GABRIEL DA SILVA VIANA

RESPONSES TO REDUCTION ON DIETARY CRUDE PROTEIN AND

SUPPLEMENTATION OF NON-ESSENTIAL NITROGEN ; DIETARY

ESSENTIAL TO NON-ESSENTIAL NITROGEN OPTIMUM RATIO FOR
WHITE COMMERCIAL LAYERS

Tese apresentada a Universidade
Federal de Vigcosa, como parte das
exigéncias do Programa de POs-
Graduagcdo em Zootecnia, para
obtencdo do titulo de Doctor
Scientiae.

VICOSA
MINAS GERAIS - BRASIL
2017



Ficha catalografica preparada pela Biblioteca Central da Universidade
Federal de Vigosa - Campus Vigosa

T

da Silva Viana, Gabriel, 1989-
VolT7r Responses to reduction on dietary crude protein and
2017 non-essential nitrogen supplementation: dietary essential to

non-essential nitrogen optimum ratio for white commercial
layers / Gabriel da Silva Viana. — Vigosa, MG, 2017,
x, 43F 1l ;29 cm.

Orientador; Melissa [zabel Hannas.
Tese (doutorado) - Universidade Federal de Vicosa,
Referéncias bibliograficas: . 27-31.

1. Galinhas poedeiras. 2. Proteina bruta. 3. Nitrogénio ndo
essencial . 1. Umiversidade Federal de Vigosa. Departamento de
Zootecma. Doutorado em Zootecma. I1. Titulo.

CDD 22. ed. 636.50852




GABRIEL DA SILVA VIANA

RESPONSES TO REDUCTION ON DIETARY CRUDE PROTEIN AND
SUPPLEMENTATION OF NON-ESSENTIAL NITROGEN; DIETARY
ESSENTIAL TO NON-ESSENTIAL NITROGEN OPTIMUM RATIO FOR
WHITE COMMERCIAL LAYERS

Tese apresentada a4 Universidade Federal de
Vigosa, como parte das exigéncias do Programa
de P6s-Graduacdo em Zootecnia, para obtenc¢io
do titulo de Doctor Scientiae.

APROVADA: 03 de mar¢o de 2017

—
A

Rogério Pinto

WMWW Crishep. vl Weleso

Arele Arlindo Calderano Cristina Mattos Veloso

A
Médliséatsabel Hannas

(Orientadora)




A Deus pelo dom da vida e pela forca para lutar por meus
objetivos.

Aos meus pais Avila e Valéria pelo amor incondicional, carinho,
amizade e paciéncia.

As minhas irmas Maria Luisa e Mariana pelo amor, amizade e
convivéncia

DEDICO.



AGRADECIMENTOS

A Deus por me dar forgas para lutar sempre. Por me proporcionar alegria nas
coisas mais simples da vida.

Aos meus pais Avila e Valéria pelo amor incondicional, incentivo, carinho e
compreensdo. As minhas irmas Maria e Mariana pelo amor, amizade e companheirismo.

A Universidade Federal de Vigosa, Pro-Reitoria de Pos-Graduagdo e Pesquisa e
ao Departamento de Zootecnia por disponibilizarem meios para realizagéo do curso.

Ao Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPQ)
pela concessédo da bolsa de estudo.

A Professora Melissa Izabel Hannas pela orientacdo e confianca na realizacio
deste trabalho. Pelo respeito profissional, pelos valiosos ensinarmemosade.

Aos Professas Sérgio Luiz de Toledo Barreto e Paulo Cezar Gomes pelos
ensinamentos, amizade e confianca. Por acreditarem no meu trabalho e por darem a
primeira oportunidade de estagio, permitindo a descoberta de um mundo repleto de
possibilidades, conhecimentos e, sobretudo de amigos inesqueciveis.

Aos Professores Horacio Santiago Rostagno e Luiz Fernando Teixeira Albino pela
contribuicdo fundamental para realizacdo do presente trabalho.

Aos Doutores Julio Maria Ribeiro Pupa e Rogério Pinto pela disponibilidade de
participar da presente banca.

Aos amigos Rodrigo Lopes de AlmeideRenata de Souza Reis, responsaveis
pelos primeiros passos da longa caminhada até aqui. Pela amizade e divertida companhia
nos momentos de trabalho.

Aos meus grandes e velhos amigos Jorge Cunha Lima Muniz, Amanda Dione
Silva e Roberta Corsino Ferreira pela amizade de todas as horas, pelo companheirismo e
boas risadas e sem davida pela paciéncia no convivio diario. Aos amigos Erika Martins
de Figueiredo, Hélvio da Cruz Ferreira Junior, Matheus de Almeida Ferreira, Bruna
Strieder Kreuz, Bruno Reis de Carvalho e Sandra Salguero Cruz pela companhia, pelas
risadas e suporte.

Ao estagiario e amigo Warley Junior Alves pelos anos de dedicacao, diseiplina
ajuda na conducao deste e outros experimentos.

Aos funcionarios do Departamento de Zootecnia Fernanda Vieira, Rosana, Elisio,
Joseé Lino e Adriano pelo suporte.

A todos que contribuiram de alguma forma para realizacéo deste trabalho.



BIOGRAFIA

Gabriel da Silva Viana, filho de Avila Viana Filho e Valéria Manhées da Silva,
nasceu em 24 de maio de 1989, em Macaé - RJ.

Em 2007 iniciou o Curso de Zootecnia pela Universidade Federal de Vicosa,
colando grau em 27 de janeiro de 2012.

Em marco de 2012 iniciou o curso de Mestrado em Zootecnia, na area de Nutricao
e Producdo de Monogastricos na Universidade Federal de Vicosa, submetendo a defesa
de dissertagéo em 22 de julho de 2013.

Em agosto de 2013 iniciou o curso de Doutorado em Zootecnia, na area de
Nutricdo e Producdo de Monogastricos na Universidade Federal de Vigcosa, submetendo

a defesa de tese em 03 de marco de 2017.



SUMARIO

Pags.

RESUMO ...t eeeees vi
ABSTRACT e vii
INTRODUGAO GERAL........oiuiiieeeeeeeeeeeeeeeeeee e 01
CAPITULO | 06
Laying_hen_ responses to reducti_on on dietary crude protein supply an 06
essential nitrogen supplemnetation

CAPITULO II 25
Dietary essential to non-essential nitrogen optimum ratio for white com o5

layers



RESUMO

VIANA, Gabriel da Silva,D.Sc., Universidade Federal de Vigosa, marco de 2017.
Reducao da proteina bruta em dietas suplementadas ou ndo com nitrogénio néo
essencial e relacdes nitrogénio essencial:nitrogénio ndo essencial para galinhas
poedeiras levesOrientador: Melissa Izabel Hannas. Coorientadores: Sérgio Luiz de
Toledo Barreto e Luiz Fernando Teixeira Albino.

Foram conduzidos dois ensaios experimentais com objetivo de avaliar o efeito da reducéao
da proteina bruta em dietas, suplementadas ou ndo com nitrogénio ndo essencial
(experimento 1), e de diferentes relagfes dietéticas de nitrogénio essencial:nitrogénio ndo
essencial (experimento 1l) para poedeiras leves. Em ambos ensaios, 0 periodo
experimental teve duracdo de 112 dias, sendo subdividido em 4 periodos de coleta de
dados de 28 dias cada. No experimento |, 240 galinhas poedeiras Hy-Line W-36
aletoriamente distribuidas a 40 unidades experimentais, divididas em cinco grupos de
tratamentos com 48 aves cada. Os tratamentos consistiram de 3 ragcdes com 0s niveis de
proteina bruta de 170.0, 150.0 e 130.0g de proteina/kg de dieta com as relacdes nitrogénio
essencial:nitrogénio ndo essencial de 37/63, 42/58 e 47/53, respectivamente.
Adicionalmente, as duas ra¢des contendo os niveis de proteina bruta de 150.0 e 130.0g
de proteina/kg de dieta, foram suplementadas com 37.60 e 60.80g de acido glutamico/kg
de dieta, respectivamente, com objetivo de igualar a relacdo nitrogénio
essencial:nitrogénio ndo essencial da dieta de maior nivel proteico (37/63). A reducédo
dietética da proteina bruta de 170.0g/kg para 150.0g/kg resultou na reducdo do peso e
massa de ovos, enquanto a reducao para 130.0g/kg além de acarretar piora das variaveis
antes descritas, também piorou a conversdo alimentar por massa de ovos, reduziu o
consumo de racdo e o peso de albumen. Nao observou-se diferencas no desempenho e
gualidade de ovos de aves alimentadas com dietas em que o conteudo de proteina foi
reduzido. A suplementacao de acido glutdmico em dietas contendo 150.0g de proteina/kg
promoveu mesmo desempenho das aves alimentadas com 170.g de proteina/kg, enquanto
em dietas contendo 130.0g de proteina/kg a inclusdo de acido glutamico resultou nas
piores médias de desempenho e qualidade de ovos em comparacdo aos demais
tratamentos. Os resultados demonstram que o déficit de nitrogénio ndo essencial resulta
em piora no desempenho de galinhas poedeiras e revela potencial de utilizagdo de acido

glutdmico como fonte de nitrogénio ndo essencial, desde que utilizado em baixas

Vi



concentracdes. No experimento I, 360 galinhas Hy-Line W-36 foram distribuidas em
seis tratamentos, com dez repeti¢cdes e seis aves por unidade experimental. Os tratamentos
foram obtidos a partir da suplementacdo gradativa da mistura de L-alanina, L-glicina e
acido glutamico (proporcéao 60%/20%/20%) em uma dieta basal com reduzida proteina
bruta e relacdo nitrogénio essencial:nitrogénio ndo essencial de 55/45 com objetivo de
produzir as relagdes entre nitrogénios de 55/45, 52/48, 48/52, 44/56 e 41/59. Uma sexta
dieta com maior teor de proteina bruta, denominada grupo controle, foi formulada com
relacdo nitrogénio essencial:nitrogénio total de 41/59. As relacdes de 55/45 e 52/48
resultaram em menor peso de ovo e pior conversdo alimentar por massa de ovos em
comparagao ao grupo controle. Observou-se redugdo nos valores de massa de ovos
somente no grupo de aves alimentado com a relagéo de 55/45. Baseado nos resultados,
recomenda-se que a relacdo dietética de nitrogénio essencial:nitrogénio ndo essencial para
poedeiras leves ndo ultrapasse o valor de 48/52.
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ABSTRACT

VIANA, Gabriel da Silva, D.Sc., Universidade Federal de Vicosa, July, 2Gi#3ng
hen responses to reduction on dietary crude protein and non-essential nitrogen
supplementation; dietary essential to non-essential nitrogen optimum ratio for white
commercial layers. Adviser: Melissa lzabel Hannago-Advisers: Sérgio Luiz de
Toledo Barreto and Luiz Fernando Teixeira Albino.

Two trials were performed in order to evaluate laying hen responses to reduction on
dietary crude protein supply and non-essential nitrogen supplementation (Experiment I)
and to determine the essential to non-essential nitrogen ratio, which warrants optimum
performance, and egg quality of laying hens (Experiment 11). Both trials lasted 112 days,
being divided in four 28-day intervals. In experiment |, a total of 240 Hy-Line W-36
laying hens were randomly assigned to 5 treatments, eight replicates with six hens each.
The treatments consisted diets containing 170g (control diet), 150 and 130g crude
protein/kg, which corresponded to the essential nitrogen to non-essential nitrogen ratios
of 37/63, 42/58 and 47/53, respectively. The other two treatments consisted of the same
diets containing 150 and 130g crude protein/kg, but supplemented with 37.60 and 79.15¢g
glutamic acid/kg respectively in replacement to cornstarch to equal the essential nitrogen
to non-essential nitrogen ratio in control diet (37/63). Reduction on dietary crude protein
by 20g/kg elicited a decrease in egg weight and egg mass, whereas the reduction on
dietary crude protein by 40g/kg decreased feed intake, egg weight, egg mass and albumen
weight, beyond worsening feed conversion ratio per kilogram of eggs. Layers fed diets
with 150 and 130g crude protein/kg had similar performance and egg quality. Glutamic
acid-added diets with 150g crude protein/kg maintained similar layer performance and
egg quality to that observed in layers fed control diet. However, when added to diets with
130g crude protein/kg, glutamic acid impaired layer performance and egg quality, leading
to the lowest means for variables assessed herein when compared with all treatments.
Based on results, the lack of non-essential nitrogen compromises layer productivity and
glutamic acid may be considered as a potential source of non-essential nitrogen when
added in low concentration to low-protein diets. In experiment Il, 360 Hy-Line W-36
laying hens were randomly assigned to 5 treatments, eight replicates with six hens each.
Experimental diets were obtained through the graded supplementation of a mixture of L-

alanine, L-glycine and glutamic acid, at the proportion of 60%,20% and 20% respectively,
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in a low protein diet with the essential nitrogen to non-essential nitrogen ratio of 55/45.
Four more diets with the ratios of 52/48, 48/52, 44/46 and 41/59 were produced from the
aforementioned low-protein diet. Additionally, a diet wathigher crude protein content

was formulated to contain the essential nitrogen to non-essential nitrogen ratio of 41/59.
Layers given dietary essential to non-essential nitrogen ratios of 55/45 and 52/48 had
lower egg weight and worsen feed conversion ratio per kilogram of eggs compared with
layers fed control diet. Egg mass was impaired only when essential to non-essential
nitrogen ratios reached the 55/45. Egg quality was unaffected by dietary treatments.
Based on results, the dietary essential to non-essential nitrogen ratio for laying hens must
not reach 48/52.



1. INTRODUCAO GERAL

Proteinas, assim como 0s peptideos e os aminodcidos provenientes de sua
hidrélise desempenham papel essencial ha manutencdo da homeostase do organismo
animal (Murray et al., 1988). Além de constituirem blocos essenciais no processo de
sintese proteica, aminoacidos desempenham importantes funcbes secundarias no
metabolismo e fisiologia do organismo animal. No passado, o atendimento das exigéncias
de aminoacidos para galinhas poedeiras era caracterizado pelo fornecimento de racdes
contendo elevado teor de proteina bruta (Kumari et al., 2016). Todavia, a utilizacéo de tal
conceito na formulacdo de dietas para aves revela-se inviavel em razédo de fatores de
ordem financeira, fisiol6gica e ambiental.

Sabe-se que o0s gastos com alimentacao perfazem cerca de 70% do custo final de
producao de aves; e que desta parcela, o maior 6nus financeiro deve-se aos gastos com as
fontes proteicas (Franco et al., 2016). Ao contrario de carboidratos e lipidios, a proteina
fornecida em excesso ndo pode ser armazenada pelo organismo da ave, 0 que torna
necessaria a eliminacdo do nitrogénio pelo organismo na forma de &cido urico. O processo
de excrecdo do nitrogénio pelas aves envolve primeiramente a remog¢éao do grupo amino
dos aminoacidos em excesso. Este processo ocorre no figado e resulta na formacgéo do
ceto-acido referente ao aminoacido desaminado e na formacdo de aménia (Namroud et
al., 2008), cuja conversao em acido Urico resulta em gasto médio de energia de 6 mol de
ATP/mol de aminoacido (Macleod et al., 1997).

Aléem do gasto energético, a excrecdo de nitrogénio € indesejada sob a Optica
ambiental, haja visto seu potencial poluente no ar, no solo e nos recursos hidricos.
Temperaturas elevadas, comumente registradas em paises de clima tropical, favorecem a
volatilizacdo de uma fracdo do nitrogénio presente na excreta na forma de amdnia, que é

liberada no ar, sendo retida nas instalacdes e/ou liberada na atmosfera (Roberts et al.,



2007). Em contato com agua, a aménia pode resultar na eutrofiza¢éo de recursos hidricos,
levando a morte de ecossistemas aquaticos.

Frente aos maleficios acima citados, decorrentes da utilizacdo de dietas com
elevado teor de proteina bruta, é imperativo orientar a nutricdo proteica para maximizar
a eficiéncia de utilizag&o do nitrogénio dietético de maneira a tornar minima sua excrecao,
de forma a garantir adequados indices de produtividade em condi¢des de custo minimo.
A aplicacdo parcial do conceito de proteina ideal em formulagbes de dietas para aves
possibilitou a reducéo no aporte dietético de proteina bruta nos ultimos anos. Entretanto,
vale salientar que embora o fornecimento de ra¢cdes com menor teor de proteina bruta,
suplementadas com aminoacidos cristalinos, aumente a eficiéncia de utilizacdo do
nitrogénio dietético (Corzo et al., 2005), tal pratica deve ser adotada com critério em
funcao de limitagbes em sua aplicacdo como por exemplo a reducao no aporte nutricional
de nitrogénio, proveniente de amino&cidos ndo essenciais (Almeida et al., 2012).

Concomitante a reducédo proteica observa-se também a reducao do fornecimento
dietético de amino&cidos essenciais, que no caso de alguns aminoacidos essenciais, pode
ser corrigido pela sua suplementacéo na forma cristalina. Contudo, 0 mesmo néo ocorre
com aminodcidos considerados ndo essenciais, que em funcao do percentual de reducéo
proteica podem ser reduzidos a niveis marginais tornsadioiitantes na dieta. A
deficiéncia destes aminoéacidos pode favorecer a conversdo bioldgica de nitrogénio
essencial em nitrogénio ndo essencial (Novak et al., 2006), o que embora garanta
traducdo da proteina, limita sua ocorréncia a niveis abaixo do potencial maximo,
refletindo em menor desempenho da ave.

Percebe-se que os beneficios provenientes da ado¢&o do conceito de proteina ideal
na formulacdo de dietas para aves, quando confrontados com os efeitos deletérios

decorrentes da adocdo de tal pratica geram como principal resultado o seguinte



guestionamento: até quando € possivel reduzir a proteina bruta de dietas para galinhas
poedeiras sem prejudicar o desempenho da ave. Na tentativa de responder este
questionamento, faz-se necessario ndo somente o conhecimento exato das exigéncias
aminoacidicas das aves, como também o conhecimento da relagéo ideal entre nitrogénio
essencial e nitrogénio n&o essencial que maximiza a eficiéncia de utilizagéo no nitrogénio

dietético. Frente ao exposto objetivou-se com a conduc¢do do presente estudo avaliar 0s
efeitos da reducao da proteina bruta em dietas suplementadas ou ndo com nitrogénio ndo
essencial, assim como o efeito de diferentes relagdes nitrogénio essencial:nitrogénio nao

essencial sobre o desempenho e qualidade de ovos de galinhas poedeiras leves.
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Abstract

We conducted this study to evaluate the effects of reduction on dietary crude protein on
white commercial layer performance and egg quality. Hypothesizing that reduction on
crude protein would impair layer productivity, we supplemented diets in which crude
protein content was reduced with glutamic acid as a non-essential nitrogen tsource
determineits efficiency in warranting adequate productivity in layers fed low-protein
diets. Two hundred forty 4&-58-weeks-old Hy-Line W-36 hens were randomly
assigned to five treatment groups with eight replicates and six hens per experimental unit.
The treatments consisted of diets containing 170g (control diet), 150 and 130g crude
protein/kg, which corresponded to the essential nitrogen to non-essential nitrogen ratios
of 37/63, 42/58 and 47/53, respectively. The other two treatments consisted of the same
diets containing 150 and 130g crude protein/kg, but supplemented with 37.60 and 79.15g
glutamic acid/kg respectively in replacement to cornstarch to equal the essential nitrogen
to non-essential nitrogen ratio in control diet (37/63). Data were analyzed as one-way
ANOVA and means of treatments were compared using Tukey’s multiple comparison

test. Statistical significance was considered when P<0.05. Reduction on dietary crude

protein by 20g/kg elicited a decrease in egg weight and egg mass, wheresuction

on dietary crude protein by 40g/kg decreased feed intake, egg weight, egg mass and
albumen weight, beyond worsening feed conversion ratio per kilogram of eggs. Layers
fed diets with 150 and 130g crude protein/kg had similar performance and egg quality.
Glutamic acid-added diets with 150g crude protein/kg maintained similar layer
performance and egg quality to that observed in layers fed control diet. However, when
added to diets with 130g crude protein/kg, glutamic acid impaired layer performance and
egg quality, leading to the lowest means for variables assessed herein when compared

with all treatments. Feed conversion ratio per dozen of eggs and eggshell weight were



both unaffected by dietary treatments. Based on the results, the lack efseatial
nitrogen compromises layer productivity and glutamic acid may be considered as a
potential source of non-essential nitrogen when added in low concentration to low-protein
diets.

Keywords: commercial layers, crude protein, egg quality, essetatdtal nitrogen ratio,
performance.

Abbreviations: CP, crude proteinGlu, glutamic acid; EN, essential nitrogen; EN:NEN,
essential nitrogen to non-essential nitrogen; NEAA, non-essential amino acids; NEN,

non-essential nitrogen; SID, standardized ileal digestible.

1. Introduction

Since the major fraction of production cost is due to feed cost, the application and
development of nutritional strategies, which warrant maximum economic return, are
routinely one of the main concerns of poultry production industry. Protein sources are
well acknowledged as the most expensive component of poultry diets. In the past, diets
were formulated to meet commercial layer amino acid needs based on crude protein (CP)
concept, resulting in a dietary supply of essential amino acids higher than that required
by hens (Kumari et al. 2016).

Over the last decades, however, advances in molecular biologyg awtustrial
production techniques have contributed to enhance crystalline feed-grade amino acid
commercial availability at affordable prices, which consequently has led to changes in
poultry diet formulation. Crystalline amino acid supplementation in commercial layer
diets has shown to be an effective nutritional strategy to enhance nitrogen utilization and

save feed cost without compromising poultry performance (Dozier et al. 2011).



Although the advantages aforementioned, at certain point, reduction of di€tary
content inevitably harms poultry productive performance, even meeting all essential
amino acids requirements through crystalline amino acid supplementation (Namroud et
al. 2008; Hernandez et al. 2012). Silva et al. (2010) reported a linear decrease in egg
weight and egg mass value when dietary CP was reduced from 180 to 120g/kg diet, even
providing layer requirements for all essential amino acids.

Among causes which explain the failures of low-protein amino acid
supplemented-diets in reproducing similar performance to diets with higher CP content,
the lack of nitrogen pool to synthesize non-essential amino acids (NEAA) remains as the
most probable one (Awad et al. 2015). Studies have demonstrated that NEAA
supplementation may attenuate the deleterious effects of low-CP diets on broiler
performance (Corzo et al. 2005; Namroud et al. 2008; Awad et al. 2014).

Glutamic acid (Glu) is commonly supplemented in low-protein diets as a non-
essential nitrogen (NEN) source, but its supplementation in broiler low-protein diets has
proved to be not efficient in providing to birds similar performance to diets with a higher
CP content (Corzo et al. 2005; Awad et al. 2015). In such studies, however, Glu was not
supplemented to equal NEN content of low-protein to high-protein diet, but rather to
maintain both diets with the same Glu content. Therefore, in a different scenario, in which
Glu is added in low-protein diets in order to provide the same NEN content that high-
protein diet, low-protein diets supplemented with Glu may be efficient in reproducing
similar performance to diets with higher dietary CP.

Given this background, we hypothesized that the reduction on dietary CP would
lead to impairments in layer performance and egg quality traits; but by adding Glu to low-

CP diets such detrimental effects could be attenuated. Therefore, this experiment was



conducted to evaluate the effects of CP reduction on layer performance and egg quality

and the potentiality of Glu usage as a NEN source.

2. Material and Methods
All experimental procedures herein described were only adopted after approved
by the Universidade Federal de Vigosa Institutional Animal Care and Use Committee

(protocol no. 01/20156

2.1. Birds, husbandry and experimental design

Two hundred forty 42e-58-week-oldHy-Line W-36 laying hens (body weight of
1,505 + 45g) were used in the current study. The layers, obtained from a local commercial
flock, were housed in double curtain-sided room and allotted into 68 x 48 x 38cm (length
x height x depth) stainless steel cages (544wmn) equipped with a trough feeder and
three nipple drinkes: Eight replicate cages of six hens were randomly assigned to one of
five dietary treatments. Three diets differing only in their CP content were formulated to
meet or exceed Rostagno et al. (2011) recommendations: 170, 150 and 130g CP/kg diet,
except for CP. Diets in which CP was reduced were supplemented with crystalline amino
acids to meet all requirements for essential amino acids. Since only essential amino acids
were added to diets with 150 and 130 g CP/kg diet, three different EN:NEN ratios were
produced from experimental diets: 37/63 (170g CP/kg diet), 42/58 (150g CP/kg diet) and
47/53 (130g CP/kg digtFinally, the other two dietary treatments were obtained from the
diets containing 150 and 130g CP/kg diet, to which Glu wa added so that both diets had
equal EN:NEN (37/63) to control diet (170g CP/kg diet). Glutamic was added in
replacement to cornstarch. Dietary essential nitrogen content was calculated by

multiplying layer essential amino acid requirement described by Rostagno et al. (2011)
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by their respective nitrogen content. Total nitrogen was estimated by multiplying nitrogen

content of each feedstuff used in diet formulation by its inclusion. Finally, non-essential

nitrogen was obtained by the difference between total and essential nitrogen. Crystalline
amino acids were considered to be 100% SID. Throughout the 16-week feeding trial,
layers were managed according to HheLine W-36 Commercial Management Guide

(2016) and had free access to feed (mash form) and water. Photoperiod was set at 16L:8D.

2.2. Performance and egg quality measurements
Feed intake was measured every 28-day intervals throughout the experiment,

whereas egg production was daily recorded. All the eggs produced & #eand 3
day of the last week of each 28-day intervals were weighed to determine egg weight. Egg
mass was obtained by multiplying egg weight by egg production, and feed conversion per
kilogram of eggs (kg/kg) was calculated through the division of feed intake by egg mass.
Mortality was daily recorded in order to adjust feed intake, feed conversion and egg
production. At &, 5" and & day of the last week of each 28-day intervals all the eggs
produced were collected, identified, weighed and finally broken for egg quality trait
analyses. The yolks were manually separated from the albumen and weighed to obtain
the average yolk weight. The eggshells, previously identified, were dried in forced-
ventilation (55- 65C°) and weighed to determine the average eggshell weight. Albumen
weight was obtained through the difference between average egg weight, yolk and
eggshell weight.
2.3. Satistical analysis

Data were analyzed as one-way ANOVA using PROC GLM procedure of SAS
(SAS Institute Inc., Cary, NC). When dietary treatment was significant, means were

compared usinglukey’s multiple comparison test. Cages containing six hens were

11



considered as experimental units. Statistical model included experimental treatments as
fix effect and statistical significance wasisidered when P < 0.05.
3. Results

The effects of dietary treatments on layer performance and egg quality are detailed
in Table 2 and 3, respectively. Feed intake was higher (P<0.01) in layers fed diets with
170g CP/kg compared with those fed 130g CP/kg diet. However, no differences were
observed on feed intake of layers fed diets in which CP content was reduced (150 and
130g CP/kg diet). The supplementation of Glu in diets containing 130g CP/kg resulted
in the lowest (P<0.01) feed intake and egg production compared with all dietary
treatments. Reduction on dietary CP decreased (P<0.01) egg weight and egg mass
regardless of the level that dietary CP was reduced. However, Glu supplementation in
diets containing 150g CP/kg diet supported equal egg weight and egg mass values to diets
with 170g CP/kg diet. As well as observed for feed intake and egg production, layers fed
diets containing 130g CP/kg supplemented with Glu exhibited the lowest (P<0.01) egg
mass compared with all dietary treatments. Egg weight was similar between layers fed
diet 130g CP/kg regardless of the Glu supplementation. Reduction on dietary CP from
170 to 130g/kg, regardless of Glu supplementation, impaired (P<0.01) feed conversion
ratio per kilogram of eggs. Feed conversion ratio per dozen of eggs was unaffected by
dietary treatments. Albumen weight was lower (P<0.05) in layers fed diets containing
130g CP/kg diet supplemented or not with Glu compared with all dietary treatments,
whereas yolk weight was impaired (P<0.01) only by Glu-supplemented diets containing

130g CP/kg. Eggshell weight was unaffected by dietary treatments.

4. Discussion
Based on previous evidences that reduction on dietary CP content, at certain

levels, impairs layer productivity, and presuming that the lack of NEN is presumably the
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cause for such deleterious effects, we hypothesized that Glu supplementation in low-
protein diets (150 and 130g CP/diet) would support equal performance and egg quality to
control diet (170g CP/kg diet). Overall, reduction on dietary CP indeed impaired layer
productivity, once layers fed diets with 170g/kg showed higher egg weight and egg mass
versus those given diets with 150 and 130g CP/kg. Besides, the diets with 130g CP/kg
decreased feed intake and worsened feed conversion ratio per kilogram of eggs.

According to Aftab et al. (2006), the impaired productivity caused by reduction
on dietary CP may be due to several reasons, which include dietary potassium deficiency
and altered dietary electrolyte balance caused by reduction on soybean meal; deficiency
of amino acids due to incorrect supplementation of crystalline amino acids; feed intake
depression; and the deficit on dietary nonessential nitrogen supply. In the current study,
potassium carbonate was added to diets concurrently with the reduction on soybean meal
inclusion, in order to delay dietary potassium deficiency and to maintain all diets with
equal dietary electrolyte balance. Moreover, crystalline amino acids were added to diets
to meet the nutritional requirements of layers for all essential amino acids. Thus, we
expected to isolate the lack of NEN as the cause for depression on performance and egg
quality of layers fed low-protein diets.

In the current study, reducing dietary CP in 40g (from 170 to 130g/kg) elicited a
decrease by 2% in layer feed intake. CP supply has often been reported to influence both
broiler (Namroud et al., 2008) and layer (Novak et al. 2006; Shim et al. 2013; Praes et al.
2014) feed intake. Although experimental diets were formulated herein to be isoenergetic
on a metabolizable energy basis, it is possible that dietary CP level may have altered
dietary net energy concentration, which could have influenced layer feed intake
responses. Compared with carbohydrates and lipids, protein catabolism results in higher

heat production on organism, reflecting in a higher heat increment (Syafwan et al. 2011).
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Therefore, low-protein amino acid-supplemented diets assume a lower heat increment
and consequently a higher net energy value than those from diets with a higher CP
content. Once birds adjust feed intake to satisfy energy requirements (Ferket and Gernat,
2006), it is expected that the high dietary net energy concentration impacts negatively in
bird feed intake behavior. Intestinal absorption rate of free amino acids, commonly added
to low-protein diets, occurs faster than absorption of amino acids bound to peptides,
resulting in an excessive or imbalanced amino acid profile in plasma (Aftab et al. 2006).
This imbalanced amino acid profile in plasma copdd se depress feed intake, or the
ammonia derived from amino acid split in liver could serve as a trigger to activate
mechanisms of appetite control (Namroud et al. 2008).

Glu is an amino acid, which has been reported as the most predominant
neurotransmitter in the central nervous system involved in feed intake modulation. We
noticed that Glu-supplemented diets containing 150g CP/kg did not alter layer feed intake
response. However Glu-fed layers given diets with 130g CP/kg exhibited the lowest feed
intake comparing all dietary treatments, which suggests that when administrated in high
dietary concentration, Glu may interfere in layer feed intake. Our findings support
previous studies that demonstrated an anorexic effect of Glu in some avian species (Zeni
et al. 2000; Baghbanzadeh and Babapour 2007; Taati et al. 2011, Wang et al. 2012).

Presumably, the lower feed intake observed in layers fed diets containing 130g
CP/kg Glu-supplemented decreased nutrient intake, which underlies the poorer
performance comparing such group of layers with those fed other dietary treatments. Egg
weight was impaired by CP reduction. Similarly, previous studies also demonstrated a
negative correlation between egg weight and reduction of dietary CP for laying hens
(Almeida et al. 2012; Moussavi et al. 2013; Ji et al. 2014). Despite egg production not be

affected by diets, egg weight was impaired in layers fed 130g CP/kg diet. Such response
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resulted in lower egg mass values, which consequently worsened feed conversion ratio
per kilogram eggs.

Regarding egg quality, our results indicated that albumen weight appears to be
more sensitive than yolk weight in response to CP variation. Albumen is synthesized by
oviduct for a period of approximately 3 hours, during which, the ratio of aloumen protein
synthesis by magnum cells is twice times higher when compared with isthmus (Hiramoto
et al. 1990). Given this higher metabolic demand of magnum cells for amino acids in this
short period of time, providing either insufficient or imbalanced amino acid profile may
compromise albumen quality (Penz Jr and Jensen, 1991), as noticed in this current study.

Layers do not have a specific requirement for CP, which allow decreasing its
content in diets supplemented with crystalline amino acids. However, dietary CP should
be sufficient to ensure an adequate supply of nonessential amino acids (NRC, 1994).
Overall, our results indicate that the best layer performance and egg quality was achieved
in layers fed 170g CP/kg diet, which corresponded to a daily CP intake of 16.20g/hen.
Similarly, Rostagno et al. (2011) recommend a daily CP intake of 16.50g/hen for
optimum white commercial layers performance and egg quality, whereas Hy-Line W-36
management guide describes ideal daily CP intake faio-60-week-old layers in
approximately 15.50g/hen.

We noticed that Glu supplementation reproduced equal performance of layers fed
diets with 150g CP/kg to layers fed 170g CP/kg diet, which corroborates the previous
hypothesis herein raised that insufficient dietary NEN supply is responsible for the failure
in performance and egg quality of layers fed low-protein. However, contrary to what we
expected, beyond not warranting equal performance and egg quality in hens fed 130g

CP/diet to layers fed control diet, Glu supplementation resulted in the worst layer
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performance and egg quality among treatments, presumably due to depression in layer

feed intake, which suggests a possible limitation in Glu usage as NEN source.
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Table 1 - Analyzed and calculated composition of experimental diets (g/kg, as-fed).

Ingredients, g/kg

Crude protein (g/kg)

170 150 130 150+ Glu 130+ Glu

Corn (7.82%) 515.50 568.05 617.62 568.05 617.62
Soybean meal (45.20%) 232.87 202.88 163.17 202.88 163.17
Corn gluten meal (60%) 33.63 10.66 - 10.66 -
Soybean oil 11.16 6.00 - 6.00 -
Limestone 97.13 97.13 97.12 97.13 97.12
Dicalcium phosphate 11.66 11.93 12.27 11.93 12.27
Salt 261 261 2.60 2.61 2.60
Sodium bicarbonate 392 392 394 3.92 3.94
Potassium carbonate - 075 181 0.75 1.81
L-lysine HCI (78%) 0.97 2.08 3.39 2.08 3.39
DL-methionine (99%) 247 319 3.75 3.19 3.75
L-threonine (98%) 0.41 1.19 1.90 1.19 1.90
L-tryptophan (99%) 0.14 036 0.60 0.36 0.60
L-valine (96%) 0.46 152 246 1.52 2.46
L-isoleucine (98%) - 059 1.50 0.59 1.50
L-arginine (98%) - - 0.77 - 0.77
Glutamic acid (99%) - - - 37.60 68.00
Cornstarch 80.00 80.00 80.00 42.40 12.00
Mineral premix 1.00 1.00 1.00 1.00 1.00
Vitamin premix 1.00 1.00 1.00 1.00 1.00
Choline chloride 050 050 0.50 0.50 0.50

Calculated composition
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AMERn, kcal/kg
CP, g/kg
EN/NEN

Calcium, g/kg

2,800 2,800 2,800
170.0 150.0 130.0
37/63 42/58 47/53

40.20 40.20 40.20

Non-phytate phosphorous, g/ 3.00 3.00 3.00

Sodium, g/kg
Potassium, g/kg
Chloride, g/kg

DEB* mEg/kg

SID amino acids, g/kg
Lysine

Methionine + cysteine
Threonine
Tryptophan

Valine

Isoleucine

Arginine

Glycine + serine

Phenylalanine + Tyrosine

Histidine
Leucine
Analyzed composition

CP, g/kg

225 225 225

580 580 5.80

200 2.00 2.00

189.79 189.79 189.79

8.03 8.03 8.03

731 731 731

6.10 6.10 6.10

185 185 1.85

763 7.63 7.63

6.51 6.10 6.10

9.77 856 8.03

13.75 11.91 10.18

14.01 11.60 9.67

409 359 313

1554 12.69 10.76

170.98 151.04 130.91

2,800
170.14
37/63
40.20
3.00
2.25
5.80
2.00

189.79

8.03
7.31
6.10
1.85
7.63
6.10
8.56
1191
11.60
3.59

12.69

172.11

2,800
170.12
37/63
40.20
3.00
2.25
5.80
2.00

189.79

8.03
7.31
6.10
1.85
7.63
6.10
8.03
10.18
9.67
3.13

10.76

171.67

Provided per kilogram of diet: manganesé5.0 mg, iron - 50.0 mg, zinc - 60.0 mg;

copper - 10.0 mg, iodine - 0.80 mg, selenium - 0.30 mg and excipient.
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2Provided per kilogram of diet: vitamin A - 10,000 IU, vitamin D3 - 2,000 U, vitamin E

- 351U, vitamin K3 - 1.7 mg, vitamin B6 - 2.4 mg; vitamin B12 - 12 mg, pantothenic acid
- 12.0 mg, biotin - 0.07 mg, nicotinic acid - 35 g and excipient; 0.5 g choline chloride
(60%) and 0.01 g butylated hydroxytoluene/kg diet.

3Crude protein content of diets + crude protein of glutamic acid.

“Dietary electrolyte balance (Mogin, 1981)
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Table 2- Laying hen performance responses to dietary treatments.

Item
Crude Feed intake Egg. Egg =09 FCR FCR
protein N:NEN (g/hen/day) production weight (g) mass (kg/kg) (kg/dozen)
ratio (%) (g/kg) (g/day)

(9/kg)

170 37/43 95.28a 8612 64.97a 55.92a 1.70a 1.30
53.82b

150 42/58 94.45b 8562 62.84b c 1.76ab 1.31

130 47/53 93.37b 839%ab 62.49bc 52.41c 1.78b 1.32
55.29a

150 + Glu  37/43 94.2%b 8612 64.25a b 1.71a 1.30
130 + Glu  42/58 90.75c 812b 61.42c 49.90d 1.82b 1.33
SEM? 0.448 6.77 0.273 0.513 0.016 0.011
P-Value <0.01 <0.01 <0.01 <0.01 <0.01 0.209

Means within a column not followed by common superscript differ 0.05).
1EN:TN ratio = essential nitrogen to non-essential nitrogen ratio.
2FCR = feed conversion ratio.

SSEM: standard error of the mean.
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Table 3- Laying hen egg quality responses to dietary treatments.

ltem

Crude protein Albumen weight Yolk weight Egghell weight

EN:NEN! ratio (%)

(9/kg)

170 37/43 41.14a 17.59a 6.18

150 42/58 39.86ab 17.21ab 6.10

130 47/53 38.75hc 17.09ab 5.97

150 + Glu 37/43 40.67a 17.54ab 6.01
130 + Glu 42/58 37.65¢ 16.94b 5.95
SEM? 0.334 0.156 0.062
P-Value <0.05 <0.01 0.07

Means within a column not followed by common superscript differ 0.05).
1EN:NEN ratio = essential nitrogen non-essential nitrogen ratio.

2SEM: standard error of the mean.
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Dietary essential to non-essential nitrogen optimum ratio for white commercial layers
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Abstract

Theinsufficient dietary supply of non-essential nitrogen is assumed to be responsible for
the poor performance and egg quality of laying hens fed low-protein diets. In order to
determine the essential to non-essential nitrogen ratio, which warrants optimum
performance, and egg quality of laying hens we conducted the current study. Three
hundred sixty Hy-Line W-36 laying hens were randomly assigned to one of six dietary
treatments with ten replicates of six hens. A basal diet, formulated to contain a dietary
essential to non-essential nitrogen ratio of 55/45, was graded supplemented with a
mixture of crystalline non-essential amino acids (60% L-alanine, 20% L-glycine and 20%
L-glutamic acid) to produce four more diets with the ratios of 52/48, 48/52, 44/46 and
41/59. The sixth dietary treatment, herein referred as control group, consisted of a diet
formulated with a higher crude protein content with an essential to non-essential nitrogen
ratio of 41/59. Data were analyzed as one-way ANOVA and means of treatments were
individually compared with the control group Byinnett’s comparison test. Statistical
differences were detected when P < 0.05. Layers given dietary essential to non-essential
nitrogen ratios of 55/45 and 52/48 had lower egg weight and worsen feed conversion ratio
per kilogram of eggs compared with layers fed control diet. Egg mass was impaired only
when essential to non-essential nitrogen ratios reached the 55/45. Egg quality was
unaffected by dietary treatments. Based on results, the dietary essential to non-essential
nitrogen ratio for laying hens must not reach 48/52.

Keywords: laying hens, L-alanine, L-glutamic acid, L-glycine

Abbreviations: CNEAA, crystalline non-essential amino aci@?, crude proteinGlu,

glutamic acid; EN, essential nitrogen; EN:NEN, essential nitrogen to non-essential
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nitrogen; NEAA, non-essential amino acids; NEN, non-essential nitrogen; SID,
standardized ileal digestible.
1. Introduction

Given the economic input, that protein sources represent on poultry feed cost;
researches have been extensively focused, over the last decades; on evaluatingriaying
responses to reduction on dietary crude protein (CP) content. In general, the results
provide clear evidences that, at some point, the decrease in dietary CP supply inevitably
harms hen performance and egg quality, even when all requirements for essential amino
acid are met (Silva et al. 2010; Moussavi et al. 2013; Ji et al. 2014; Viana et al. 2014).

Based on published reports (Aftab, 2006; Namroud et al. 2008), we designed a
study trying to isolate factors, which are recognized for impairing performance of hens
fed decreasing CP supply, such as deficit on dietary essential amino acid supply and
nutritional deficiency of potassium, in order to prove whether the low supply of non-
essential nitrogen (NEN) explains poor hen performance. Indeed, we found evidences
linking low NEN content in diet to impairments in performance and egg quality of laying
hens fed low-protein diets (Viana et al. 2015).

The balance between dietary essential nitrogen (EN) and NEN is strongly
correlated to the efficiency with which nitrogen is used by hen organism for maintenance,
body protein accretion and egg protein synthesis. Thus, beyond proving that deficit on
dietary NEN supply depresses poultry productivity is essential to better explain layer
responses to low-protein diets, also establishing the essential nitrogen to non-essential
nitrogen (EN:NEN) ratio which warrants optimum performance and egg quality of laying
hens has its importance in protein and amino acid nutrition of laying hens. In previous
research, we showed that increasing EN:NEN ratio from 37/63 to 42/58 decreased only

white commercial layer egg weight and egg mass. However, we also noticed that layers
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fed diets with a EN:NEN ratio of 47/53, beyond showing lower egg weight and egg mass,
also had feed intake depressed and poorer feed conversion ratio per kilogram of eggs
versus those given diets containing EN:NEN ratio of 37/63 (Viana et al. 2015).

Although the study aforementioned gives an idea of the detrimental effects of
decreasing NEN in diets, it is not conclusive in determining the ideal balance between
EN and NEN on laying hen diets. Therefore, we conducted this study to determine the

EN:NEN optimum ratio for white commercial layers in the egg-laying phase.

2. Material and methods
All experimental procedures herein described were only adopted after approved
by the Universidade Federal de Vigosa Institutional Animal Care and Use Committee

(protocol no. 01/20156

2.1. Experimental diets

A basal diet was formulated based on corn and soybean meal to contain 2,900 kcal
AMEN/kg and 139.5g CP/kg. Additionally, crystalline amino acids, mineral and vitamin
sources were added to basal diet in order to provide all nutritional requirements described
by Rostagno et al. (2011) for white commercial layers in the egg-laying phase. Basal diet
was assumed to contain a dietary EN/NEN ratio of 55/45. The estimate of dietary EN
content was obtained by multiplying hen requirement for essential amino acids by their
respective nitrogen content, whereas total nitrogen was estimated by multiplying nitrogen
content of each feedstuff by its respective inclusion in diet. Finally, NEN was obtained
through the difference between total and essential nitrogen. Other four dietary treatments
were obtained from basal diet, which has its cornstarch amount graded replaced by a

crystalline non-essential amino acid (CNEAA) mixture to produce dietary EN/NEN ratios
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of 52/48, 48/52, 44/46 and 41/59. The aforementioned CNEAA mixture added to basal
diets to produce dietary treatments was compounded by 60% of L-Alanine, 20% of L-
Glycine and 20% of L-Glutamic acid. Additionally, a sixth diet, with a higher CP content
(180g CP/kg), was formulated to meet or exceed white commercial layer nutritional
requirements (Rostagno et al., 2011) and contain equal dietary EN/NEN ratio to the diet
with the higher inclusion of the CNEAA mixture (41/59). Crystalline amino acid assumed

to have 100% SID.
2.2. Experimental design and husbandry

Twenty-six-week-old Hy-Line W-36 laying hens were selected according to
initial body weight from a local commercial flock and housed in double curtain-sided
room. For two weeks, all the hens were individually housed and had their egg production
rate daily measured. Finally, at 28-week-old, the hens with similar egg production were
weighed and assigned to treatment groups so that body weight and egg production were
similar among dietary treatments. Ten replicates with six hens each were randomly
assigned to each of six dietary treatments (n = 360). The hens were allocated in 68 x 48
x 38 cm (length x height x depth) stainless steel cages, which provided Sl
the cages were equipped with two nipple drinkers and a trough feeder, which provided
hens free access to water and feed (mash form) throughout the 16-week feeding trial. The
minimum and maximum average daily room temperatures recorded throughout the
experiment were 2% 3°C and 33 2°C, respectively. Photoperiod was set 16L:8D.

2.3. Performance and egg quality measurements

Feed intake was measured every 28-day intervals throughout the experiment,
whereas egg production was daily recorded. All the eggs produced &t #eadnd ¥
day of the last week of each 28-day intervals were weighed to determine egg weight. Egg

mass was obtained by multiplying egg weight by egg production, and feed conversion per
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kilogram of eggs (kg/kg) was calculated through the division of feed intake by egg mass.
Mortality was daily recorded in order to adjust feed intake, feed conversion and egg
production. At &, 5" and &' day of the last week of each 28-day intervals all the eggs
produced were collected, identified, weighed and finally broken for egg quality trait
analyses. The yolks were manually separated from the albumen and weighed to obtain
the average yolk weight. The eggshells, previously identified and overnight dried in
forced-ventilation (55 65C°) were weighed to determine the average eggshell weight.
Finally, albumen weight was obtained through the difference between average egg
weight, yolk and eggshell weight.
24. Satistical Analysis

All collected data were analyzed as one-way ANOVA using PROC GLM procedure
of SAS (SAS Institute Inc., Cary, NC). When detected differences, the group of hens fed
diet containing 180g CP/kg and EN:NEN ratio of 41/100 was individually compared with
the other groupsising Dunnett’s comparison test. Cages containing six hens were
considered as experimental units. Statistical model included experimental treatments as

fix effect and statistically sigficance were considered for P < 0.05.

3. Results

The effects of EN:NEN on laying hen performance and egg quality are detailed in
Table 2 and 3, respectivelgssential nitrogen to non-essential nitrogen ratios equal or
higher than 52/48 decreased (P<0.05) egg weight and resulted in poorer (P<0.05) values
of feed conversion ratio per kilogram of eggs. Egg mass, however, was only decreased
(P<0.05) when the increase in EN:NEN ratio reached the value of 55/45. Feed intake, egg
production and feed conversion ratio per dozen of eggs, as well as egg quality traits, wer

unaffected by EN:NEN ratios.
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4. Discussion

Warranting the ideal balance between dietary essential amino acid profile and that
required for maintenance and growth determines the efficiency of protein utilization and
reflects on animal performance (Peres and Oliva-Teles, 2006). Based on such assumption,
poultry requirements for essential amino acid have been met in more precise levels by
adding crystalline essential amino acids to diets with reduced CP content. However, as
well as diets must provide animals the amount of essential acids required for optimum
performance, they must also supply an adequate amount of nitrogen from NEAA to
ensure maximum nitrogen retention.

Since NEN sources are bound to dietary protein, it is expected that low-protein diets
fortified with crystalline EAA contain lower NEN content, and therefore a higher
EN:NEN ratio. In such cases, when nitrogen from NEAA like glutamic acid, glycine,
proline and alanine become limiting in diets, essential amino acids may be used for non-
essential purposes, which could limit protein synthesis (Novak et al. 2006; Saki et al.
2012).

In the current study, we formulated a basal diet with low CP content and high
EN:NEN ratio (55/45), which were replicated and graded supplemented with a CNEAA
mixture until obtaining a diet with low EN:NEN ratio (41/59), which in turn should
represent a practical diet with a higher CP content. Additionally, a high-protein diet was
formulated in order to reproduce the lower EN:NEN (41/59) obtained by adding
crystalline non-essential amino acids mixture to the basal diet. Then, we expected that the
results obtained from the current study could clarify important questions like: 1) how far
dietary fraction of NEN can be decreased without compromising layer performance; and

2) whether diets formulated according to different methodologies (high-protein versus
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low-protein diets supplemented with NEAA) could promote equal layer performance and
quality.

As we previously hypothesized, increased EN:NEN ratios impaired some layer
performance characteristics. Egg production was unaffected by EN:NEN ratios, contrary
to egg weight. Layers given diets in which dietary EN:NEN ratios reached values equal
or higher than 52/48 had lower egg weight and worse feed conversion ratio per kilogram
of eggs when a comparison is made with layers fed control diet. These results support
previous findings that reduction on CP with the correspondent increase of EN:NEN are
more damaging to egg weight when compared to egg production (Silva et al. 2010; Viana
et al. 2014; Viana et al. 2015). In the current study, the results suggest that the dietary
ratio EN:NEN ratio for layers must not exceed 48/52 to avoid performance impairments.
These results are in agreement with those reported by Maia et al. (2017), who observed
broiler performance impairments when EN:NEN ratios exceeded 50/50.

Contrary to we observed in a previous researches (Viana, 2014; Viana, 2015) and
some published reports (Shim et al. 2013) feed intake was unaffected by decreasing in
dietary CP supply and increasing in EN:NEN ratios. The intestinal absorption and
metabolism of the free amino acids occurs faster when compared with amino acids bound
to peptides (Aftab et al. 2006). Once in blood stream, the pool of free amino acids may
cause an imbalanced plasma amino acid profile, which could depress feed intake (Austic
et al. 2000). When a comparison is established between layers fed control diet with those
fed equal EN:NEN ratio (41/59), we noticed no differences in performance characteristics
assessed. This outcome suggests that the NEN from the CNEAA mixture and the nitrogen
bound to dietary protein had equal efficiency of utilization, which may explain the reason
why adding CNEAA mixture to layer diets have not interfered in layer feed intake as

reported in literature. Published reports involving NEN supplementation in broiler diets
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also demonstrate that supplying more than one NEAA in low-protein diets, instead of
adding a specific amino acid, promotes better performance beyond enhancing efficiency
of nitrogen utilization (Corzo et al. 2005; Awad et al. 2014)

No effects of dietary treatments were observed on egg quality traits. Despite not
reaching statistical significance, aloumen weight in layers fed EN:NE ratios of 52/48 and
55/45 and were lower when compared with control group (41/59). Such numerical
differences presumably may have led to the lower egg weight values observed in layers
fed diets formulate to contain the aforementioned EN:NE ratios.

In the current study, we used Hy-Line W-36 hens from 28 to 44 weeks of age.
According to genetic strain management guide, the recommendation of daily CP supply
is around 157.50g, whereas Rostagno et al. (2011) recommends 165g. Our results
demonstrated that dietary EN:NEN ratios for laying hens must not reach 48/52. On crude
protein basis, the ratio aforementioned corresponded to the level of 161.15g/kg diet,

which provided hens a daily CP intake of 149.92 g CP/kg diet. In conclusion,
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Table 1 - Calculated composition of experimental diets (g/kg, as-fed).

Ingredients, g/kg Essential nitrogen to non-essential nitrogen ratios
41/59
41/59 44/56 48/52 52/48  55/45
(control)
Corn (7.82%) 545.36 632.58 632.58 632.58 632.58 632.58

Soybean meal (45.20%) 24661 123.33 123.33 123.33 123.33 123.33
Corn gluten meal (60%) 3900 26.20 26.20 26.20 26.20 26.20
Soybean oil 37.88 13.48 13.48 13.48 13.48 13.48
Limestone 102.34 102.27 102.27 102.27 102.27 102.27

Dicalcium phosphate 12.63 13.85 13.85 13.85 13.85 13.85

Salt 208 075 075 075 075 075
Sodium bicarbonate 531 729 729 729 729  7.29
Potassium carbonate ] 358 358 358 358 358
L-lysine HCI (78%) 118 513 513 513 513 513

DL-methionine (99%) 267 413 413 413 413 413

L-threonine (98%) 050 250 250 250 250 250
L-tryptophan (99%) 018 090 090 090 090  0.90
L-valine (96%) 055 311 311 311 311 @ 3.11
L-isoleucine (98%) ; 208 208 208 208 2.08

L-arginine (98%) ; 213 213 213 213 213

CNEAA mixturée* (99%) } 51.75 35.97 22.43 10.79 -

Cornstarch } 1.25 17.03 30.57 42.21 5.30
Mineral premix 1.00 1.00 100 100 1.00 1.00
Vitamin premix@ 1.00 1.00 100 100 1.00 1.00

Choline chloride 0.40 0.40 0.40 0.40 0.40 0.40
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Calculated composition
AMERN, kcal/kg

CP, g/kg

EN/TN ratio

Calcium, g/kg

Non-phytate phosphorou

a/kg

Sodium, g/kg
Potassium, g/kg
Chloride, g/kg

DEB® mEq/kg

SID amino acids, g/kg
Lysine

Methionine + cysteine
Threonine
Tryptophan

Valine

Isoleucine

Arginine

Glycine + serine

Phenylalanine + Tyrosine

Histidine
Leucine
Analyzed composition

CP, g/kg

2900 2900 2900 2,900 2,900 2,900

181.00 189.47 174.23 161.15 149.92 139.50
41/59 41/59 44/56 48/52

52/48  55/45

42.30 4230 4230 4230 4230 42.30

3.23 3.23 3.23 3.23 3.23 3.23

2.42 2.42 2.42 2.42 2.42 2.42
6.24 6.24 6.24 6.24 6.24 6.24
2.15 2.15 2.15 2.15 2.15 2.15

204.20 204.20 204.20 204.20 204.20 204.20

8.66 8.66 8.66 8.66 8.66 8.66
7.88 7.88 7.88 7.88 7.88 7.88
6.58 6.58 6.58 6.58 6.58 6.58
1.99 1.99 1.99 1.99 1.99 1.99
8.23 8.23 8.23 8.23 8.23 8.23
6.98 6.58 6.58 6.58 6.58 6.58
10.41 8.66 8.66 8.66 8.66 8.66

1470 19.80 17.00 14.29 11.96 9.80

15.07 10.22 10.22 10.22 10.22 10.22

4.37 3.02 3.02 3.02 3.02 3.02

16.81 1236 1236 1236 1236 12.36

185.90 191.80 179.95 167.75 151.45 140.10
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ICrystalline non-essential amino acids mixture (60% alanine, 20% glycine and 20%
glutamic acid): 965.6g CP/kg. Crystalline amino acids were assumed to have 100% SID.
2Provided per kilogram of diet: manganesé5.0 mg, iron - 50.0 mg, zinc - 60.0 mg;
copper - 10.0 mg, iodine - 0.80 mg, selenium - 0.30 mg and excipient.

3Provided per kilogram of diet: vitamin A - 10,000 IU, vitamin D3 - 2,000 IU, vitamin E

- 351U, vitamin K3 - 1.7 mg, vitamin B6 - 2.4 mg; vitamin B12 - 12 mg, pantothenic acid

- 12.0 mg, biotin - 0.07 mg, nicotinic acid - 35 g and excipient; 0.5 g choline chloride
(60%) and 0.01 g butylated hydroxytoluene/kg diet.

4Crude protein content of diets + crude protein of crystalline amino acids.

°Dietary electrolyte balance (Mogin, 1981).
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Table 2— Performance of laying hens fed different essential nitrogen to non-essential

nitrogen ratios.

Egg Egg
Feed intake Egg mass FCR FCR
EN:NEN! ratio production  weight
(g/hen/day) (g/day) (kg/kg) (kg/dozen)
(9/kg) (9
41/59 (control) 92.66 935 59.44a 55.95a 1.67a 1.12
41/59 92.30 931 58.03a 54.03a 1.7l1a 1.15
44/56 93.49 937 57.96a 54.33a 1.72a 1.15
48/52 93.79 938 58.08a 54.47a 1.72a 1.15
52/48 93.70 939 57.27b 53.77a  1.74b 1.15
55/45 92.47 914 56.90b 51.97b 1.78b 1.13
SEM® 0.696 8.14 0.512 0.657 0.020 0.015
P-value
Diet effect 0.99 0.24 <0.01 <0.01 <0.01 0.99

Means within a column not followed by common superscript diffes 0.05).

1EN:NEN ratio = essential nitrogea non-essential nitrogen ratio.

2FCR = feed conversion ratio.

3SEM: standard error of the mean.
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Table 3— Egg quality of laying hens fed different essential nitrogen to non-essential

nitrogen ratios.

EN:NEN ratio Albumen weight (g, Yolk weight (g) Eggshell weight (g
41/59 (control) 38.71 15.70 5.38
41/59 37.29 15.65 5.40
44/56 37.37 15.88 5.36
48/52 37.41 16.00 5.40
52/48 37.25 15.90 5.39
55/45 36.60 15.71 5.35
SEM 0.481 0.158 0.062
P-value
Diet effect 0.06 0.99 0.99

1EN:TN ratio = essential nitrogen to non-essential nitrogen ratio.

2SEM: standard error of the mean.
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Vigosa, 27/02/15
CERTIFICADO

A comssdo de ética no uso de animais de produgdo da universidade federal do
vigosa certifica que o processo n® 01/2015, intitulado “Relacdes nitrogénio essencial
: nitrogénio tetal em dictas formuladas com conceito de proteina ideal para
galinhas poedeiras leves™, coordenado pelo prof(a). Melissa 1zabel Hannas, csti de
acordo com os principios dticos da experimeniagio animal, esmbelecido pelo
Consclho Nacional de Controle de Experimentacio Animal - CONCEA ¢ com a
legislagdo vigente, tendo sido aprovade por esta Comissdo em 12/Fev/2015,
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CERTIFICATE

The ethic commission in use of production animals of universidade federal de
vigosa certifies that the process number 0172015, named “Essential nitrogen : total
nitrogen ratios on diets formulated based on ideal protein concept for laying
hens™, coordinated by prof(a). Melissa Izabel Hannas, is in agreement with the
Ethical Principles for Animal Research established by the National Council of Animal
Experimentation Control (CONCEA} and with actual Brazilian legislation, and was
approved by this commission on Feb, 12th, 2015,

Mirio Luiz Chizzotti
Coordenador da CEUAMUFY
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