of the BL.
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Table 4: Methionine+Cystine requirements according to the models for daily feed intake, egg production, egg weight, egg output and feed
conversion ratio of Hy-line Brown.

Methionine+Cystine intake (mg/bird per day) Concentration in the diet
Variable . Quadratic broken-line model  First interception of BLqg on 0
Broken-line model (BL) (BLQ) the plateau of the BL %
Feed intake 586+26 744148 628.6 0.549
Egg weight 534158 737469 625.6 0.594
Egg production 531+21 724168 592.5 0.611
Feed conversion ratio 483+29 603110 522.4 0.593

Egg output 533+20 76539 596.9 0.632




