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DOSE RESPOSTA A NiVEIS CRESCENTES DE DL-2-HIDROXI-4-METIL-
TIO-BUTANOICO SOBRE O DESEMPENHO ZOOTECNICO E RENDIMENTO
DE CORTES COMERCIAIS DE FRANGOS DE CORTE NO PERIODO DE 28
A 42 DIAS DE IDADE

Autor: Cesar Augusto Pontin
Orientador: Sergio Luiz Vieira

RESUMO - Esta dissertacdo teve como objetivo avaliar o desempenho
zootécnico e rendimento de cortes comercias de frangos de corte no periodo de
28 a 42 dias de idade utilizando niveis crescentes de DL-2-hidroxi-4metil-tio-
butandico 88% (HMTBA) como fonte de suplementacdo de metionina (MET) na
dieta. Foram alojados 2.106 frangos de corte machos Cobb x Cobb 500 com 1
dia de idade, distribuidos aleatoriamente em 81 boxes (1,65 x 1,65 m) com 26
aves cada, recebendo uma dieta padréo para todos. Aos 28 dias, os boxes foram
rearranjados de modo que nao houvesse diferenca no peso vivo entre 0s
tratamentos. Um delineamento completamente casualizado foi utilizado para
gerar curvas de regressdo de respostas zootécnicas em funcdo da
suplementacdo com HMTBA. Uma dieta basal, sem adicdo de HMTBA, foi
formulada a base de milho, farelo de soja e farinha de carnes. Esta dieta
apresentava 3.200 kcallkg e 19,35% de proteina bruta, sendo 0,52% de
metionina e cisteina digestivel (Met + Cis dig.), 0,95% de lisina digestivel (dig).,
0,64% de treonina dig., 0,78% de valina dig., 0,69% de isoleucina dig., 1,50% de
leucina dig., 1,16% de arginina dig. e 0,18% de triptofano dig. Oito niveis de
suplementacdao de HMTBA foram adicionados a dieta basal (0,07; 0,14; 0,21,
0,28; 0,35; 0,42; 0,49 e 0,56% de inclusdo na dieta). Avaliou-se o desempenho
zootécnico dos 35 aos 42 dias de idade. Aos 42 dias 6 aves por unidade
experimental foram abatidas para avaliacdo de rendimento de carcaca e cortes
comerciais. As respostas de ganho de peso (GP), conversao alimentar, (CA),
rendimento de peito e gordura abdominal tiveram ajustes quadraticos com a
inclusdo de HMTBA na dieta. Estimativa de respostas maximas para
suplementacdo de HMTBA foram de 0,35% para GP, de 0,37% para CA, 0,33%
para gordura abdominal e 0,35% para rendimento de carne de peito. O presente
estudo fornece dados de regressao para aqueles que utilizam HMTBA como um
suplemento dietético de MET.

Palavras-chave: Avicultura, Nutricdo, Metionina analoga.

IDissertacdo de Mestrado em Zootecnia — Producdo Animal, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (82 p.) Marco, 2016.



DOSE RESPONSE TO INCREASING DIETARY LEVELS OF 2-HYDROXY-4-
(METHYLTHIO)-BUTANOIC ACID ON LIVE PERFORMANCE AND
CARCASS YIELDS OF BROILERS FROM 28 TO 42 DAYS OF AGE

Author: Cesar Augusto Pontin
Advisor: Sergio Luiz Vieira

ABSTRACT - This dissertation aimed to evaluate the performance and
commercial cuts yield of broilers from 28 to 42 days of age by increasing levels
of methionine hydroxy analogue 88% (HMTBA) as a source of methionine (MET)
supplementation in the diet. A total of 2,106 male broilers Cobb x Cobb 500 were
housed with one day of age, receiving a standard diet for everyone. At 28 days,
birds were rearranged to have no difference in body weight among treatments. A
completely randomized design was used to calculate equation regression of
growth performance in response to HMTBA supplementation. A basal diet without
adding HMTBA, was made from corn, soybean meal and meat meal. This diet
had 3,200 kcal / kg and 19.35% crude protein, with 0.52% of digestible
methionine and cysteine (dig. Met + Cis ), 0.95% dig. lysine , 0.64% of dig.
threonine, 0.78% to dig valine., 0.69% to dig isoleucine., 1.50% of dig. leucine,
1.16% of dig arginine and 0.18% of dig. tryptophan. Eight HMTBA
supplementation levels were added to the basal diet (0.07, 0.14, 0.21, 0.28, 0.35
0.42 0.49 and 0.56% of inclusion in diet). Growth performance was evaluated
from 35 to 42 days. In adittion, six birds per pen were slaughtered at 42 days to
evaluate carcass and commercial cut yields. The body weight gain (BWG), feed
conversion ratio (FCR), breast meat and abdominal fat yields were quadratic fits
with the inclusion of dietary HMTBA. Maximum responses estimated using
HMTBA supplementation were estimated at 0.35% for BWG, 0.37% for FCR,
0.33% for abdominal fat and 0.35% for breast meat yield. The present study
provides regression data for those using HMTBA as a MET dietary supplement.

Key words: Aviculture, Nutrition, Methionine analogue.

2 Master of Science dissertation in animal Science, Faculdade de agronomia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (82 p.) March, 2016.
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INTRODUCAO

Aminoacidos (AA) sintéticos séo utilizados em racdes de frangos de
corte ha muitos anos para reduzir a quantidade de AA em excesso na dieta,
visando minimizar o custo de producdo e permitir a ave expressar o seu real
potencial genético (Vieira e Angel, 2012). Essa suplementacdo pretende
maximizar os indices zootécnicos, bem como melhorar os rendimentos de cortes
comerciais, especialmente da carne de peito. A concentracdo de AA dietéticos
gue maximiza o ganho de peso vivo (GP), a conversao alimentar (CA) ou o
rendimento de carne de peito sdo diferentes. Por exemplo, o nivel de
aminoacidos sulfurados totais (AAST) 6timo para o rendimento da carne de peito
tem se mostrado mais elevado que o recomendado para rendimento de carcaca
inteira, CA ou GP.

A metionina (MET) tem um papel importante na sintese proteica e
também uma ampla interacdo com a exigéncia de mantenca, além de ser a
principal fonte de enxofre para a sintese de outros componentes (Maenz e
Engele-Schaan, 1996). Esse AA é o primeiro limitante em frangos de corte
alimentados com dietas a base de milho e farelo de soja. Portanto, essas dietas
sdo comumente suplementadas com DL-metionina (DL-MET) na forma po com
99% de MET ou DL-2-hidroxi-4-metil-tio-butandico (HMTBA) com 88% de
substancia ativa. A HMTBA é similar a DL-Met, exceto por conter em sua
composi¢ao um grupo hidroxilia ao invez de um grupo amino, considerada entéo
como um acido organico (Boebel e Baker, 1982). Por isso, a HMTBA néo é
considerada um AA, necessitando ser convertida em D-aminoacido (dextrogiro)
e/ou L-aminoacido (levégiro). Apenas a forma L-aminodacido é utilizada para a
sintese proteica pelas aves, assim as formas D-aminoacidos devem ser
convertidas para L-aminoacidos por duas reacdes, oxidacdo do alfa-carbono
para céto-analogo e transaminacao do céto-analogo para L-aminoacido (Dibner,
2003).

Em comparacéo com todos os outros AA produzidos por fermentacao
de microrganismos geneticamente modificados, a MET é obtida através de
sintese quimica. Esta sintese resulta numa mistura racémica de 50% D e 50%
de L-metionina. No entanto, a MET € o Unico AA em que o0s dois estereoisémeros
D e L sao utilizados quase da mesma intensidade por todos 0s animais Vivos.
Além disso, a sua forma hidroxi-analogo pode ser totalmente convertido em L-
metionina para participar da sintese proteica (Vazquez-Anon et al., 2006).

Usualmente, a exigéncia de AAST é estabelecida baseada nas
respostas obtidas com DL-Met. Erros sdo observados, pois formuladores usam
estes dados para dietas formuladas com HMTBA como fonte de MET. Diante da
importancia da MET nas dietas de frangos de corte, tornam-se indispensaveis
estudos quanto a eficiéncia das fontes disponiveis no mercado. Dessa forma,
objetivou-se avaliar a suplementacdo de HMTBA para a fase final de frangos de
corte, determinando nivel para obter melhor desempenho e rendimento de cortes
comerciais.
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REVISAO BIBLIOGRAFICA

Digestéo da proteina e absor¢cdo dos aminoacidos

A digestdo da proteina da dieta envolve diversas interagfes entre
estbmago glandular (proventriculo) e muscular (moela), terminando com o
transporte de AA e peptideos pela membrana basolateral do intestino delgado
(D'mello, 2003). A digestdo gastrica inicia com a secrec¢do de &cido cloridrico
(HCI) pelas células oxintopepticas do proventriculo (D'Mello, 2003). Quando
secretada na forma de zimogénio e ativada pelo HCI, a pepsina promove a
guebra as estruturas terceéarias e quartenarias das proteinas, facilitando a acéo
das endopeptidases pancréticas presentes no intestino delgado (Guan e Green,
1996). A principal funcéo da digestdo no proventriculo é quebrar a proteina em
polipeptideos.

Apos a digesta passar pelos estbmagos ela segue para os intestinos
onde glandulas anexas auxiliam na digestdo. O pancreas € responsavel pela
secrecdo de diversas enzimas proteoliticas, como: tripsinogénio, Elastase,
qguimiotripsinogénio e procarboxipeptidase A e B (Erickson et al., 2015). A
enteroquinase (liberada pela presenca de proteinas desnaturadas no intestino)
ativa a tripsina, que por sua vez, ativa outros zimogénios (quimiotripsinogénio e
procarboxipepridase A e B) (D'Mello, 2003). Ao final da digestdo pancreatica séo
encontrados oligopeptideos com até seis aminoacidos (aproximadamente 60%)
e aminoacidos livres (aproximadamente 40%) (Evenepoel, 2001).

A Ultima fase de digestéo € realizada pelas peptidases citosolicas na
membrana em forma de escova no intestino delgado. As endopeptidases sao
capazes de quebrar os oligopeptideos da digestdo pancreatica em menor
namero de aminodacidos. Estas enzimas estdo presentes no enterocito, na regido
apical e no citosol (Freeman e Kim, 1978). Muitos tri e dipeptideos sé&o
absorvidos intactos pelos enterdcitos e clivados por estas enzimas (D'mello,
2003).

Peptideos e aminoacidos presentes no citosol dos enterécitos podem
ser incorporados as proteinas das células, metabolizado dentro do epitélio do
intestino delgado ou transportado através da membrana basolateral, chegando
a circulacao hepatica através da veia porta (D'Mello, 2003). No figado, parte dos
AA séo fixados pelas células hepaticas e o restante é liberado na corrente
sanguinea formando um pool extracelular de AA livres. Nos tecidos, apos
absorvidos pelas células, sdo convertidos em outros metabdlitos ou ligam-se a
um RNA tranpostador especifico para ser utilizado na sintese protéica no
ribossomo (Rathmacher, 2000).

Metabolismo da Metionina

A MET desempenha inumeras fun¢des no organismo animal. Possui
participacdo importante na sintese proteica, proporcionando melhores
rendimentos de carcaca e de peito, além de reduzir o teor de gordura abdominal
(Rodrigueiro et al., 2000). Também tem um papel importante na manutencao do
organismo.

A MET é precursora de diversos compostos. Seu metabolismo
comegca com O processo de metilagdo, com a sua ativagdo a S-
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adenosilmetionina, (SAM) pela enzima metionina-adenosiltransferase (MAT)
(figura 1), (Bydlowski et al., 1998). A SAM € um cofator enzimético envolvido na
transferéncia de grupo metllo 0 que é importante, por exemplo, na sintese de
colina (forma a lecitina) e creatina (aminoacido nao proteico). A introducao de
um grupo metila altera a estrutara da molécula metilada e consequentemente
sua funcdo. O DNA por exemplo sofre metilagédo, e € através dessa metilacao
gue o gene se manifesta ou ndo. O produto da desmetilacdo da SAM ¢é a S-
adenosil-homocisteina, Unico precursor de homocisteina (aminoacido sulfurado
ndo formador de proteinas). A homocisteina formada pode seguir duas vias:
transulfuracdo ou remetilacdo (Nerbass et al., 2005). A remetilacéo € o retorno
da homocisteina em metionina, processo realizado através da acao de duas
enzimas: metionina-sintetase e a betaina-homocisteina-metiltransferase.
(Stipanuk e Ueki, 2011). Outra via da homocisteina é a transulfuracéo, processo
pelo qual ha formacao da cisteina (CIS). A homocisteina fornece um um grupo
S (enxofre) para a L-serina, (através da acéo da enzima cistationina 3-sintetase
e vitamina Be) formando uma molécula de cisteina (Brosnan e Brosnan, 2006).

A CIS esta presente na constituicdo de muitas proteinas como a
gueratina. No caso das aves € o principal constituinte das penas, um dos fatores
da MET ser principal limitante na dieta de frangos. Imunoglobulinas, compostas
por duas cadeias de enxofre, tem um papel importante no sistema imune, através
da neutralizacdo de toxinas e opsonizacdo de antigenos. Insulina, formada
através de ligacdes de dissulfeto, esta proteina € de extrema importancia para
sintese de proteinas e armazenamento de lipidios. Além das funcdes ja citadas,
a CIS ainda participa da formacéo de cistina pela juncdo de duas moléculas de
CIS atraves de seus grupos S. A CIS é utilizada na sintese de varios compostos
contendo enxofre incluindo a taurina, um aminoacido que participa na formacéo
do &cido biliar (importante na digestao de lipideos). Também atua na formacao
de glutationa (um tripeptideo) juntamente com a glicina e o glutamato. A
glutationa é um antioxidante mais frequente nas células das aves.

F'mtelna da Dieta

Serina Mellonlna MAT
Gllc:ma Tetra- S -Adenosil
M, N-dimetil metionina
hldrcl‘olam\ glicina Aceptor
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4// S-Adenosil-

metilado
Betlaina
s SN e
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Figura 1. Via de metabolismo da metionina.
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Fontes de Metionia

A inclusdo do aminoacido MET nas dietas de frangos de corte, iniciou-
se a partir da década de 70. As fontes deste aminoacido encontradas em escala
industrial hoje no mercado sdo: A DL-MET e a DL-2-hidroxi-4-meti-butandico
(HMTBA). DL-MET é um produto em p6 com a cor branca contendo 99% de
substancia ativa, que é a fonte usualmente empregada como padrdao na
comparacao de fontes de metionina. Seu peso molecular é 149,2 g/mol e sua
forma molecular € C5SH11NO2S. A HMTBA é um liquido de cor escura contendo
88% de metionina na sua forma ativa e 12% de agua. Seu peso molecular é
150,2 g/mol e sua formula molecular é C5H1003S. E composta por 66% de
mondmeros, 19% de dimeros, 1 a 3% de oligbmeros (Baker e Boebel, 1980). As
duas substancias, HMTBA e DL-Met, possuem os dois isdmeros L e D.

A HMTBA nao € um aminoacido, mas um precursor de metionina. A
estrutura quimica das moléculas mostra a diferenca no carbono alfa da molécula
(Figura 2), nesse ponto a DL-Met contém um grupo amina (NH>), enquanto que
a HMTBA contém um grupo hidroxila (OH).

A MET é essencial para mantenca e crescimento de frangos de corte,
além de ser o primeiro aminoacido limitante em dietas a base de milho e farelo
de soja. Portanto, DL-MET ou HMTBA sédo frequentemente utilizados nas
formulacdes para ajustar metionina na dieta, suprir as exigéncias dos animais,
maximizar o desempenho da producédo e reduzir a excrecdo de nitrogénio. A
metionina e seus analogos sao 0os aminoacidos mais toxicos. Excesso desses
aminoacidos na dieta € tdo prejudicial quanto sua deficiéncia, pois pode levar a
reducdo no ganho de peso e aumento na conversao alimentar (Edmonds e
Baker, 1987). A adicdo de 2% de DL-MET resultou em reducdo no ganho de
peso em um estudo de dose-resposta com frangos de corte (Harter e Baker,
1978). No entanto, alguns trabalhos demonstram que a HMTBA apresenta
menor toxicidade do que a DL-MET (Lemme et al., 2002; Vazquez-Anon et al.,
2006).

A maioria dos aminoacidos sédo produzidos por fermentacdo de
microorganismos geneticamente modificados. A metionina € produzida por
sintese quimica, a partir de metil-tio-aldeido propiénico (MTPA) e cianeto de
hidrogénio (HCN), na presenca de um catalisador (Klose et al., 1985). MTPA e
HCN sdo obtidos por sintese quimica, utilizando matérias-primas de origem
petroquimica. Essa sintese resulta em uma mistura racémica de 50% D e 50%
L-metionina, pois sua molécula tem carbono alfa assimétrico. (Leite et al., 2009).
Os aminoéacidos podem existir em duas formas, referidas como D e L isbmeros.
Para a sintese de proteinas e a formacédo de S-adenosilmetionina, apenas o L-
isbmero estéreo de Met pode ser usado. A eficacia dos isémero D aminoacidos
para frangos de corte é alta, cerca de 90% da D-Met € convertida para L-Met (Ly
et al., 2012). Para essa essa conversdo sdo necessarias duas rea¢des quimicas,
a desaminacao oxidativa do D isbmero e a transaminacao do cetoacido para L-
aminoécido (Dibner, 2003).
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Figura 2. Estrutura quimica da metionina e do hidroxi analogo de
metionina.

Os efeitos das diversas fontes de metionina sobre os indices
zootécnicos de frangos de corte tem sido estudada ha muitos anos. A primeira
referéncia conhecida sobre a utilizacdo de HMTBA foi de um trabalho publicado
na década de 1930, onde o produto proporcionou um aumento no crescimento
de ratos alimentados com dietas deficientes em cistina (Jackson e Block, 1932).
Desde entdo, comecou-se a pesquisar sobre fontes analogas de metionina como
doadoras de metionia. Ou seja ha mais de 85 anos de pesquisa na producao e
efeito de suplementacdo desse analogo de metionina. Com isso, muitas
controvérsias surgiram sobre a bioeficacia desse produto, atribuido em parte aos
diferentes modelos estatisticos utilizados para sua avaliacdo e a conversao de
HMTBA em L-MET (Ferjancic-Biagini et al., 1995). Por exemplo, em um trabalho
demonstrando diferentes modelos estatisticos para avaliar dose resposta de
fontes de metionina, os autores indicam o0 modelo estatistico de regressdo com
platbés separados ao invés do mesmo platé como muitas vezes € utilizado, pois
as fontes possuem respostas diferentes (Kratzer and Littell, 2006). Outro
experimento avaliou dose resposta de DL-Met e HMTBA utilizando na mesma
base equimolar (Gonzales-Esquerra et al., 2007). Os autores observaram um
aumento linear no desempenho das aves utilizando HMTBA e quadratico com a
inclusdo de DL-Met na dieta, demonstrando diferentes respostas entre as fontes
utilizadas. Quatro experimentos foram realizados com frangos de corte
utilizando DL- Met e HMTBA como suplementacdo de metionina na mesma base
equimolar (Vazquez-Anon et al., 2006). Neste experimento foram utilizados os
modelos estatisticos linear, quadratico e exponencial para as respostas de
desempenho avaliadas. Foi verificado que cada resposta apresentava uma curva
com formato diferente para cada fonte avaliada. Entéo, a biodisponibilidade pode
variar em funcao da dose (Kratzer and Littell, 2006) e em funcéo da resposta em
estudo. Em um experimento utilizando quatro niveis de suplementacdo na dieta
basal de frangos de corte (0,6; 0,12; 0,18 e 0,24%) de DL-MET e HMTBA,
observou-se diferentes respostas de desempenho produtivo. A
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biodisponibilidades do anélogo foi de 68, 67 e 62% para ganho de peso,
conversao alimentar e rendimento de carcaca, respectivamente, em relagéo a
fonte tradicional (Lemme et al., 2002).

Absorcao da metionina

Os aminoacidos sao absorvidos ao longo de todo trato intestinal,
principalmente no jejuno, devido a necessidade de hidrélise de proteinas pelas
enzimas secretadas no pancreas. Em aves e suinos, a absor¢cdo de HMTBA é
concluida no final do duodeno enquanto que a absorcao de DL-MET é completa
no final do jejuno (Jendza et al., 2011). Por outro lado, um estudo mostrou que a
HMTBA é absorvida em todo o trato digestivo inclusive no ceco (Dibner et al.,
1988). A DL-Met é transportada por um Unico mecanismo, processo ativo sodio
dependente, o sistema de transporte ativo tem uma maior afinidade por L-met do
gue por D-Met (Dibner et al., 1988), o que permite que sejam transportados
contra um gradiente de concentragdo, com gasto energético. Por outro lado, os
isdbmeros de HMTBA sé&o absorvidos de forma passiva, que requer a passagem
de um meio mais concentrado para menos concentrado. Devido ao pH mais alto
na parte superior do trato gastro intestinal, a absorcao por difusédo da HMTBA é
favorecida (Knight e Dibner, 1984). Esses pesquisadores avaliaram as duas
fontes de metionina e comprovaram que a absor¢cdo de HMTBA foi tdo rapida
guanto a DL-Met. Sendo um acido monocarboxilico, sua absorcao se assemelha
a de outros acidos organicos, de cadeia curta (Jongbloed et al., 2000), em
particular o acido lactico. Estudos demonstram o efeito do H* sobre a absorcéo
dessa fonte, onde seu transportador possui caracteristicas semelhantes ao
transportador do acido lactico (monocarboxylate transporterl) (Martin-Venegas
et al., 2009). Em um trabalho com frangos de corte machos, encontraram uma
absorcao para DL-Met de 100% e aproximadamente 96 a 99% para HMTBA,
concluido que as diferencas de biodisponibiliades ndo estdo relacionadas a
absorcao das duas fontes (Huyghebaert, 1993). Utilizando as duas fontes de
metionina na mesma base equimolar, (Han et al., 1990) demonstraram que nao
houve diferenca na absorcédo entre elas (98,8% de absorcdo para HMTBA e
99,7% para DL-MET).

No figado das aves e em outros tecidos, tem se encontrado enzimas
capazes de oxidar os isbmeros D e L de HMTBA, (Knight e Dibner, 1984). A
enzima especifica para L-HMTBA é a L-2 hidroxi acido oxidase (L-AOX),
encontrada nos peroxissomos do figado e rins das aves. A D-HMTBA requer a
enzima mitocondrial D-2-hidroxi acido desidrogenase (D-HAD) encontrada em
varios tecidos, incluindo, figado, rins, musculo esquelético, intestino, pancreas,
baco e cérebro. (Knight e Dibner, 1984). J4 a enzima necessaria para conversao
de D-MET é a D-aminoécido oxidase (DAAOXx). Essas enzimas sdo amplamente
presentes nos tecidos do corpo (rins, figado) mas também ao longo de todo
tracto digestivo. (Geraert e Mercier).
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HIPOTESES E OBJETIVOS

Hipoteses

A HMTBA é uma fonte eficiente para suplementacao de metionina na
dietas.

A inclusdo de HMTBA tem um nivel 6timo para frangos nas fases
crescimento e final.

O desempenho zootécnico de frangos de corte suplementados com
niveis crescentes de HMTBA apresenta comportamento quadratico.

Objetivos

Avaliar a utilizagcdo de niveis crescentes de sobre o desempenho e o
rendimento de carcaca e cortes comerciais de frangos de corte na fase final.

Determinar o ponto de maximo desempenho para todas as variaveis
analisadas.

Desenvolver informacéo relevante sobre dose resposta de Met+Cys
em aves quando usarmos HMTBA como fonte de Met suplementar.



CAPITULO II*

1 Artigo elaborado conforme as normas da revista Animal Feed Science and Technology.
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ABSTRACT
As the first limiting amino acid in corn-soy broiler diets, methionine (Met)
supplementation from commercial synthetic sources is demanded to obtain economic
formulations. The Met analogue 2-hydroxy-4-(methylthio)-butanoic acid (HMTBA) is
largely used with that intention. The objective of the present study was to obtain
responses of broilers fed with increased levels of HMTBA from 28 to 42 d. A total of
2,106 Cobb x Cobb 500 1-d-old male broilers were randomly placed into 81 floor pens
(2.7 m? each). Birds were fed conventional starter (1 to 14 d: 230 g/kg CP, 12.95 MJ/kg)
and grower diets (15 to 27 d: 220 g/kg CP and 13.05 MJ/kg). Starting at 28 d of age,
replicate pens of 26 birds were randomly allocated into 9 treatments with 9 replications
having increased levels of supplemented HMTBA (0.00, 0.07, 0.14, 0.21, 0.28, 0.35,
0.42, 0.49, and 0.56%). These were prepared by mixing different proportions of corn-soy
dilution and summit diets, which had the same concentration of formulated nutrients and
energy (197 g/kg CP, 9.0 g/kg Ca, 4.5 g/kg Av. P, 9.5 g/kg digestible Lys, and 13.20
MJ/kg), with the exception of HMTBA (0.56% in the summit but not supplemented in
the corn-soy dilution diet). Growth performance was evaluated until 42 d when carcass
yield and commercial cuts were evaluated using 6 birds randomly taken from each pen.
Body weight gain, FCR, yields of breast fillets and abdominal fat were adjusted using
quadratic polynomial regressions (P < 0.05). Estimation of maximum responses for
supplemented HMTBA using quadratic regressions were 0.35% for BWG, 0.37% for
FCR, 0.35% for breast fillets yield and 0.33% for abdominal fat. The present study

provided regression data for those using HMTBA as a Met dietary supplement.

Keywords: broiler, methionine analogue, performance, sulfur amino acids
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Abbreviations: AA, amino acids; BWG, body weight gain; CP, crude protein; Cys,
cysteine; d, days; dig, digestible; FCR, feed conversion ratio; Fl, feed intake; HMTBA,
2-hydroxy-4-(methylthio)-butanoic acid; Lys, lysine; Met, methionine; SBM, soybean

meal; Thr, threonine; TSAA, total sulfur amino acids.
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1. Introduction

Adding synthetic and crystalline forms of amino acid (AA) in broiler diets has
allowed extensive investigation in AA requirements for broilers in the last decades.
Responses of broilers to variations in dietary AA remain important subjects for
investigation because of the improvements in live performance and carcass yield
constantly delivered by genetics. Nutrient recommendations for broilers intend to
optimize growth performance as well as the proportions of individual carcass
components, especially breast meat, to a point that delivers best economic returns. The
dietary concentration of amino acids that maximize BW gain (BWG), FCR, and breast
meat yield can be different for each one of these parameters. For instance, optimum total
sulfur amino acids (TSAA) levels for breast meat yield have been shown to be higher
when compared with those for whole carcass yield, FCR, or BWG and are dependent of
broiler genetics (Vieira et al., 2004).

For broilers fed corn-soy diets, methionine (Met) is first limiting AA. This AA
plays important roles for growing broilers because its limited concentration in feeds affect
muscle accretion and feather synthesis, as well as the biochemical processes dependent
of the presence of methyl groups donated by Met (NRC, 1994). Methionine is the
initiating amino acid in the synthesis of virtually all eukaryotic proteins (Lucas-Lenard
and Lipmann, 1971) and its metabolism begins with its activation to S-
adenosylmethionine, which is used in methylation reactions and is also converted to
cysteine (Cys) by the transsulfuration pathway (Brosnan and Broshan, 2006).

Two commercially available synthetic products are the main precursors of Met
routinely supplemented in broiler feeds: DL-Met and 2-hydroxy-4-(methylthio)-butanoic

acid (HMTBA). The use of these Met precursors in poultry nutrition has been usual for
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many years allowing the reduction in the dietary inclusion of protein feedstuffs without
affecting bird performance (Warnick and Anderson, 1968; Wallis, 1999). Both of these
Met synthetic sources have demonstrated to be readily converted into L-Met (Dibner and
Knight, 1984; Martin-Venegas et al., 2006), which is the final form of Met used in the
animal metabolism. However, these are different molecules that follow unique processes
from absorption to final transformation into L-Met. For instance, the absorption of DL-
Met follows an active sodium dependent pathway and it is finally used as L-Met before
undergoing the process of oxidative deamination and transamination of its keto acid
(Gilbert et al., 2008). On the other hand, HMTBA has a hydroxyl group on the alpha
carbon rather than the amino group present in DL-Met (Dibner and Knight, 1984).
Therefore, as an organic acid, HMTBA is passively absorbed and later converted into L-
Met by the body cells (Dibner and Knight, 1984; Martin-Venegas et al., 2011).

Whereas bioequivalence of DL-Met and HMTBA remains controversial (Wallis,
1999; Lemme et al., 2002), HMTBA is largely used in broiler diets being approximating
70% of the total MET supplementation used in the US poultry industry (USDA, 2015).
Therefore, there is a need to routinely review the response of commercial broiler traits to
increased addition of HMTBA, such that users can plot their own objectives to the
increasing doses of this supplement. The objective of this study was to evaluate growth
performance and carcass and commercial cuts yields of male broilers fed with increasing
levels of HMTBA as the sole TSAA supplement in corn-soy diets, such that estimators

of maximum responses are provided for each of these responses.

2. Material and methods
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All procedures adopted throughout this study avoided unnecessary animal
discomfort and were approved by the directives of Ethics and Research Committee of the

Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.

2.1. General bird husbandry

A total of 2,106 male Cobb x Cobb 500 slow feathering broiler chickens were
randomly placed into 81 floor pens (1.65 x 1.65 m), 26 birds in each with new rice hulls
as bedding. Each pen was equipped with a tube feeder and a bell drinker. The
environmental temperature was controlled to maintain bird comfort throughout the study
(Cobb-Vantress, 2013), which was reduced by 1°C every 2 d through the use of
thermostatically controlled heaters, fans and foggers. Lighting was continuous until 7 d
of age, with a 14L:10D cycle used afterwards. Birds had ad libitum access to water and

mash feed.

2.2. Dietary treatments

Birds were fed common corn-soy mash starter (1 to 14 d: 230 g/kg CP, 12.95
MJ/kg) and grower diets (15 to 27 d: 220 g/kg CP and 13.05 MJ/kg). following Brazilian
industry standards (Rostagno et al., 2011). At 28 d, replication pens having bird with
individual BW = 1.469 + 53.0 g were allocated into a completely randomized design with
9 dietary treatments with 9 replications. Treatments were produced by mixing a non-
supplemented HMTBA diet (dilution diet) with a summit diet having an inclusion of
0.56% HMTBA. Manufacturer recommendation of 88% equivalence of HMTBA to
TSAA was used to formulate experimental diets (Alimet, Novus International,

Indaiatuba, SP, Brazil).
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Analyses of AA in ingredients and diets were conducted according to the method
914.12 using an HPLC auto analyzer and employed performic acid oxidation of the feed
sample prior to acid hydrolysis (AOAC International, 1998). Analysis of HMTBA in the

supplemental diets was also done using HPLC (Ontiveros et al., 1987).

2.3. Measurements

Live performance was evaluated from 28 to 42 d when feed intake (FI), BWG, and
FCR corrected for mortality were estimated. Mortality was recorded daily. At 42 d, 6
birds were randomly selected from each pen and processed for carcass and commercial
cuts evaluation. Broilers were fasted for 8 h and individually weighed prior to slaughter.
Birds were humanely rendered insensible using electrical stunning (45 V for 3 s), then
bled through a jugular vein cut for 3 min, scalded at 60°C for 45 s, and lastly defeathered.
Evisceration was manually performed and carcasses were statically chilled in ice for
approximately 3 h. Eviscerated carcasses (without feet and neck but with lungs) were
hung for 3 min to remove excess water prior to weighing. Commercial cuts were
performed by a crew of industry-trained personnel into bone-in drumsticks, thighs, wings
as well as deboned breast fillets and tenders. Abdominal fat was weighed separately.
Carcass yield was expressed relative to live weight while commercial cuts and abdominal

fat were expressed as percentage of the eviscerated carcass.

2.4. Statistical analysis
Data were submitted to ANOVA using the GLM procedure (SAS, 2001). Pens were
considered as experimental units for the evaluation of live performance and the average

of 6 processed birds per pen for carcass yield assessment. Means were compared by
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Tukey test when effects of dietary treatments were significant at 5% (Tukey, 1991).
Estimations of HMTBA inclusion that maximized responses were done using quadratic
polynomial regression (Robbins et al., 1979; Pesti et al., 2009) as follows: Y = g1 + 2 x
HMTBA + 53 x HMTBA?) had Y as the dependent variable as a function of dietary level
of HMTBA,; p1 as the intercept; 2 as the linear coefficient and A3 as the quadratic

coefficient. The maximum response to HMTBA was defined as HMTBA = - 52 + (2 x

£3).

3. Results

Formulated diets with increasing levels of HMTBA are presented in Table 1. Slight
deviations between analyzed and formulated crude protein (CP), AA and HMTBA
existed. These were considered acceptable since analyzed values demonstrated trends as
expected in the formulated diets and, therefore, allowed adequate interpretation of results.

Broiler chickens from 28 to 42d fed corn-soy diets supplemented with increasing
levels of a HMTBA varying from 0 to 0.56% had increased BWG and breast meat yield
and decreased FCR (P < 0.001). Live performance responses demonstrated that birds
benefited from the increasing levels of HMTBA to response points that flattened out,
which, therefore, allowed quadratic adjustments (P < 0.001). Maximum responses for
BWG of broilers from 28 to 35 d were estimated to be 0.36% of HMTBA and from 36 to
42 d were 0.35% HMTBA (Table 2). The best result for FCR from 28 to 42 d was
estimated when broilers were fed diets supplemented with 0.37% HMTBA. In parallel,
carcass data presented significant quadratic adjustments (P < 0.001) with values that
maximized the percentage of the different commercial products at 0.35%, 0.36%, and

0.27%, respectively for the eviscerated carcass as a proportion of the live bird, as well as
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the proportions of breast fillets, drumsticks and breast tender as respective proportions of
the eviscerated carcass. A level of 0.33% HMTBA was needed to minimize abdominal

fat.

4. Discussion

Reevaluations of nutrient requirements are needed along with the consistent
changes in the proportions of body components of broilers due to genetic selection.
Proportions of breast muscles are the ones that have presented the most noticeable
increases with time, and, therefore, AA levels that maximize breast meat yield have been
shown increasing trends (Garcia and Batal, 2005; Corzo et al., 2006; Corzo et al., 2007;
Lumpkins et al., 2007; Dozier et al., 2008a; Dozier et al., 2008b). Breast muscle
proportions of broilers within a similar market age has increased around 20% in the last
20 years (Havenstein, et al., 2003). On the other hand, studies on TSAA requirements of
broilers conducted in the last 20 years were few, but with quite similar results. A scenario
with increases in dietary concentrations of AA in broiler feeds to allow the expression of
higher proportions of breast meat is likely to follow further increases of breast muscle
proportions. This has been well established for lysine (Lys) because of its importance in
muscle synthesis. In terms of TSAA, their increased proportional dietary demand is
expected to derive mainly because of their importance for the maintenance of birds that
have increased muscle as proportion of the overall live broiler protein.

Eventually the information user will relate these answers with the values obtained
in other studies with Met. In addition, it does not seem appropriate to use data from animal
performance to increasing levels of an analog to estimate the Met requirements without

know exactly the actual bioequivalence of the Met analogue. To date, there is a great
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range of diversity in what is said about the bioequivalence between HMTBA and DL-
Met. These differences may have originated in the experimental design, the statistical
analysis, as well as the diversity of variables. Just to illustrate the magnitude of
bioequivalence studies, it have been indicated values between 60 and 88% (Wallis, 1999;
Lemme et al., 2002; Mandal et al., 2004). Anyway, HMTBA being a product widely used
around the world as Met precursor, the presentation of live performance responses and
product processed at increasing levels allows the reader adding that information to their
most efficient use especially when their main MET source comes from HMTBA.

Data obtained in the present study estimated the need of higher dig. TSAA
requirements to maximize performance of 42 d male broilers higher when compared to
those presented above, which may indicate higher demands for those AA for the present
Cobb 500 slow feathering males. Small differences when it comes to comparison of
research done in different settings, using different sex and genetics, however, can not be
disregarded, as much as different bio equivalences between different supplemental Met
sources. However, these are very difficult to assess in comparison terms, because of the
impact size as well as of the added impact size of the different variables.

In conclusion, the present study provided regression data for the use of 2-hydroxy-
4-(methylthio)-butanoic acid as a methionine dietary supplement in diets formulated with
0.95% digestible lysine and 13.40 MJ/kg. Growth performance and breast meat yield of
broilers were increased as the only source of supplemental methionine precursor included

in corn-soy diets was HMTBA.
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Table 1
Diets supplemented with increasing levels of HMTBA for broiler chickens from 28 to 42 d.
HMTBA supplementation, %

Item 0.00 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56
Ingredients, g/kg
Corn, 7.8% 648 647 645 644 642 641 640 638 637
Soybean meal, 45% 263 263 264 264 264 265 265 265 265
Soybean oil 26 27 27 28 28 29 29 30 30
Meat and bone meal, 48% 50
Calcium carbonate 3.8
Dicalcium phosphate 6.3
Sodium bicarbonate 2.3
Salt 2.3
HMTBA?, 88% - 0.7 1.4 2.1 2.8 35 4.2 4.9 5.6
L-Lysine HCI, 78% 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7
L-Threonine, 98.5% 0.2
Choline chloride 0.9
Vitamin and mineral mix® 1.5
Nutrient composition, g/kg or as shown®
AME,, MJ/kg 13.20
CP 197
Calcium 9.0
Available phosphorus 4.5
Sodium 2.0
Digestible Lys 9.5
Digestible TSAA 5.20 5.82 6.43 7.05 7.66 8.28 8.90 9.51 10.13
Digestible Thr 6.4
Digestible Val 7.8
Digestible lle 6.9
Total His 4.9
Total Lys 10.5(10.6) 10.5(10.6) 10.5(10.8) 10.5(10.7) 10.5(10.4) 10.5(10.5) 10.5(10.7) 10.5(10.4) 10.5(10.7)
Total TSAA 6.1(6.0) 6.6 (6.3) 7.1(7.4) 7.6 (7.5) 8.1(8.0) 8.6 (8.8) 9.1(9.2) 9.6(9.6) 10.1(10.5)
Total Thr 7.4 (7.5) 7.4 (7.6) 7.4(7.7) 7.4 (7.8) 7.4 (7.3) 7.4 (7.3) 7.4(7.8) 7.4(7.3) 7.4(7.8)
Total Val 9.1(9.3) 9.1(9.0) 9.1(9.5) 9.1(8.9) 9.1(9.5) 9.1(9.5) 9.1(9.5) 9.1(9.4) 9.1(9.5)

w
o1



Total lle 7.9(8.1) 7.9(8.3) 7.9(8.2) 7.9(8.3) 7.9(8.0) 7.9(7.9) 7.9(8.2) 7.9(7.8) 7.9(7.7)
Total His 5.2(4.9) 5.2(4.7) 5.2(5.2) 5.2(4.7) 5.2(5.1) 5.2 (5.1) 5.2(5.1) 5.2 (5.4) 52(5.4)
a2-hydroxy-4-(methylthio)-butanoic acid formulated at 88% Met equivalency.

b Supplied the following per kilogram of diet: vitamin A, 8.000 UI; vitamin D3, 2.000 UI; vitamin E, 30 UI; vitamin Ks, 2 mg; thiamine, 2 mg; riboflavin, 6 mg;
pyridoxine, 2.5 mg; cyanocobalamin, 0.012 mg. pantothenic acid, 15 mg; niacin, 35 mg; folic acid, 1 mg; biotin, 0.08 mg; iron, 40 mg; zinc, 80 mg; manganese, 80 mg;
copper, 10 mg; iodine, 0.7 mg; selenium, 0.3 mg.

¢ Values between parentheses are analyzed.

9€
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Table 2
Live performance of male broilers fed diets supplemented with a methionine analogue to provide
increasing levels of HMTBA inclusion®

HMTBA BW gain, g FCR
g;‘]pg/'jme”ta“ 28t035d 35t042d 28t042d  281035d 35t042d 281042d
0.00 630° 712 1,369° 1.916° 2.2642 2.0512
0.07 703® 718 1,415 1.783%® 2.142%® 1.965®
0.14 7312 754 1,499%° 1.729° 2.022° 1.862°
0.21 730° 763 1,474%c 1.727° 2.063® 1.922%
0.28 730° 788 1,531%® 1.730° 1.986" 1.847°
0.35 759° 785 1,542% 1.709° 2.066% 1.872°
0.42 768° 780 1,566° 1.720° 2.018° 1.852°
0.49 738° 790 1,528% 1.742° 1.988° 1.867"
0.56 729? 744 1,473%¢ 1.720° 2.025° 1.893°
SEM 7.8 7.1 1.2 0.0139 0.0176 0.0128
P-value < 0.001 0.161 <0.001 0.008 <0.001 <0.001
Maximum
Parameters Regression equations® P-value r? response’,
%
BW gain, ¢
28t035d Y =0.644 + 0.624X — 0.865X> <0.001 872 0.36
28t042d Y =1.361+ 1.016X — 1.424X? <0.001 88.0 0.35
FCR
28t035d Y =1.881-1.046X + 1.397X? < 0.001 79.3 0.37
35t042d Y =2.187 - 1.058X + 1.652X? 0.002 75.8 0.32
28t042d Y =2.022-0.962X + 1.296X? <0.001 875 0.37

&-¢ Values within a column not sharing a common superscript differ (P < 0.05) by Tukey test.

2 2-hydroxy-4-(methylthio)-butanoic acid.

b Quadratic polynomial: Y = g1 + 2 x X + 3 x X?; where Y is the dependent variable, X is the dietary
level of HMTBA, p1 is the intercept, A2 and g3 are the linear and quadratic coefficients, respectively;
maximum response levels obtained by calculating - 2 + (2 x 3).

¢ Not estimated when there was no significant fit (P > 0.05).
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Table 3
Carcass and commercial cut yields from male broiler chickens fed diets supplemented with a

methionine analogue.

HMTBA? Carca Abdomin Breast Breast Drumst . .
supplementation, % SS al fat fillet tender ick Thigh Wing
0.00 77.3 217 32.8° 5.4 13.3% 19.0* 9.8
0.07 776 1.9® 338" 56 13.12 18.8% 9.8
0.14 774 1.7® 339 56 13.0% 18.7% 9.8
0.21 776 1.6° 35.3% 57 12.1°  185® 95
0.28 784 1.6° 35.1% 56 12.7® 18.8° 9.6
0.35 790 1.6° 35.1% 56 12.8% 18.6® 9.7
0.42 79.1 1.7® 349% 55 12.6® 18.3® 9.6
0.49 794 1.6° 349% 55 12.6® 183" 9.7
0.56 79.2 1.7® 348 55 12.6® 183" 9.7
SEM 0.18 0.04 0.13 0.03 0.07 0.06 0.03
P-value 0.064 0.004 <0001 0104  <0.001 ;001 0.195
Parameters” Regression equations® P-value r? MaX|ml$n;
response”, %
Abdominal fat, % Y =2.07 - 3.01X + 4.47X? <0.001 94.6 0.33
Breast fillets, % Y =32.82 + 13.06X - 17.92X®> <0.001 91.1 0.35
Drumsticks, % Y =13.32 - 4.42X + 6.07X? <0.052 52.3 0.36
Breast tender, % Y =540+ 171X -3.13X? <0'1001 79.7 0.27

a-¢ Values within a column not sharing a common superscript differ (P < 0.05) by Tukey test.

2 2-hydroxy-4-(methylthio)-butanoic acid.

® Observed means were calculated from 9 replicate pens of 6 birds each; carcass yield expressed as a
percentage of live weight whereas commercial cuts and abdominal fat were expressed as percentage of the
eviscerated carcass.

¢ Quadratic polynomial: Y = g1 + 82 x X + 53 x X?; where Y is the dependent variable, X is the dietary
level of HMTBA, p1 is the intercept, 52 and /3 are the linear and quadratic coefficients, respectively;
maximum response levels obtained by calculating - 2 + (2 x 3).

4 Not estimated when there was no significant fit (P < 0.05).
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CONSIDERACOES FINAIS

A utilizacdo de niveis adequados de aminoéacidos sulfurados nas racdes
€ fundamental para obter melhor ganho de peso, conversdo alimentar e
rendimento de cortes comerciais. A adicdo de HMTBA como suplementacgéo de
MET demonstrou melhorar o desempenho, rendimento de carcaca e peito em
comparacao a dieta sem adicdo de Met. Para maximizar a utilizacdo deste
analogo de Met, recomenda-se a inclusédo de 0,35 e 0,37% para as variavel GP
e conversdo alimentar. E recomendado a inclusdo de 0,35% HMTBA 88% para
obter-se melhor rendimento de carne de peito durante as fases de crescimento
e final.
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author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the
Publisher is required for resale or distribution outside the institution and for all
other derivative works, including compilations and translations (please consult
http://www.elsevier.com/permissions). If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see
http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access
articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:

Subscription articles please see http://www.elsevier.com/journal-
authors/author-rights-and-responsibilities. Open access articles please see
http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are requested to identify who provided financial support for the conduct of
the research and/or preparation of the article and to briefly describe the role of
the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the
article for publication. If the funding source(s) had no such involvement then this
should be stated.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors
whose articles appear in journals published by Elsevier, to comply with potential
manuscript archiving requirements as specified as conditions of their grant
awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:
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Open Access
e Avrticles are freely available to both subscribers and the wider public with
permitted reuse
e An Open Access publication fee is payable by authors or their research
funderSubscription
e Articles are made available to subscribers as well as developing countries
and patient groups throughour access programs
(http://www.elsevier.com/access)
No Open Access publication fee

All articles published Open Access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one
of the following Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-
SA): for noncommercial purposes, lets others distribute and copy the article, to
create extracts, abstracts and other revised versions, adaptations or derivative
works of or from an article (such as a translation), to include in a collective work
(such as an anthology), to text and data mine the article, as long as they credit
the author(s), do not represent the author as endorsing their adaptation of the
article, do not modify the article in such a way as to damage the author's honor
or reputation, and license their new adaptations or creations under identical terms
(CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND):
for noncommercial purposes, lets others distribute and copy the article, and to
include in a collective work (such as an anthology), as long as they credit the
author(s) and provided they do not alter or modify the article.

Elsevier has established agreements with funding bodies,
http://www.elsevier.com/fundingbodies. This ensures authors can comply with
funding body Open Access requirements, including specific user licenses, such
as CC BY. Some authors may also be reimbursed for associated publication fees.
If you need to comply with your funding body policy, you can apply for the CC BY
license after your manuscript is accepted for publication.

To provide Open Access, this journal has a publication fee which needs to be
met by the authors or their research funders for each article published Open
Access.

Your publication choice will have no effect on the peer review process or
acceptance of submitted articles.

The publication fee for this journal is $2500, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted,
but not a mixture of these). Authors who feel their English language manuscript
may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language
Editing service available from Elsevier's WebShop
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(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically
converts source files to a single PDF file of the article, which is used in the peer-
review process. Please note that even though manuscript source files are
converted to PDF files at submission for the review process, these source files
are needed for further processing after acceptance. All correspondence,
including notification of the Editor's decision and requests for revision, takes
place by e-mail removing the need for a paper trail.

Poorly written and/or presented manuscripts (relative to the journal's guidelines)
may be returned to authors for upgrading by the editorial office, prior to a review
for scientific merit.

Before preparing their manuscript, it is suggested that authors examine the
editorial by the Editorsin-Chief in Vol. 134/3-4, which outlines several practices
and strategies of manuscript preparation that the Editors-in-Chief have found to
be successful. This editorial also outlines practices that can lead to difficulties
with reviewers and/or rejection of the manuscript for publication. There is also an
example of an Animal Feed Science and Technology manuscript available on the
journal website at http://www.elsevier.com/locate/anifeedsci.

Submit your article
Please submit your article via http://ees.elsevier.com/anifee/

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses
of three potential referees. Note that the editor retains the sole right to decide
whether or not the suggested reviewers are used.

PREPARATION

Use past tense for current findings, and the present tense for "truths" and
hypotheses.

Article Structure

Manuscripts should have numbered lines, with wide margins and double
spacing throughout, i.e. also for abstracts, footnotes and references. Every
page of the manuscript, including the title page, references, tables, etc.,
should be numbered continuously. However, in the text no reference should
be made to page numbers; if necessary, one may refer to sections. Avoid
excessive usage of italics to emphasize part of the text.

Introduction

State the objectives of the work and provide an adequate background, avoiding
a detailed literature survey or a summary of the results.
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Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should
be described.

If reference is made to AOAC, ISO or similar analytical procedure(s), the specific
procedure identification number(s) must be cited. A number of references for
neutral and acid detergent fibore (NDF, ADF) assays exist, and an alternative
reference to the now out-of-print USDA Agriculture Handbook 379 must be used.
There are many options for NDF and ADF assays (e.g. sodium sulfite, alpha
amylase, residual ash), which must be specified in the text. For more details see
the editorial in Vol. 118/3-4.

The following definitions should be used, as appropriate:
a. aNDFom-NDF assayed with a heat stable amylase and expressed
exclusive of residual ash.
b. NDFom-NDF not assayed with a heat stable amylase and expressed
exclusive of residual ash.
c. aNDF-NDF assayed with a heat stable amylase and expressed inclusive
of residual ash.
d. NDF-NDF assayed without a heat stable amylase and expressed inclusive
of residual ash.
e. ADFom-ADF expressed exclusive of residual ash.
f. ADF-ADF expressed inclusive of residual ash.
g. Lignin (sa)-Lignin determined by solubilization of cellulose with sulphuric
acid.
h. Lignin (pm)-Lignin determined by oxidation of lignin with permanganate.

While expressions of NDF and ADF inclusive of residual ash will continue to be
acceptable (i.e., the terms aNDF, NDF and ADF above), the Editors-in-Chief
highly recommend reporting all fibre values, including digestibilities, on an OM
basis. Silica is partially soluble in ND, is quantitatively recovered in AD, and so
may contribute to the ‘fibre' values and to subsequent digestibility coefficients.

Reporting 'hemicellulose' values as the difference between NDF and ADF is
generally only acceptable if the analyses have been sequential on the same
sample. Crude fibre (CF), nitrogen-free extract (NFE) and total digestible
nutrients (TDN) are not acceptable terms for describing feeds and should only be
referred to in a historical context.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them.
Avoid extensive citations and discussion of published literature. Combined
'Results and Discussion' sections are only acceptable for 'Short
Communications', except under compelling circumstances.
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Conclusions

The main conclusions of the study may be presented in a short Conclusions
section, which may stand alone or form a subsection of a Discussion or Results
and Discussion section.

Essential title page information

. Title. Concise and informative. Titles are often used in information-
retrieval systems. Avoid abbreviations and formulae where possible.
. Author names and affiliations. Where the family name may be

ambiguous (e.g., a double name), please indicate this clearly. Present the
authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal
address of each affiliation, including the country name and, if available, the e-
mail address of each author.

. Corresponding author. Clearly indicate who will handle correspondence
at all stages of refereeing and publication, also post-publication. Ensure that
phone numbers (with country and area code) are provided in addition to the
e-mail address and the complete postal address. Contact details must be
kept up to date by the corresponding author.

. Present/permanent address. If an author has moved since the work
described in the article was done, or was visiting at the time, a 'Present address'
(or 'Permanent address') may be indicated as a footnote to that author's name.
The address at which the author actually did the work must be retained as the
main, affiliation address. Superscript Arabic numerals are used for such
footnotes.

Abstract

The abstract should be clear, descriptive and not longer than 400 words. It should
contain the following specific information: purpose of study; experimental
treatments used; results obtained, preferably with quantitative data; significance
of findings; conclusions; implications of results if appropriate.

Graphical abstract

A Graphical abstract is optional and should summarize the contents of the article
in a concise, pictorial form designed to capture the attention of a wide readership
online. Authors must provide images that clearly represent the work described in
the article. Graphical abstracts should be submitted as a separate file in the
online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file
types: TIFF, EPS, PDF or MS Office files. See
http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's lllustration and Enhancement service to
ensure the best presentation of their images also in accordance with all technical
requirements: lllustration Service.


http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
http://webshop.elsevier.com/illustrationservices/ImagePolishing/gap/requestForm.cfm
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Highlights
Highlights are mandatory for this journal. They consist of a short collection of
bullet points that convey the core findings of the article and should be submitted
in a separate file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using
American spelling and avoiding general and plural terms and multiple concepts
(avoid, for example, ‘and’, 'of'). Be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible. These keywords will be used for
indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed
on the first page of the article. Such abbreviations that are unavoidable in the
abstract must be defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before
the references and do not, therefore, include them on the title page, as a footnote
to the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the
article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international
system of units (SI). If other quantities are mentioned, give their equivalentin SlI.
You are urged to consult IUB: Biochemical Nomenclature and Related
Documents: http://www.chem.gmw.ac.uk/iubmb/ for further information.

Authors and Editors are, by general agreement, obliged to accept the rules
governing biological homenclature, as laid down in the International Code of
Botanical Nomenclature, the International Code of Nomenclature of Bacteria, and
the International Code of Zoological Nomenclature. All biotica (crops, plants,
insects, birds, mammals, etc.) should be identified by their scientific names when
the English term is first used, with the exception of common domestic animals.
All biocides and other organic compounds must be identified by their Geneva
names when first used in the text. Active ingredients of all formulations should be
likewise identified.

Sl or Sl-derived units should be used throughout (e.g. MJ and not Kcal for energy
concentrations). Concentrations should be expressed on a 'per kg' basis (w/w);
however, w/v, viv, mol/mol or M may be accepted depending on the
circumstances. In addition, 'units' and 'equivalents' are acceptable. Normality
should be avoided, as it may be ambiguous for certain acids. If analytical
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standards have been used, they should be specified by name (e.g. yeast RNA)
and form (e.g. lactose monohydrate). Percents should only be used when
describing a relative increase or decrease in a response. Proportions should be
maximum 1.0 or £1.0. For more details see the editorial in Vol. 118/3-4.

Percent is only used to indicate relative changes. For composition, both w/w
(often solids composition g/kg) and w/v (e.g. g/L), v/v (e.g. m/L), mol/mol or M
can be accepted depending on the circumstances. Specify units (e.g. g/L) and
never as percent.

Digestibility/metabolisability and degradability should always be expressed as a
coefficient (not %), and the content of, for example, the digestible component
should be expressed as g/kg: thus, the coefficient of digestibility of dry matter is
0.8, while the content of digestible dry matter is 8009/ kg. A distinction between
true and apparent digestibility should be made, as well as between faecal and
ileal (e.g. coefficient of total tract apparent digestibility - CTTAD). The terms
‘availability’ and 'bioavailability' should be avoided without definition in context.

In chemical formulae, valence of ions should be given as, e.g. Ca2+, not as Ca++.
Isotope numbers should precede the symbols e.g. 180. The repeated use of
chemical formulae in the text is to be avoided where reasonably possible; instead,
the name of the compound should be given in full. Exceptions may be made in
the case of a very long name occurring very frequently or in the case of a
compound being described as the end product of a gravimetric determination
(e.g. phosphate as P205).

Math formulae

Present simple formulae in the line of normal text where possible and use the
solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to
be displayed separately from the text (if referred to explicitly in the text).

If differences between treatments are statistically significant, this should be
indicated by adding the actual 'P' value obtained. If 0.10 > P > 0.05, then
differences can be considered to suggest a trend, or tendency, to a difference,
but the actual 'P' value should be stated. Further information on this issue can be
found in Animal Feed Science and Technology Vol. 129/1-2.

Spaces should be used between all values and units, except for the following:
Between the value and degrees or percent. In equations around * and /. In
probability expressions (P<0.05). When probability values are given, the 'P'
should be a capital letter.

Artwork
Electronic artwork General points

. Make sure you use uniform lettering and sizing of your original artwork.
. Embed the used fonts if the application provides that option.
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. Aim to use the following fonts in your illustrations: Arial, Courier, Times
New Roman, Symbol, oruse fonts that look similar.
. Number the illustrations according to their sequence in the text.
Use a logical naming convention for your artwork files.
Provide captions to illustrations separately.
Size the illustrations close to the desired dimensions of the printed version.
Submit each illustration as a separate file.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions
You are urged to visit this site; some excerpts from the detailed information
are given here. Formats
If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your
electronic artwork is finalized, please 'Save as' or convert the images to one of
the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum
of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone
(color or grayscale), keep to a minimum of 500 dpi.
Please do not:
. Supply files that are optimized for screen use (e.g., GIF, BMP, PICT,
WPG); these typically have alow number of pixels and limited set of colors;
. Supply files that are too low in resolution;
. Submit graphics that are disproportionately large for the content.

All data in figures should have a measure of variation either on the plot (e.g., error
bars), in the figure legend itself, or by reference to a table with measures of
variation in the figure legend.

Explanations should be given in the figure legend(s). Drawn text in the figures
should be kept to a minimum.

If a scale is given, use bar scales (instead of numerical scales) that must be
changed with reduction.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure,
at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you
will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or on
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the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting
color figures to 'gray scale' (for the printed version should you not opt for color in
print) please submit in addition usable black and white versions of all the color
illustrations.

Tables

Number tables consecutively in accordance with their appearance in the text.
Place footnotes to tables below the table body and indicate them with superscript
lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure
that the data presented in tables do not duplicate results described elsewhere in
the article.

References

All publications cited in the text should be presented in a list of references
following the text of the manuscript. The manuscript should be carefully checked
to ensure that the spelling of authors' names and dates are exactly the same in
the text as in the reference list. The accuracy of the references is the
responsibility of the author(s).

References published in other than the English language should be avoided, but
are acceptable if they include an English language 'Abstract' and the number of
non-English language references cited are reasonable (in the view of the
handling Editor) relative to the total number of references cited.

In the text refer to the author's name (without initial) and year of publication,
followed - if necessary - by a short reference to appropriate pages. Examples:
"Since Peterson (1988) has shown that...". "This is in agreement with results
obtained later (Kramer, 1989, pp. 12-16)".

If reference is made in the text to a publication written by more than two authors,
the name of the first author should be used followed by "et al.". This indication,
however, should never be used in the list of references. In this list names of first
author and co-authors should be mentioned.

References cited together in the text should be arranged chronologically. The list
of references should be arranged alphabetically on authors' names, and
chronologically per author. If an author's name in the list is also mentioned with
co-authors the following order should be used: publications of the single author,
arranged according to publication dates - publications of the same author with
one coauthor - publications of the author with more than one co-author.
Publications by the same author(s) in the same year should be listed as 2001a,
2001b, etc.

Reference links

Increased discoverability of research and high quality peer review are ensured
by online links to the sources cited. In order to allow us to create links to
abstracting and indexing services, such as Scopus, CrossRef and PubMed,
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please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference
was last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references
can be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

Reference formatting

There are no strict requirements on reference formatting at submission.
References can be in any style or format as long as the style is consistent. Where
applicable, author(s) name(s), journal title/book title, chapter title/article title, year
of publication, volume number/book chapter and the pagination must be present.
Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct. If you do wish to
format the references yourself they should be arranged according to the following
examples:

Reference style

Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity)
and the year of publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by ‘et al.' and the year
of publication. Citations may be made directly (or parenthetically). Groups of
references should be listed first alphabetically, then chronologically.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).
Kramer et al. (2010) have recently shown ....'
List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in
the same year must be identified by the letters 'a’, 'b', 'c', etc., placed after the
year of publication.
Examples:
Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a
scientific article. J. Sci.
Commun. 163, 51-59.
Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman,
New York.
Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your
article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281-304.



62

References concerning unpublished data and "personal communications" should
not be cited in the reference list but may be mentioned in the text.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word
Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data

Elsevier accepts video material and animation sequences to support and
enhance your scientific research. Authors who have video or animation files that
they wish to submit with their article are strongly encouraged to include links to
these within the body of the article. This can be done in the same way as a figure
or table by referring to the video or animation content and noting in the body text
where it should be placed. All submitted files should be properly labeled so that
they directly relate to the video file's content. In order to ensure that your video
or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video
data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for
both the electronic and the print version for the portions of the article that refer to
this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are
shown next to the online article on ScienceDirect. This gives authors the
opportunity to summarize their research in their own words and to help readers
understand what the paper is about. More information and examples are
available at http://www.elsevier.com/audioslides. Authors of this journal will
automatically receive an invitation e-mail to create an AudioSlides presentation
after acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, highresolution images, background datasets,
sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your
submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic
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format together with the article and supply a concise and descriptive caption for
each file. For more detailed instructions please visit our artwork instruction pages
at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to
sending it to the journal for review. Please consult this Guide for Authors for
further details of any item.
Ensure that the following items are present:
One author has been designated as the corresponding author with contact
details:
. E-mail address
. Full postal address
. Phone numbers
All necessary files have been uploaded, and contain:
. Keywords
e Allfigure captions
e Alltables (including title, description, footnotes)
Further considerations
. Manuscript has been 'spell-checked' and ‘grammar-checked’
. References are in the correct format for this journal
o Allreferences mentioned in the Reference list are cited in the text, and vice
versa
. Permission has been obtained for use of copyrighted material from other
sources (including the Web)« Color figures are clearly marked as being intended
for color reproduction on the Web (free of charge) and in print, or to be
reproduced in color on the Web (free of charge) and in black-and-white in print
« If only color on the Web is required, black-and-white versions of the figures
are also supplied for printing purposes
For any further information please visit our customer support site at
http://support.elsevier.com.

Additional Information

Authors should use the 'Track Changes' option when revising their manuscripts,
so that any changes made to the original submission are easily visible to the
Editors. Those revised manuscripts upon which the changes are not clear may
be returned to the author.

Specific comments made in the Author Comments in response to referees'
comments must be organised clearly. For example, use the same numbering
system as the referee, or use 2 columns of which one states the comment and
the other the response.
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AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which
is assigned to a document by the publisher upon the initial electronic publication.
The assigned DOI never changes. Therefore, it is an ideal medium for citing a
document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format;
here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are
guaranteed never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately
- please upload all of your corrections within 48 hours. It is important to ensure
that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article
via email (the PDF file is a watermarked version of the published article and
includes a cover sheet with the journal cover image and a disclaimer outlining the
terms and conditions of use). For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
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