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O EFEITO DA SUPLEMENTA(;AQ DIETETICA DE HIDROXI-SELENOMETIONINA
NA PRODUCAO DE CARNE DE FRANGO?

Autor: Vinicius de Queiroz Teixeira
Orientador: Sergio Luiz Vieira

RESUMO

O Brasil segue se destacando entre os grandes produtores e exportadores de proteina
animal no mundo. Dentre as proteinas animais produzidas em nosso pais, a de aves
ocupa mundialmente a terceira posicdo em producéo e primeira em exportacdo. Com
uma producdo altamente tecnoldgica, buscamos aperfeicoamentos em diversos
campos da producéo, onde a nutricdo se destaca. Com a maior eficiéncia produtiva
nas linhagens modernas, o consumo relativo de nutrientes tem sido reduzido frente
ao ganho de peso das aves. Sabemos que algumas regides do mundo sdo escassas
em selénio (Se), assim como o territorio brasileiro e com isso as lavouras produzidas
aqui sdo podres neste mineral, havendo assim a necessidade de suplementacao
exdgena deste elemento. Esta tese foi conduzida para avaliar os efeitos da
suplementacao de Se, exclusivamente de uma fonte de hidroxi-selenometionina (OH-
SeMet), sobre o desempenho de frangos de corte. O objetivo deste estudo foi avaliar
os efeitos de niveis crescentes de OH-SeMet sobre o desempenho zootécnico e
rendimento de carcaca e cortes comerciais, além da influéncia na severidade de
lesbes de peito amadeirado, oxidacgéao lipidica e atividade da glutationa peroxidase em
orgao e tecidos de frangos de corte aos 35 e 42 dias de idade. De acordo com as
respostas obtidas, foram estimadas ainda as exigéncias de OH-SeMet, como Unica
fonte de selénio para frangos de corte, para ganho de peso e rendimentos de carcaca
e carne de peito. Um total de 1.500 pintos machos de um dia Cobb 500 foram
alimentados com cinco tratamentos, com 12 repeti¢cdes de 25 aves cada uma em um
programa alimentar de trés fases (inicial, crescimento e final). Dietas a base de milho
e soja foram suplementadas com 0,0; 0,15; 0,30; 0,45 e 0,60 ppm de Se proveniente
de OH-SeMet (as racdes ndo suplementadas com Se tinham 0,03; 0,03 e 0,02 ppm
de Se analisado). Além da avaliacdo semanal dos parametros produtivos, ganho de
peso, consumo de racdo, conversao alimentar e mortalidade, aos 35 e 42 dias de
idade, cinco aves de cada box, selecionadas de forma randémica, foram processadas
para avaliacdo de rendimento de carcaca e de cortes comerciais e classificadas
guanto aos escores de peito amadeirado (WB). Adicionalmente, aos 42 dias de idade,
as carnes de peito destas aves foram analisadas para perda por cozimento (CL) e
capacidade de retencdo de agua (WHC), bem como para oxidacéo lipidica (TBARS)
e atividade de glutationa peroxidase (GSH-Px). Essas duas ultimas analises foram
também realizadas em outros tecidos e 6rgdos como eritrocitos, jejuno, ileo e figado.
As andlises estatisticas foram realizadas utilizando modelos de regressao polinomial
quadratico (QP) e exponencial assimptoético (EA). Os niveis crescentes de OH-SeMet
resultaram em aumentos quadraticos e exponenciais (P < 0,05) no ganho de peso
(GP) de 1 a 21 dias, com niveis 6timos de 0,48 e 0,50 ppm de Se, respectivamente.
No periodo total acumulado, de 1 a 42 dias, os maiores GP foram obtidos com 0,43 e
0,40 ppm nos modelos QP e EA respectivamente. O nivel de Se que maximizou o



rendimento de peito e de carcaga aos 42 dias foi de 0,35 e 0,44 ppm usando o modelo
QP e de 0,47 e 0,38 ppm de Se usando o modelo EA. Estimou-se que a atividade da
GSH-Px nos eritrécitos, aos 42 dias de idade, foi elevada com a suplementacao de
0,27 ppm de OH-SeMet na dieta, usando-se o modelo QP (P < 0,05). Nenhum efeito
(P > 0,05) foi observado em escores de WB, CL e WHC assim como em TBARS de
amostras de ileo, jejuno, figado e musculo peitoral. Os resultados deste experimento
mostraram que a dietas brasileiras e base de milho e soja, quando suplementadas
com Se proveniente de OH-SeMet melhorou o desempenho dos frangos de corte e o
rendimento de carcaca e peito. Quanto a recomendacdo média deste oligoelemento,
fornecido por uma fonte de OH-SeMet, para otimizar a performance produtiva foi
encontrado 0,46 ppm para o GP, 0,44 ppm para a melhora do rendimento de carcaca
e 0,38 ppm para aumentar o rendimento de peito.

Palavras-chave: frango, crescimento, exigéncia, micromineral, peito amadeirado.
! Tese de doutorado em Zootecnia — Producdo Animal, Faculdade de Agronomia,

Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (85p.) Abril,
2021.



BROILER MEAT PRODUCTION AS AFFECTED BY DIETARY SUPPLEMENTAL
HYDROXY-SELENOMETHIONINE?

Author: Vinicius de Queiroz Teixeira
Advisor: Sergio Luiz Vieira

ABSTRACT

Brazil continues to stand out among the major producers and exporters of animal
protein in the world. Among the animal proteins produced in our country, poultry is the
third position in production and the first in export. With a highly technological
production, we seek improvements in many fields of production, where nutrition stands
out. With the highest productive efficiency in modern genetic lines, the relative
consumption of nutrients has been reduced when compared to body weight gain of
birds. We know that some regions of the world are scarce in selenium (Se), as well as
the Brazilian territory and with this the crops produced here are scare in this mineral,
thus there is a need for exogenous supplementation of this element. This thesis was
conducted to evaluate the effects of Se supplementation, exclusively from a hydroxy-
selenomethionine (OH-SeMet) source, on broiler performance. The objective of this
study was to evaluate the effects of increasing levels of OH-SeMet on broiler
performance and carcass and commercial cuts yield, in addition to the influence on the
severity of wooded breast lesions, lipid oxidation and glutathione peroxidase activity in
organs and tissues of broilers at 35 and 42 days of age. According to the results
obtained, OH-SeMet requirements were also estimated as the only source of selenium
for broilers, for weight gain and carcass and breast meat yields. A total of 1,500 cobb
500 one-day male chicks were fed five treatments, with 12 replicates of 25 birds each
in a three-phase food program (initial, growth and final). Corn and soybean based diets
were supplemented with 0.00; 0.15; 0.30; 0.45 and 0.60 ppm of Se, from OH-SeMet,
(analysis of diets not supplemented with Se showed a content of 0.03; 0.03 and 0.02
ppm of Se). In addition to the weekly evaluation of the productive parameters, body
weight gain (BWG), feed intake (Fl), feed conversion ratio (FCR) and mortality at 35
and 42 days of age, five birds of each box, randomly selected, were processed to
evaluate carcass and commercial cuts yield and classified according to the scores of
wooden breast (WB). Additionally, at 42 days of age, the breast meats of these birds
were analyzed for cooking loss (CL) and water holding capacity (WHC), as well as for
lipid oxidation (TBARS) and glutathione peroxidase (GSH-Px) activity. These last two
analyses were also performed in other tissues and organs such as erythrocytes,
jejunum, ileum and liver. Statistical analyses were performed using quadratic
polynomial regression (QP) and asymptotic exponential regression (AS) models.
Increasing levels of OH-SeMet resulted in quadratic and exponential increases (P <
0.05) in BWG from 1 to 21 days, with optimal levels of 0.48 and 0.50 ppm of Se
respectively. From 1 to 42 days, the highest rates of BWG were obtained with 0.43 and
0.40 ppm in the QP and EA models respectively. It was estimated that at 42 days of
age, using the QP model (P < 0.05), the activity of GSH-Px increased in erythrocytes
of broilers with supplementation of 0.27 ppm of OH-SeMet in the diet. No effect (P >
0.05) was observed in WB, CL and WHC scores as well as in TBARS from ileum,



jejunum, liver and pectoral muscle samples. The results of this experiment showed that
corn and soybean base Brazilian diets, when supplemented with Se from OH-SeMet,
improved the performance of broilers and carcass and breast meat yield. On average,
the recommendation of this trace element provided by an OH-SeMet source, to
optimize productive performance, was 0.46 ppm for BWG, 0.44 ppm for the
improvement of carcass yield and 0.38 ppm to increase breast yield.

Keywords: broiler, growth performance, micromineral, requirement, wooden breast.

! Doctoral thesis in Animal Science, College of Agronomy, Federal University of Rio
Grande do Sul, Porto Alegre, RS, Brazil. (85 p.) April, 2021.



10

SUMARIO
LISTADE TABELAS . ... e 11
LISTA DE ABREVIATURAS. ...ttt et aae e 12
CAPITULO Lttt ettt 13
1. INTRODUGAO.......oueiuiietieeeeeeeeeeeeeete ettt 14
2. REVISAO BIBLIOGRAFICA. ..ottt 17
2.1 SEIBNIO. ..ttt 17
2.2 SElENIO NA NATUIEZA........ciieeeeeeeiiiiii e e e e e e e e e e e e 18
2.3 Selenometionina (SeMet) e Hidroxi-selenometionina (OH-SeMet)........ 18
2.4 Selénio na NULFICA0 de franQOS.........cevvriviiiiiiiiee e e 20
2.5 Selénio: biodisponibilidade, absorcdo e metabolismo..............ccccceen... 21
2.6 A acao do selénio na performance de crescimento de frangos............. 22
2.7 O papel do selénio na agdo antioxidante em frangos............ccceeevveeeeennn. 24
2.8 A relacdo do selénio com a qualidade da carne de frango.................... 26
2.9 CONCIUSOES. ... ettt ettt et e e e e e e e e e e e e s e nnrbaeees 28
3. HIPOTESES E OBJETIVOS. ......ooieeeee ettt 29
CAPITULO ittt s 30
Broiler meat production as affected by dietary supplemental hydroxy-
SelenomethionNINe. ... 31
4. CONSIDERAQC)ES FINAIS. ... e, 60
5. REFERENCIAS. ... .ottt ettt 61
APENDICES. ... .ottt 69
Apéndice 1: Normas utilizadas para a preparacado do Capitulo Il................ 70
Guide for authors: Poultry SCIENCE...........cuvuviiiiiiiiiiiieee e 70

Y= PP 91



11

LISTA DE TABELAS

CAPITULO Il

Table 1. Ingredient and nutrient composition of feeds supplemented with increased
levels of hydroxy-selenomethionine. ... 53
Table 2. Cumulative growth performance of broilers fed increasing dietary Se from
hydroxy-selenomethionine. ......... ... 54
Table 3. Carcass and commercial cuts of broilers fed increasing dietary Se from
hydroxy-selenomethionine at 35 and 42 d, %.......ccccccoeeeeeeeiiiieicciiien 55
Table 4. Regression equations of broilers fed increasing dietary Se from hydroxy-
SelenomethionNINe. ... ..o 56
Table 5. Average score and occurrence of wooden breast of broilers fed increasing
dietary Se from hydroxy-selenomethionine................ccoooiiiiiiiiiiene. 57

Table 6. Glutathione peroxidase content and lipid oxidation samples collected from
broilers fed increasing dietary Se from hydroxy-selenomethionine............ 58



12

LISTA DE ABREVIATURAS

°C.: graus Celsius

ABPA: Associacgdo Brasileira de Proteina Animal
BWG: body weight gain

CA: converséo alimentar

CAT: atividade da catalase

CL: cooking loss (perda por cozimento)

CNPqg: Conselho Nacional de Pesquisa

EA: exponential asymptotic

EFSA: European Food Safety Authority

FCR: feed conversion ration

FDA: Food and Drug Administration

Fl: feed intake

GP: ganho de peso

GSH: glutationa

GSH-PX: glutationa peroxidase

H20: agua

H20:2: peroxido de hidrogénio

HMSeBA: acido 2-hidroxi-4-metil-selénio-butandico (selenometionina hidroxianaloga)
L: linear

MDA: malonaldeido

Met: metionina

MSR: metionina sulféxido redutase

NRC: National Research Council

Oz2: oxigénio

OH-SeMet: hidroxi-selenometionina

QP: polinomial quadratico

SAS: Statistical Analyses System

Se: selénio

Se?: selenido

Se*4: selenito

Se*t: selenato

SeCys: selenocisteina

SeMet: selenometionina

SOD: superoxido dismutase

SS: selenito de sodio

T-AOC: total antioxidant capacity (capacidade antioxidante total)
T-SOD: superoéxido dismutase total

TBARS: Thiobarbituric Acid Reactive Substances (substancias reativas ao acido
tiobarbiturico)

TrxR: tioredoxina redutase

u: massa atomica relativa

WB: wooden breast (peito madeira)

WHC: water-holding capacity (capacidade de retencdo de agua)
Zn-L-SeMet: zinc-L-selenomethionine



CAPITULO |

13



14

1. INTRODUCAO

O Brasil possui o talento natural para a producéo de alimentos. A farta oferta
de graos e o clima favoravel em quase todo o pais sdo fatores que geram ganhos
antes mesmo do emprego de alta tecnologia. Com essas vantagens produtivas o
Brasil se mantém como maior exportador de carne de frango e terceiro maior produtor,
ficando atras dos Estados Unidos e China (ABPA, 2021).

O nivel de tecnologia aplicada na industria de aves do pais é um dos mais
elevados do mundo, principalmente no que diz respeito a industria de racfes
(Rostagno et al., 2017). No entanto, as recomendac¢des nutricionais devem sofrer
atualizacdes constantes uma vez que o frango moderno tem seu potencial genético
atualizado constantemente fazendo com que 0s animais consumam cada vez menos
nutrientes, proporcionalmente ao seu ganho de peso. Desta forma, temos a
necessidade de avaliarmos constantemente as exigéncias de nutrientes como 0s
minerais que atualmente dispdem de fontes suplementares na forma inorganica e
organica.

O Selénio (Se) € um micromineral essencial para os animais de producéo e
possui uma linha ténue entre sua essencialidade e sua toxicidade entre as diferentes
espécies (Alian et al., 2020). Esse mineral constitui parte integral de um sistema
antioxidante de varios tecidos e de todo o organismo, (Surai, 2018). Os cultivos que
geralmente compdem as dietas dos animais, por outro lado, ndo possuem niveis de
exigéncia para o Se (Mikkelsen et al., 1989), embora baixos niveis de Se tenham
relatado poucos efeitos benéficos para algumas plantas (Hasanuzzaman et al., 2011;
Saidi et al., 2014). As preocupacdes relacionadas a toxicidade por Se, séo
majoritariamente relacionadas a uma minoria de espécies de vegetais que podem
atingir concentracées muito altas de Se, as entdo chamadas acumuladoras de Se ou
seleniferas (Terry et al., 2000; Tinggi, 2003; Gupta and Gupta, 2017). Estas espécies
dependem do conteudo de Se no solo, que varia dependendo nas rochas que o
originam, bem como do Se proveniente de fontes antropogénicas, como irrigacao e
mineracgao (Mikkelsen et al., 1989).

A essencialidade do Se para animais foi primeiramente relatada em 1957 por
Schwarz e Foltz (1957), depois de demonstrarem o papel do Se na distrofia muscular,
bem como na prevencdo da necrose hepatica em ratos. Desde entdo grandes

esforcos foram feitos para elucidar a funcéo do Se e o impacto de sua deficiéncia na
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alimentacdo animal. Sabe-se que um 6timo status de Se no organismo fornece uma
adequada sintese de selenoproteinas, responsaveis pela prote¢do contra o estresse
oxidativo causado por diversos fatores estressantes da producdo comercial de aves
(Surai, 2018). Até o presente, cerca de 30 selenoproteinas foram identificadas,
principalmente com func¢des antioxidantes, sintese de DNA, horménio da tireoide e
reproducéo (Ducros e Favier, 2004; Kawai et al., 2018).

Frente a essas descobertas tem se buscado respostas aos niveis adequados
de suplementacédo deste mineral par aos animais de producéo. Em 1974 o Food and
Drug Administration (FDA), Agéncia Americana para Alimentos e Medicamentos,
concedeu a aprovacgao de 0,10 ppm de Se como suplemento alimentar para aves e
suinos e de 0,20 ppm para perus (FDA, 1974). A maioria das espécies de animais
domésticos teve exigéncias de Se publicadas dentro de uma variacéao de 0,05 ppm e
0,30 ppm (NRC, 1983). Esse numero foi aumentado posteriormente quando a
suplementacdo de 0,30 ppm de Se foi aprovada pela FDA (1987), valor que é
recomendado até hoje pela instituicdo (FDA, 2020).

Na literatura encontramos diversas recomendac¢fes quanto a suplementacao
de Se, algumas recomendacdes tradicionais para racdes de frangos de corte sao de
0,15 ppm, como no NRC (1994), indica¢Oes de faixas de suplementacao, dependendo
da fonte, como o case de Rostagno et al. (2017) que recomenda 0,18 a 0,35 ppm para
fontes inorganicas e 0,08 a 0,015 ppm para fontes organicas. O FEDNA (2018)
recomenda 0,34 ppm como suplementacdo méaxima. O EFSA (2012), Autoridade
Europeia para a Seguranca dos Alimentos, por sua vez, determina um conteudo
maximo de selénio nas dietas de aves, valor este que ndo pode ultrapassar 0,20 ppm
entre o Se suplementado e o ja existente nos ingredientes da dieta.

Recentemente foi demonstrado que a otimiza¢do da producdo de carne de
frango requer niveis mais altos de Se dietético quando comparado com as referéncias
citadas acima (Cemin et al.,, 2018). O desempenho produtivo do frango de corte
moderno tem melhorado com o passar do tempo (Havenstein et al., 2003), o que pode
ter sido impactado por uma reducdo continua da ingestdo de alimentos por unidade
de massa viva. Portanto, a ingestado de Se tem sido reduzida em paralelo ao aumento
das taxas metabdlicas necessarias para sustentar uma maior sintese muscular. Isto
levou a especulacdo sobre a necessidade de uma maior ingestdo de Se dietético do

gue normalmente recomendado ou feito comercialmente.
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Tradicionalmente a suplementacdo de Se é feita com sais de selenito. No
entanto possui algumas limitagbes que s&o bem conhecidas, que incluem, toxicidade,
interacdo com outros minerais e vitaminas, baixa eficiéncia em transferéncia para a
carne e ovos, aléem da falta de habilidade de constituir reservas e se manter
armazenado no organismo animal. Em resumo, uma expressiva parte do que 0s
animais consomem na forma inorganica é excretada (Surai, 2018).

Entretanto, inovadoras formas organicas de Se, nas quais este elemento
substitui o0 enxofre na molécula de metionina (Met), estdo disponiveis para uso na
alimentacdo animal (Prakash et al., 2018; Bakhsalinejad et al., 2019; Shabani et al.,
2019). Como a importancia do Se na nutricdo animal tem sido cada vez mais notada,
0 estudo de seu papel em outras vias metabdlicas além do crescimento animal pode
apresentar informacfes importantes. A hidroxi-selenometionina (OH-SeMet) € uma
nova fonte de Se, que foi desenvolvida utilizando-se o hidroxi analogo do Met 2-
hidroxi, &cido 4-metiltiobutirico, uma popular fonte suplementar de Met em dietas de
frangos de corte. Nesta estrutura molecular, o Se esta ligado por meio de duas
ligacdes covalentes simples (EFSA, 2013).

O Se suplementar do OH-SeMet néo foi totalmente investigado para atender
o desempenho in vivo, assim como outras possiveis respostas afetadas por esse
elemento. Portanto o objetivo do presente estudo foi avaliar o desempenho de
crescimento, o rendimento de carcaca e de peito e a severidade das lesdes de peito
amadeirado (WB), bem como a oxidacéo lipidica e a atividade enzimética de frangos
de corte alimentados com dietas suplementadas com niveis crescentes de Se
provenientes de OH-SeMet. As necessidades de Se para as respostas avaliadas
também foram estimadas usando-se o OH-SeMet como Unica fonte suplementar de
Se.
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2. REVISAO BIBLIOGRAFICA

2.1. Selénio

O Selénio foi descoberto por Jons Jacob Berzelius em Estocolmo, Suécia, e,
1817. Além de sua utilizacdo na area de nutricdo, outros ramos da industria tinham
interesse neste mineral, como a industria de vidro, ceramica, borracha, aco e
eletrOnica (Muth et al., 1958).

E um elemento quimico com o nimero atdémico 34, peso atdmico de 78,971u
(massa atdmica relativa), ponto de fusdo de 221°C e ponto de ebulicdo de 685°C. Ele
pertence aos Calcogénios, Grupo 16 (ndo metais), Familia VIA da tabela periddica,
onde também encontramos 0 oxigénio, enxofre, teldrio, polénio e livermoério (Lopes,
2019).

Dentre os diversos minerais, 0 Se tem um lugar especial, sendo o0 mais
controverso oligoelemento. A pesquisa deste elemento na nutricdo animal tem sido
alimentada por haver de um lado uma estreita lacuna entre essencialidade, toxicidade
e guestdes ambientais e por outro lado uma deficiéncia global de Se (Surai, 2018).

Houveram iniUmeros avancos na pesquisa do Se. O primeiro foi quando a
importancia nutricional do Se ficou evidente na década de 1950 quando foi
demostrado que a maioria das miopatias em bovinos e ovelhas, e a diatese oxidativa
em frangos puderam ser prevenidas pela suplementacédo dietética deste elemento e
da vitamina E (McDonald et al., 2002). O segundo foi a descoberta, em 1973, que a
glutationa peroxidase (GHS-Px) é uma seleno proteina. O terceiro avango veio quase
30 anos apods, com a caracterizacdo das principais selenoproteinas nos organismos
humano e animal e um maior entendimento do papel do Se na nutricdo e saude. De
fato, estas ultimas descobertas levaram a uma revolucdo do Se, com a criacdo de
inUmeras novas hipéteses, estimulo a novas pesquisas e fornecimento de aplicacbes
praticas na area da medicina e agropecuaria (Surai, 2018).

O selénio em conjunto com a vitamina E s@o responsaveis pela protecéo das
membranas celulares da acéo dos radicais livres, que sdo resultados bioquimicos do
metabolismo enddgeno normal da célula (Mc Donald et al., 2002 e Watanabe, 2010).
A GHS-Px possui quatro atomos de Se, sendo uma enzima com a capacidade de
catalisar a remoc¢éao do peroxido de hidrogénio (H202), transformando-o0 em oxigénio
(O2) e 4gua (H20), protegendo assim as membranas celulares de danos oxidativos.

Esta enzima € a segunda linha de defesa do organismo ap0s a vitamina E, desde que
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alguns peréxidos permanecem mesmo que 0s hiveis de vitamina E estejam
adequados (McDonald, 2002). O Se tem um efeito de economia na vitamina E,
garantindo a normal absor¢cédo desta vitamina, desta forma o Se reduz a quantidade
requerida de vitamina E para a manutencao da integridade das membranas lipidicas
e ajuda na retencao da vitamina E no plasma, segundo McDonald (2002). O autor
ainda afirma que a vitamina E também tem uma agc&o em poupar o Se, uma vez que
o mantém em sua forma ativa, prevenindo sua perda. Isso reduz a producédo de

hidroperoxidos e com isso a necessidade de GHS-Px para proteger as células.

2.2. Selénio na natureza

Na natureza encontraremos 0 Se em duas formas quimicas, organica e
inorganica. O Se elementar pode estar reduzido a Se? no estado de oxidacéo
(selenido) ou oxidado a Se** (SeOs?, selenito) ou Se*® (SeOs7?, selenato). Portanto, a
forma inorganica do Se pode ser encontrada em diferentes minerais na forma de
selenito, selenato ou selenido, bem como na forma cristalina, Se® (metalica) (Surai,
2018). Ao contrario das formas inorganicas, o Se encontrado em ingredientes de
racOes (forragens, gréos, oleaginosas e etc.) € parte integrante da gama de Se-
aminoacidos, incluindo selenometionina (SeMet) e selenocisteina (SeCys), além do
estado de oxidagdo Se. Como resultado, as aves receberdo o Se principalmente na
forma de SeMet (Combs e Combs, 1986; Surai, 2006), que é considerada a forma
nutricionalmente natural do Se para as aves (Surai, 2018).

O ciclo do Se na cadeia produtiva de proteina de aves se inicia no solo, que é
a maior fonte deste mineral para as lavouras cultivadas sobre ele, passam pela aves
gue consomem esses vegetais, com capacidade de assimilacdo de acordo com a
forma quimica presente, e fontes suplementares de Se na forma inorgéanica ou
organica e pelos humanos, com o consumo de certos vegetais e proteina de origem
animal. Esse ciclo pode ser muito variado uma vez que as concentracdes de Se no

solo variam muito entre regides (Reilly, 2006).

2.3. Selenometionina (SeMet) e Hidroxi-selenometionina (OH-SeMet)
Selenometionina comecou a ser estudada como uma possivel causa da
toxicidade do trigo selenifero na década de 1950. Posteriormente foi provado que a

SeMet pode ser sintetizada a partir de fontes de Se inorganico por diversas plantas,
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leveduras, algas marinhas, Candida albicans, Escherichia coli e bactérias ruminais
(Schrauzer, 2000, 2003; Schrauzes e Surai, 2009).

O Se na sua forma organica ocorre naturalmente como selenoaminoacidos
nas dietas dos animais e do homem. Desta forma o sistema digestivo se adaptou a
esta forma durante a evolugao, explicando assim porque existem diferencas na
assimilacdo e metabolismo entre as formas organicas e inorganicas de Se (Surai,
2002, 2006). O Se organico ocorre na forma de diversos selenoaminoacidos mas a
SeMet representa mais de 50% do Se na maioria dos ingredientes, incluindo gréos e
oleaginosas (Surai, 2018).

A SeMet pura é uma forma de se aumentar o Se biodisponivel para aves e
animais de producdo (Achrauzer, 2000, 2001, 2003; Achrauzer e Surai , 2009).
Podemos encontrar diversas publicacfes que mostram os efeitos benéficos do Se na
forma organica de SeMet em dietas de aves (Wang e Xu, 2008; Wang et al., 2011a;
Yuan et al.,, 2011, 2013) como a melhora do crescimento, maior concentracao
muscular de Se e atividade antioxidante em frangos, além de melhorar a qualidade da
carne de frango (Wang et al., 2021).

Na década de 2010, uma nova forma organica de Se foi desenvolvida e
introduzida no mercado, a selenometionina hidroxianaloga, &cido 2-hidroxi-4-metil-
selénio-butandico (HMSeBA) (Briens et al., 2013, 2014; EFSA, 2013). Esta nova fonte
foi comparada a outras fontes usuais de Se para aves, o selenito de sédio (SS) e o
selénio leveduras, quanto a deposicdo de Se total, SeMet e SeCys no musculo das
aves (Pectoralis major) e a digestibilidade total aparente do Se. Briens et al. (2014)
chegaram a resultados que comprovaram a maior biodisponibilidade das fontes de
selénio organico em relacdo a fonte mineral e puderam demonstrar ainda uma
significativa eficiéncia do HMSeBA, quando comparado com o selénio levedura, para
0 enriquecimento muscular por Se.

Surai (2018) pontuou as maiores diferencas entre as fontes organicas, SeMet
e OH-SeMet, quando comparadas com o selenito. As fontes organicas de Se possuem
uma absorg¢éo similar a metionina, com um transporte ativo no intestino, o selenito por
sua vez a absorvido por transporte passivo como oS outros minerais. As formas
organicas conseguem formar reservas no organismo com uma incorporacdo nao
especifica de SeMet nas proteinas, ja a forma inorganica ndo se acumula nos tecidos
animais. Como vantagens a forma organica possui ainda uma maior biodisponibilidade

para 0s animais, apresenta propriedades antioxidantes per se. A lista de propriedades
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da SeMet e OH-SeMet vai além, estimulando a producéo de enzimas reparadoras de
DNA, é transferida em maiores concentracfes para ovos e tecido muscular, sdo
neutras em relacéo a outros elementos, como vitaminas e minerais, e a presenca do
acido ascorbico favorece sua assimilacdo da dieta. Em situacdes de estresse as
reservas do organismo podem ser mobilizadas, provendo assim uma protecao
adicional. Por sua maior absorcao, possui um menor impacto ambiental, uma vez que
€ menos excretado junto as fezes e urina. Todas essas caracteristicas fazem com que
a forma organica apresente maior eficiéncia que o selenito. De Marco et al. (2021)
demostraram que uma fonte se Se organico tem maior bioeficicia quanto maior for a

sua propor¢ao de SeMet em seu conteudo.

2.4. Selénio na nutricdo de frangos

O Se na nutricdo de aves é relacionado ao uso em matrizes, incluindo fémeas
e machos, para melhorar as defesas antioxidantes dos reprodutores, dos
espermatozoides dos galos e dos embriées em desenvolvimento (Surai, 2018). O Se
também € importante para os frangos de corte, por possuir propriedades
imunomoduladoras e ajudar a proteger as células imunes do estresse oxidativo.
Possui ainda uma agao protetora no intestino mantendo o balangco antioxidante-
prooxidante nos eritrécitos e tem um efeito positivo na qualidade da carne, reduzindo
a oxidacdo proteica e prevenindo a perda por gotejamento. Portanto, a 6tima
suplementacdo com Se para frangos de corte é associada com a melhora da
imunidade, converséo alimentar (CA) e qualidade de carne (Surai, 2018).

Os avancos na bioquimica do Se proporcionou um melhor entendimento nas
principais diferencas entre o metabolismo das duas apresentacdes do Se, Se
inorganico (selenito ou selenato de sédio) e Se organico (essencialmente SeMet). O
Se organico, que pode ser encontrado nos ingredientes vegetais das racfes esta
principalmente sob a forma de SeMet e é metabolizado da mesma forma que a
metionina (Wolfram, 1999). A SeMet é transportada de forma ativa através das
membranas intestinais, durante a absor¢cdo e ativamente acumulada em alguns
tecidos como figado e musculos. E sabido que a metionina ndo é sintetizada pelas
aves e outros animais e por isso € um aminoacido essencial. O mesmo é verdade para
a SeMet, que ndo é sintetizada pelas aves e outros animais e deve ser entregue aos
animais via racao (Schrauzer, 2000, 2003; Schrauzer e Surai, 2009). Em

contrapartida, o Se inorganico é absorvido como um mineral, sendo pouco retido nas
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reservas teciduais. Por essa razdo uma grande parte do Se inorganico é excretada
com a urina ou uratos dos monogastricos, sendo uma pequena parte armazenada nos
tecidos (Wolfram, 1999).

Parece provavel que o Se ingerido seja firmemente ligado a albumina, que ira
transporta-lo ao figado onde o Se é liberado e servira como componente para a
sintese da selenoproteina P. Essa proteina € liberada na corrente sanguinea e servira
como transportadora do Se do figado para outros tecidos (Suzuki et al. 2009). De fato
o figado e os rins sédo considerados como 0s principais 0rgaos sintetizadores de
selenoproteinas, incluindo a selenoproteina P, GSH-Px celular (figado) e GSH-Px
extracelular (rins) (Suzuki et al., 2009).

A SeMet € uma forma ndo especifica de Se que é metabolizada como
constituinte do pool de metionina do organismo, sendo aleatoriamente distribuida,
desta forma nao é afetada pelos processos metabdlicos usuais do Se. Assim sendo a
SeMet pode ser considerada uma forma de armazenamento do Se no organismo das
aves e outros animais (Burk et al., 2001). Essas reservas podem ser utilizadas em
condicBes de estresse, onde a exigéncia de Se aumenta, mas o consumo deste
oligoelemento normalmente decresce uma vez que 0S animais tém um menor
consumo de alimentos quando estdo sob estresse. Nesta condicdo o catabolismo
proteico, realizado por proteassomos, podem liberar SeMet, que podem servir de fonte
de Se para as novas selenoproteinas que estdo sendo formadas como a GSH-Px,
tioredoxina redutase (TrxR), metionina sulféxido redutase, entre outras. Essas
enzimas tem a capacidade de processar o excesso de radicais livres presentes nas
situacdes de estresse e prevenir a queda da performance produtiva e reprodutiva dos

animais (Deagen et al., 1987).

2.5. Selénio: biodisponibilidade, absor¢&o e metabolismo

A biodisponibilidade do Se é influenciada por diversos fatores. Como 0s
animais ndo podem sintetizar SeMet ou distingui-la da metionina, como resultado a
SeMet é incorporada em uma gama de proteinas de uma forma ndo especifica
(Daniels, 1996). O Se, quando presente na forma de SeMet, consegue ser retido em
maior proporcao na proteina dos tecidos do que quando se apresenta na forma de
selenocisteina (SeCys) ou nas formas inorganicas. Além da forma quimica que o Se
se apresenta, outros fatores podem também influenciar a biodisponibilidade e

distribuicdo do Se no organismo. Segundo Thomson (1998) componentes da dieta,
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status fisiol6gico e de Se do animal, além da espécie, sdo cruciais no aproveitamento
deste mineral. Daniels (1996) constatou que o Se foi melhor absorvido em dietas de
alta proteina. Quando a dieta € limitada em metionina, ha a possibilidade de que a
SeMet seja preferencialmente incorporada as proteinas do animal, conforme sugere
Tian et al. (2001). Surai (2006) verificou que a biodisponibilidade do Se depende de
outros nutrientes da racao, incluindo o teor de cobre, zinco e manganés, além de
vitaminas como B2 e B6.

Algumas interacdes entre ingredientes sdo bastante relevantes e devem ser
consideradas nas dietas dos animais de producédo. O selenito pode ser dissolvido em
dietas com alta atividade de 4gua. Uma vez dissolvido, pode formar o &cido selenioso,
gue ao se volatilizar faz com que o Se da dieta seja perdido e ndo cumpra sua funcao
nutricional (Eisenberg, 2007). Em premix vitaminico e mineral, quando ha a presenca
de selenito de sédio e acido ascorbico e esses compostos se encontram, hd uma
reacdo quimica entre eles que leva a reducdo do selenito a Se elementar, que nesta
forma ndo é absorvido pelo trato gastrointestinal dos animais, de forma semelhante o
acido ascorbico também é oxidado perdendo sua funcéo biolégica. Essa reacéo pode
ocorrer tanto na embalagem de premix quanto dentro do trato gastrointestinal dos
animais (Gosetti et al., 2007). Ip (1986) constatou que o acido ascorbico é compativel
com o0 Se em sua forma organica dentro do premix e que o0 mesmo nao poderia ser
afirmado para o selenito ou o selenito. Isso € um ponto de atencdo principalmente
para o uso de acido ascorbico em doses crescentes, como usual nos premixes que
tem por objetivo reduzir o estresse dos animais, em especial o térmico.

Frente a incompatibilidades como essas, 0 uso do selenito de sddio nas dietas
animais tem sido questionado pela comunidade cientifica (Fisinin et al., 2008; Mahan
e Peters, 2004; Ortman e Pehrson, 1997, 1998; Surai, 2002, 2006; Surai e Fisinin,
2014, 2015, 2016a, 2016b). O selenito com sua acao prooxidante e interacdes com
outros nutrientes fez com que a industria de nutricdo animal buscasse outras fontes
de Se que fossem mais estaveis e efetivas para serem usadas como suplementacdo
deste mineral. Entdo, a forma mais simples foi a utilizacdo do Se na mesma forma que

ele se apresenta nas plantas, principalmente como SeMet (Surai, 2018).

2.6. A acdo do selénio na performance de crescimento de frangos
Muitos estudos confirmam que a suplementacdo de Se para as aves esta

relacionada com o aumento do crescimento, desenvolvimento e com a saude. Surai
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(2018) apontou a acdo antioxidante do Se, via as diversas selenoproteinas, a ativagdo
dos horménios da tireoide e a manutencdo da saude intestinal como fatores que
influenciam positivamente o0 crescimento e desenvolvimento das aves. As
propriedades imunomoduladoras do Se podem ajudar a manter o sistema imunoldgico
sem o gasto desnecessario de outros nutrientes, uma vez que esse sistema, quando
ativado, demanda um gasto metabdlico grande para manté-lo ativo, redirecionando
nutrientes que seriam utilizados para o crescimento e desenvolvimento (Song et al.,
2006; Surai, 2006). Segundo Valci¢ et al. (2011), quando os animais sao
suplementados com Se organico, em comparagdo com o selenito de sédio, ha uma
conversdo mais eficiente do pr6-hormonio T4 em T3 (forma ativa).

O desenvolvimento de aves nas duas primeiras semanas apo0s a eclosdo e
suplementadas com Se organico em selenito foi estudado por Papazyan e Surai
(2007). Foi observado que tanto a fonte de Se quanto a dose utilizada (0,2 ou 0,4
mg/kg) podem influenciar na morfologia intestinal das aves. Os pesquisadores
constataram que tanto o consumo de ra¢do quanto a conversao alimentar (CA) foram
melhoradas nas aves suplementadas com 0,2 mg/kg de Se organico e da mesma
forma a massa relativa do duodeno também foi superior. O autor Skfivan et al. (2008a)
observaram gue a suplementacdo de SeMet na dieta das aves fez com que as aves
ganhassem mais peso em comparagao com as aves suplementadas com selenito de
sédio ou ndo suplementadas.

A suplementagdo com Se se traduz em uma maior eficiéncia no ganho de
peso das aves. Dietas contendo doses de 0,1 e 0,25 mg/kg de Se organico e
inorganico se traduziram em melhora da CA com o aumento da dose, independente
da fonte utilizada. O escore de empenamento das aves foi melhorado com a adi¢éo
de Se, sendo a fonte organica superior ao selenito, da mesma forma a fonte organica
foi significativamente superior para aumentar o peso da carcaca eviscerada e
rendimento de peito (Naylor et al. 2000). A auséncia de Se suplementar se mostrou
prejudicial reduzindo o desempenho das aves e até mesmo aumentando a
mortalidade ao passo que o Se organico se mostrou superior para aumentar o
desempenho das aves quando comparado com selenito de sodio ou aos tratamentos
nao suplementados (Stolic et al., 2002). Observamos ainda relatos de frangos
consumindo dietas suplementadas com Se organico apresentando melhores
performances que 0s animais suplementados com selenito onde o ganho de peso foi

superior em 4,2% e a CA 9,8% mais eficiente. Em relacdo ao grupo suplementado
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com selenito, que apresentou uma mortalidade de 6,7%, o grupo suplementado com
a fonte organica obteve uma menor mortalidade, apresentando apenas 0,84%
(Vlahovic et al., 1998).

Em avaliacbes onde duas fontes de Se sdo utilizadas nos mesmos
tratamentos, foi observado um melhor desempenho das aves quando se utilizou uma
fonte suplementar de Se em comparacdo ao uso do selenito. Arruda et al.(2004)
avaliaram parametros produtivos de frangos de 1 a 42 dias de idade. Observaram que
a adicdo de 0,1 mg/kg de Se levedura em combinacdo com 0,2 mg/kg de selenito
proporcionou uma melhora no ganho de peso e CA quando comparado a 0,3 mg/kg
de selenito. Outra avaliacdo semelhante utilizou a associacdo de 0,2 mg/kg de Se
levedura com 0,1 mg/kg de selenito e também foi obtido uma melhora no ganho de
peso das aves. Em relacdo a CA, os autores observaram que ao se utilizar o Se
organico (0,1; 0,2 ou 0,3 mg/kg) sempre se tinha uma maior eficiéncia alimentar
guando comparado ao grupo suplementado apenas com selenito.

2.7. O papel do selénio na acado antioxidante em frangos

Alguns trabalhos recentes tém focado na agédo antioxidante do Se, em
especial na comparacéo entre diferentes fontes (Guo e Yuan, 1998; Wang e Xu, 2008;
Jiang et al., 2009; Wang et al., 2011; Chen et al., 2014). Chen et al. (2014) mostraram
qgue a atividade da GSH-Px do soro, superéxido dismutase (SOD) total, a habilidade
de inibicdo do radical hidroxil e a capacidade antioxidante total (T-AOC) de aves
suplementadas com Se levedura eram significantemente superiores as de aves que
consumiram selenito de sédio. Da mesma forma, a oxidacao lipidica, expressa em
conteudo de malonaldeido (MDA), foi significativamente menor nas aves que
receberam na dieta Se levedura do que nas que consumiram selenito de sodio. Da
mesma forma, a atividade de GSH-Px, em amostra de sangue total, foi
significativamente maior, com a adi¢ao de 0,35 mg/kg de Se de fonte organica do que
de fonte inorganica (Guo e Yuan, 1998). Wang e Xu (2008) demonstraram que a maior
atividade da GSH-Px em tecidos foi obtida quando Se orgéanico foi suplementado na
dieta das aves. O uso de 0,225 mg/kg de SeMet foi capaz de aumentar no soro T-
AOC, GSH-Px, superéxido dismutase total (T-SOD), atividade da catalase (CAT),
concentracéo de glutationa (GSH) e baixar a produgéo de MDA, quando comparado
com o tratamento ndo suplementado com Se ou suplementado com selenito de sédio

(Jiang et al., 2009). No musculo peitoral, Jiang et al.(2009), conseguiram observar
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ainda que a adicao de SeMet significativamente elevou T-AOC, GSH-Px, T-SOD,
atividade da CAT, conteudo de metalotioneina e GSH, e reduziu o contetudo de
proteina carbonilica. De forma similar, foi observado melhora substancial no status
antioxidante de frangos suplementados com L-SeMet em comparacdo com as aves
tratadas com selenito de sodio, essa comprovacao se deu pelo aumento significativo
da concentracdo da GSH no soro, figado e musculo peitoral, atividade de SOD no
figado, além da capacidade antioxidante total (T-AOC) nos rins, pancreas e musculo
peitoral e decréscimo da concentragdo de MDA nos rins, e musculo peitoral dos
frangos (Wang et al., 2011b).

A forma orgéanica do Se tem a capacidade de ser armazenada em grandes
guantidades na musculatura de aves, principalmente no musculo peitoral e nos
musculos das coxas e sobrecoxas. Bierla et al. (2008) observaram que a SeMet
compunha 66% e 56,1% do selénio total dos musculos do peito e pernas,
respectivamente. No entanto quando SeMet era suplementado para as aves a
proporcdo de SeMet nestes tecidos passou a 99% do total de Se, mostrando uma
incorporacdo ndo especifica da SeMet nas proteinas musculares. Com essa alta
concentracdo de Se nos musculos, devido a suplementacdo com fontes orgéanicas,
podemos considerar que h& nos organismos uma reserva preciosa de Se
principalmente quando os animais sdo expostos a condi¢cdes de estresse, quando ha
um incremento da necessidade de Se e o consumo de racdo e consequentemente de
Se diminuem (Surai e Fisinin, 2016b). O Se acumulado por fontes organicas e
armazenado na musculatura de aves é utilizado para sustentar a expressdo de
selenoproteinas como a GSH-PX, principalmente nos casos de baixa disponibilidade
de Se, quando a suplementacédo é cessada por falta de ingestdo de racdo (Payne e
Southern, 2005).

A GSH-Px foi a primeira selenoproteina descrita e é considerada como o0 mais
importante elemento do sistema de defesa antioxidante das células e do organismo
em geral (Surai, 2018). A familia da GSH-Px possui pelo menos oito membros, sendo
cinco deles enzimas dependentes de Se. Nas espécies de aves ocorrem quatro
espécies de GSH-Px (Surai, 2006). A GSH-Px foi descoberta por Mills em 1957 e entre
suas func¢des foi descrito a protecdo dos eritrocitos contra o peroxido de hidrogénio
(H202), ela é caracterizada pela alta especificidade da GSH como uma doadora de
redutor equivalente (substrato) e catalizadora de reducdo de uma variedade de

hidroperoxidos (Surai, 2018). Takebe et al. (2002) sugere que em diferentes condi¢cdes
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celulares e extracelulares uma combinacdo de selenoproteinas podem ser eficientes
na desintoxicacao por H202 e hidroperoxidos lipidicos. Segundo o autor a familia da
GSH-Px é uma parte importante da defesa antioxidante do organismo animal e essas
enzimas apresentam ainda outras importantes funcdes no metabolismo que exigem

investigagdes mais profundas.

2.8. Arelacdo do selénio com a qualidade da carne de frango

A SeMet é a forma complexada do Se que efetivamente consegue ser
depositada no tecido muscular (Surai, 2006). Desta forma, o Se na sua forma
organica, quando suplementado para as aves, consegue ser depositado nos musculos
melhorando a qualidade da carne, reduzindo a perda por gotejamento e peroxidacao
lipidica durante o armazenamento. Resultados obtidos por Naylor et al. (2000)
mostraram que as aves gque receberam suplementacao de Se organico em suas dietas
tiveram uma menor perda por gotejamento. O efeito dos diferentes niveis e fontes de
Se suplementar para aves e seu efeito sobre a qualidade da carne tem sido estudado
e os resultados apresentados por Periae et al (2007) ndo mostraram efeito das
suplementacdes com Se sobre alteragcbes no pH da carne mas a suplementagéo
significativamente reduziu a perda pro gotejamento apés 24 e 48 horas de
armazenamento.

Independente da fonte e dose de Se utilizado e dias de armazenagem,
caracteristicas sensoriais como odor, sabor e aceitacdo pelo consumidor ndo foram
alteradas para a carne de peito. No entanto a percepcédo do consumidor quanto a
coloracdo e suculéncia aos 12 dias foram favoraveis para os tratamentos
suplementados com Se (Ahmad et al., 2012).

Pesut et al. (2005) conduziram um experimento onde frangos foram
suplementados com diferentes niveis de Se orgéanico (0,05; 0,1 ou 0,3 mg/kg) com ou
sem a adicdo de 100 Ul de vitamina E. Conseguiram demonstrar que todos os niveis
de suplementacdo com Se ou vitamina E reduziram significativamente TBARS no
plasma aos 28 dias de idade. A atividade da GSH-Px no plasma também foi
aumentada em todos os tratamentos com Se. Desta forma concluiu-se que Se
levedura teria um efeito semelhante a vitamina E na concentragdo de MDA no plasma
e que a associacdo de Se com a vitamina E tem um efeito sinérgico. E provavel que
a SeMet eleve o conteudo de vitamina E na carne de frango (Skfivan et al., 2008a,b).

Provavelmente a suplementacéo de Se organico nao somente afete a expressao das
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seleno proteinas mas também possa potencializar o efeito de outras enzimas
antioxidantes e antioxidantes ndo enziméticos, aprimorando a efetividade dos
mecanismos antioxidantes de defesa do organismo. No entanto a efetividade do Se
organico na prevencdo da peroxidacao lipidica na carne de aves dependera de
diferentes fatores, o que inclui o conteudo basal de SeMet contido na racdo néo
suplementada e na qualidade e quantidade de Se suplementado (Surai, 2018).

Estes dados se assemelham aos obtidos por Perez et al. (2010) onde a
peroxidacao lipidica, em carne de frango congelada por seis meses, foi inibida por
suplementacao dietética de 0,3 mg/kg de SeMet. Da mesma forma, carne de peito de
frangos tiveram uma menor concentracdo de MDA quando as aves foram
suplementadas com fontes organicas de Se quando comparadas com as amostras
provenientes de aves que consumiram 0,15 mg/kg de Se na forma de selenito (Ahmad,
2012; Wang et al., 2010).

A substituicdo de selenito de sddio por uma fonte organica de Se, nas dietas
de frangos de corte, pode ser associado com a reducao da peroxidacéo lipidica em
amostras de carne de peito ao abate e aos trés e cindo dias de armazenagem a quatro
a seis graus Celsius (Chekani-Azar et al., 2010). Wang et al. (2011a) observaram, da
mesma forma, um efeito protetivo da suplementacédo de SeMet em comparacao com
o selenito de sbédio, ambos a 0,15 mg/kg, em termos de reducdo da peroxidacao
lipidica, com medidas de concentracdo de MDA de 0,44 e 0,78 nM/mg de proteina,
respectivamente, nas amostras de carne de peito frescas. Dlouh&a et al. (2008)
reportaram que o valor de MDA era inferior na carne de peito de aves, ap0s cinco dias
de armazenagem (trés a cinco graus Celsius), suplementadas com microalgas
(Chlorella) enriquecidas com Se em comparacao com a suplementacdo com selenito
de sédio. Aparentemente € provavel que haja um efeito estabilizador do Se associado
a integridade da membrada celular dos musculos (Surai, 2018).

O uso do Se organico tem se mostrado mais efetivo que o selenito para
aumentar a atividade da GSH-Px no sangue. Esse dado sugere que a qualidade da
carne pode ser melhorada pela inclusdo de Se organico na dieta das aves (Acamovic
e Bertin, 2007). A funcéo da oxidagao proteica na perda por gotejamento merece mais
atencdo. A ativacdo da enzima metionina sulfoxido redutase (MSR), selenoproteina
responsavel pela prevencao da oxidacao proteica, pelo Se dietético pode ser um dos
mecanismos que reduz a perda por gotejamento ao longo do armazenamento (Surai,
2006).
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2.9. Conclusdes

O Se € um oligoelemento essencial na nutricdo de aves e dos animais de
producao e a sua suplementacéo ideal € fundamental para a satude e desenvolvimento
destas espécies. Pudemos observar que inumeros estudos apontam as fontes
organicas de Se, principalmente a SeMet, como sendo mais biodisponiveis e seguras
que as fontes inorganicas, como o tradicional selenito de sadio.

O SeMet é aforma que o organismo tem de armazenar Se mas como as aves,
assim como 0s outros animais, ndo sao capazes de sintetizar SeMet, o fornecimento
via dieta deste elemento é essencial para que o organismo se desenvolva de forma
adequada e combata situacdes de estresse. Sob condi¢cdes estressantes, ha o
aumento da expressao de selenoproteinas, requerendo mais Se para sua formacao.
No entanto, sob estresse o0s animais reduzem o consumo de racdo e
consequentemente a ingestdo de Se, assim as reservas de Se do organismo,
principalmente nos musculos, sdo mobilizadas para atender a manutencdo das
defesas antioxidantes.

Podemos considerar a HMSeBA a terceira geracdo de Se para a
suplementacao dietética de aves (Surai, 2018). A primeira geragao inclui as formas
inorganicas como o selenito e selenato. A segunda geracao inclui as formas orgéanicas
como a seleno levedura, SeMet e Zn-SeMet. Essa nova forma de Se, o HMSeBA,
parece ser uma forma que combina vantagens das formas comerciais hoje disponiveis
de SeMet. Ela possui a estabilidade da SeMet das seleno leveduras e possui alta
concentracédo de SeMet que observamos na SeMet pura.

Ainda ha espaco para pesquisarmos os efeitos da SeMet no organismo das
aves como unica fonte de Se suplementar e determinar qual a exigéncia para esse

oligoelemento proporciona o melhor desenvolvimento dos animais.
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3. HIPOTESES E OBJETIVOS

Hipoteses

A suplementacao com hidroxi-selenometionina pode atender as exigéncias de
selénio para aves e melhorar o desempenho zootécnico dos frangos de corte.

O rendimento de carcaca de frangos de corte, bem como seus cortes podem
ser melhorados quando os animais séo alimentados com niveis crescentes de hidroxi-
selenometionina.

A suplementacé&o das dietas de frangos de corte com hidroxi-selenometionina
altera os niveis de oxidacgéo lipidica e a atividade enzimatica da GHS-Px em eritrcitos

e tecidos do jejuno, ileo, figado e peito.

Objetivos

Avaliar os efeitos de niveis crescentes de hidroxi-selenometionina sobre o
desempenho zootécnico e rendimento de carcaca e cortes comerciais de frangos de
corte.

Avaliar os efeitos de niveis crescentes de hidroxi-selenometionina sobre a
severidade de lesdes de peito amadeirado, bem como a oxidac¢ao lipidica e a atividade
de glutationa peroxidase no sangue, 6rgaos e tecidos de frangos de corte aos 35 e
aos 42 dias de idade.

Estimar a exigéncia de hidroxi-selenometionina, como Unica fonte de selénio,

para frangos de corte de acordo com os parametros avaliados e as respostas obtidas.
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ABSTRACT Selenium is essential and usually deficient in corn-soy diets for broilers.
Hydroxy-selenomethionine (OH-SeMet) is a commercial organic source scarcely
evaluated as a single supplemental source of Se. The objective of this study was to
evaluate the increasing Se supplementation from OH-SeMet on broiler live
performance, carcass yield and oxidation responses. A total of 1,500 Cobb 500 one-
day-old male chicks were fed five treatments with 12 replicates of 25 birds each in a 3-
phase feeding program from 1 to 42 d. Corn-soy feeds had no added OH-SeMet (with
0.0, 0.03, 0.03 and 0.02 ppm analyzed Se) or supplemented with 0.15, 0.30, 0.45 and
0.60 ppm of Se from OH-SeMet. At 35 and 42 d, five birds were randomly selected
from each pen, processed for carcass evaluation and scored for WB. At 42 d, breasts
were analyzed for cooking loss (CL) and water-holding capacity (WHC) as well as lipid
oxidation (TBARS) and glutathione peroxidase (GSH-Px) activity. Analyses were
conducted using quadratic polynomial (QP) and exponential asymptotic (EA)
regression models. Increasing OH-SeMet led to quadratic and exponential increases
(P <0.05) on BWG from 1to 21 d, 1 to 35 d and 1 to 42 d with optimum responses at
0.48 and 0.50 ppm, 0.44 and 0.49 ppm and 0.40 ppm dietary Se for QP and EA models,
respectively. Dietary Se that maximized breast and carcass yields at 42 d were 0.35
and 0.44 ppm using QP and 0.47 and 0.38 ppm Se using EA model. Dietary Se
increased GSH-Px activity in erythrocytes of broilers at 42 d was 0.27 ppm using QP
model (P < 0.05). No effects of Se levels were observed on WB scores at 35 and 42
d, CL and WHC as well as on TBARS in intestine, liver and breast muscle samples (P
> 0.05). Supplementation of Se from OH-SeMet in corn-soy feeds improved broiler
performance and carcass and breast yields. Average Se that optimized BWG was 0.46

whereas 0.44 ppm was needed for carcass and 0.38 ppm for breast yield.

Key words: broiler, growth performance, micromineral, requirement, wooden breast.
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INTRODUCTION

Selenium (Se) is an essential micromineral for animal growth that, however,
presents a narrow line between essentiality and toxicity among different species (Alian
et al., 2020). Growing crops that are usually fed to animals, on the other hand, do not
have a requirement for Se (Mikkelsen et al., 1989), even though low levels of Se have
reported few beneficial effects for some plants (Hasanuzzaman et al., 2011; Saidi et
al., 2014). Existing concerns related to Se toxicity, therefore, in practical feeding is
mainly related to a minority of plant species that can reach very high Se concentrations,
the so-called Se accumulators (Gupta and Gupta, 2017; Tinggi, 2003; Terry et al.,
2000). These are dependent on soil Se content, which varies depending on the rocks
that originate it as well as Se carrying anthropogenic activities such as irrigation and
mining (Mikkelsen et al., 1989).

The essentiality of Se for animals was firstly reported in 1957 by Schwarz and
Foltz (1957), after demonstrating the role of Se in muscular dystrophy as well as in the
prevention of liver necrosis in rats. Since then, major efforts have been made to
elucidate Se function and the impact of its deficiency in animal feeds. To the present,
about 30 selenoproteins have been identified, mainly carrying roles as antioxidants,
synthesis of DNA, thyroid hormones and reproduction (Ducros and Favier, 2004,
Kawai et al., 2018).

In 1974, the Food and Drug Administration (FDA) granted the approval for 0.10
ppm supplemental dietary Se for swine and chickens, and 0.20 ppm for turkeys (FDA,
1974). The majority of domestic animal species have had Se requirements published
in a range between 0.05 ppm to 0.30 ppm in the past (NRC, 1983). However, this figure
was later increased when supplemental Se at 0.30 ppm was approved by the FDA

(FDA, 1987). Traditional recommendations for Se supplementation in broiler feeds
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appeared as 0.15 ppm in the NRC (1994), whereas a range from 0.08 to 0.15 ppm Se,
when supplemented from organic sources were presented by Rostagno et al. (2017).
However, it has been recently demonstrated that optimization of broiler meat requires
higher dietary Se when compared to all the above cited references (Cemin et al., 2018).
Modern broiler chicken performance has been considerably improved with time
(Havenstein et al., 2003), which may have been impacted by a continuous reduced
feed intake per unit of growing live mass. Therefore, Se intake has been reduced in
parallel with increased metabolic rates needed to sustain greater muscle synthesis.
This has led to the speculation on the need of higher dietary Se than usually done
commercially.

Traditionally, Se supplementation is done with selenite salts. However, novelty
organic forms of Se, in which this element replaces sulphur in the methionine (Met)
molecule, are available for in-feed use (Prakash et al., 2018; Bakhsalinejad et al., 2019;
Shabani et al., 2019). Since Se involvement in nutrition has been increasingly noted,
the study of its role in metabolic pathways other than growth may present important
information. Hydroxy-selenomethionine (OH-SeMet) is a novel source of Se, which has
been developed using the hydroxy analogue of Met 2-hydroxy, 4-methylthiobutyric
acid, a popular supplemental source of Met in broiler feeds. In its structure, OH-SeMet
has Se linked via two single covalent bonds (EFSA, 2013).

The supplemental Se from OH-SeMet has not been fully investigated to attend
live performance as well as other potential responses affected by this element. The
objectives of the present study were to evaluate growth performance, carcass and
breast yields and the severity of wooden breast (WB) as well as lipid oxidation and

enzyme activity of broiler chickens fed diets supplemented with increasing levels of Se.
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Selenium requirements for the evaluated responses were also estimated using OH-

SeMet as the sole supplemental source of Se.
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MATERIALS AND METHODS
All procedures used in the present study were approved by the Ethics and
Research Committee of the Federal University of Rio Grande do Sul, Porto Alegre,

Brazil.

Bird Husbandry

A total of 1,500 slow-feathering, Cobb x Cobb 500 one-day-old male chicks (BRF,
Lajeado, RS, Brazil), vaccinated for Marek’s disease at the hatchery were randomly
placed into 60 floor pens (1.65 m x 1.65 m; 9.19 birds/m?) in a tunnel ventilated house.
Broilers were fed 5 experimental diets, with 12 replicates of 25 birds each, distributed
in a completely randomized design. Bedding material was new rice hulls and pens
were equipped with a 15 kg capacity tube feeder and 3 nipple drinkers. Birds had ad
libitum access to water and mash feeds. Average temperature was 32°C at placement,
being reduced 1°C every 2 days. Attempts to maintain thermal comfort were conducted
throughout the use of heaters, fans with evaporative coolers and foggers. Lighting was

continuous until 14 d of age, with a 16L:8D cycle used afterwards.

Experimental Feeds

The dietary treatments consisted of corn-soy all vegetable feeds having
increased supplemental Se from OH-SeMet as follow: 0.0, 0.15, 0.30, 0.45 and 0.60
ppm (Table 1). The commercially available OH-SeMet (Selisseo, Adisseo Brasil Ltda,
Séao Paulo, SP, Brazil) contains 2% Se and 5% 2-hydroxy, 4-methylthiobutyric acid. A
three-phase feeding program with starter (1 to 21 d), grower (21 to 35 d), and finisher

(35 to 42 d) feeds was used. Feeds were formulated as usual in the Brazilian broiler



37

industry. The non-supplemented starter, grower and finisher feeds had formulated Se

contents of 0.03, 0.03 and 0.02 ppm, respectively.

Experimental Procedures and Chemical Analysis

For each feeding phase a non-supplemented Se feed was prepared, which was
further added with OH-SeMet (previously mixed with finely ground soybean meal).
Feeds with 0 and 0.60 ppm supplemental Se were manufactured in 400 kg batches
and then proportionally blended to achieve the intermediate Se supplementation in the
different treatments. After preparation, the final diets were sampled and analyzed in
duplicate to determine Se concentration (method 999.10; AOAC International, 2000).
The ingredient composition of experimental diets (crude protein, calcium and
phosphorus) and expected Se from formulation are presented in Table 1.

Growth performance was evaluated by measuring body weight gain (BWG), feed
intake (FI) and FCR (corrected for the weight of dead birds) at 1, 7, 14, 21, 35 and 42
d. At 35 and 42 d, 5 birds were randomly selected from each pen and processed for
carcass and yield of commercial cuts. Prior to processing, broilers were fasted for 8 h
and then individually weighed. Birds were rendered insensible by electrical stunning
(45 V for 3 s), bled through a jugular vein cut for 3 min, scalded at 60°C for 45 s, and
lastly defeathered. Evisceration was manually performed with carcasses being
statically chilled in ice for approximately 3 h. Carcasses (without feet and neck) were
hung for 3 min to remove the excess of water prior to weighing. Commercial cuts were
performed by a crew of industry-trained personnel into bone-in drumsticks, thighs, and
wings, as well as deboned breast fillets and tenders. Abdominal fat was weighed

separately. Carcass yield was expressed as a percentage of live weight, while
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commercial cuts and abdominal fat were expressed as percentage of the eviscerated
carcass.

Deboned fillets were separated into groups by the presence or absence of WB at
35 and 42 d. Breast fillets were then submitted to a four-subject panel evaluation to
provide scores of WB as previously described by Sim&es et al. (2020). Scores included
the absence of WB (normal breast-score 0); mild hardening in the upper (score 1);
moderate hardening in the upper and/or lower part of the fillet (score 2); severe
hardening (score 3); and severe hardening with haemorrhagic lesions, increased
volume and presence of yellow fluid (score 4).

Samples of tissues and breast fillets were taken after 0, 3, 6 and 9 d of storage
at 4°C for lipid oxidation assessment. The oxidative stability was measured by using
thiobarbituric acid reactive substances (TBARS) according to the guidelines of
Botsoglou et al., (1994) and Liu et al. (2010). The TBARS was expressed as nmol of
malondialdehyde (MDA) per mg of sample. Water-holding capacity (WHC) and
cooking loss (CL) of breast samples were determined as described by Wierbicki and
Deatherage (1958). Glutathione peroxidase (GSH-Px) activity was determined
according to Paglia and Valentine (1967), being expressed in units per gram of sample

(Punchard and Kelly, 1996).

Statistical Analysis

The study was designed with a gradient treatment structure distributed in a
completely randomized design. Data were tested for homoscedasticity and normality
prior to statistical analyses. Data that were not normally distributed were square root
transformed for analyses, but the real means are the ones presented in tables of

results. Data were submitted to an ANOVA using the MIXED procedure of SAS (SAS,
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2009). Occurrence and grading of myopathies were analyzed by descriptive statistics.
Mean differences in the occurrence of WB and performance data were also separated
using Tukey’s HSD test. Significance was accepted at P < 0.05.

Estimations of maximum responses to total dietary Se were done using linear (L),
qguadratic polynomial (QP) and exponential asymptotic (EA) regression models. The L
model (Y =31 + B2 x X) had Y as the dependent variable, X as the dietary level of Se,
B1 as the intercept, and 2 as the linear coefficient. The QP model (Y = 1 + 2 x Se
+ B3 x (Se)?) had Y as the dependent variable as a function of dietary level of Se; 31
as the intercept; B2 as the linear coefficient and B3 as the quadratic coefficient. The
maximum response for Se was defined as Se = — 2 + (2 x $3). The EA model was
expressed as Y = B0 + 1 x (1 — EXP(- B2 x (Se — 3), where Y is the dependent
variable, B0 is the response for the dependent variable estimated for the feed with the
lower Se, B1 is the difference estimated between the minimum and maximum response
obtained by the increasing Se, 2 is the slope of the exponential curve, B3 is the Se at
the lower level. Maximum response at 95% of the plateau was obtained by In (0.05) +

— B2+ B3.

RESULTS
Analyzed Se in the experimental feeds were within acceptable ranges when
compared to formulated values (Table 1). There were no effects of treatments on
mortality (Grand mean = 1.57%) and feed intake was not affected by the treatments
throughout the study (P > 0.05).
Effects of the increasing dietary supplementation of OH-SeMet on BWG and FCR
of broiler chickens are shown in Table 2. Mean comparisons between treatments for

live performance showed no effects of dietary Se from 1 to 14 d; however, from 1 to
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21d,1to35dand 1to 42 d the BWG increased when Se was supplemented at 0.15,
0.45 and 0.30 ppm compared to the non-supplemented feeds (P < 0.05). Reductions
in FCR were observed when broilers were fed 0.45 ppm Se compared to non-
supplemented broilers from 1 to 21 d (P < 0.05); however, no differences were
observed in the other periods (P > 0.05). Mean comparisons of carcass and
commercial cuts of broilers fed increasing dietary Se from OH-SeMet are shown in
Table 3; no differences were observed by the Tukey test for carcass and commercial
cuts responses.

Estimations of optimized responses of performance and carcass yield by
regression analyses are presented in Table 4. No effects were observed using the
linear regression model (P > 0.05); however, increases in supplemental Se allowed
QP and EA adjustments (P < 0.001) for most live performance and meat responses.
Dietary Se that maximized BWG were 0.48 ppm (R? = 0.40), 0.44 ppm (R? =0.23) and
0.43 ppm (R? = 0.25) from 1 to 21 d, 1 to 35 d and 1 to 42 d, respectively, using the
QP model. Through the EA model, dietary Se that maximized BWG from 1to 21 d, 1
to 35 d and 1 to 42 d were 0.50 ppm (R? = 0.32), 0.49 ppm Se (R?= 0.11) and 0.40
ppm Se (R? = 0.17), respectively. Estimations of dietary Se that optimized FCR were
only obtained when the QP model was used and values that optimized this response
were 0.35 ppm and 0.32 ppm from 1 to 21 d and 1 to 35 d, respectively.

Significant regressions (P < 0.05) allowed for the estimation of dietary Se that
optimized carcass responses as follow: 42 d carcass weight and yield at 0.48 ppm (R?
= 0.25) and 0.44 (R? = 0.27) using the QP model as well as at 0.47 ppm (R? = 0.20)
and 0.38 (R? = 0.16) using the EA model; 42 d breast weight at 0.39 ppm (R? = 0.24)
and 0.30 ppm (R? = 0.10), respectively using QP and EA models; 42 d breast yields at

0.35 ppm (R? = 0.24) and 0.47 (R? = 0.20) using QP and EA models, respectively.
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No differences (P > 0.05) between treatments were observed on WB scores,
WHC and CL (Table 5) as well as on GSH-Px and TBARS in jejunum, ileum, liver and
breast muscle (Table 6). Increasing Se levels from OH-SeMet also did not affect WB
occurrence, WHC, CL and TBARS (P > 0.05); however, estimations of total dietary Se
that increased GSH-Px activity in erythrocytes were 0.27 ppm (R? = 0.16) using the

QP model.

DISCUSSION

Basal feeds used in this experiment were formulated with corn and soybean meal
containing nutrient and energy contents as usual in broiler commercial feeds, except
for Se. The majority of dietary Se in the current study was provided by OH-SeMet.
Traditionally, Se supplementation in broiler feeds varies between organic and inorganic
sources (most commonly from sodium selenite, f.i.). Increasing levels of supplemented
Se from OH-SeMet have not been fully investigated such that live performance and
carcass yield can be considered altogether.

Results observed in the present experiment indicated that Se supplementation
for broilers led to increases in BWG from 1 to 42 d. Moreover, broilers fed diets without
supplemented Se presented lower BWG and higher FCR compared to broilers fed
increasing dietary Se from OH-SeMet, demonstrating that their Se contents are below
requirements for optimum bird performance. Choct et al. (2004) observed higher BW
at 38 d and no effects on FI of broilers fed 0.25 ppm Se from Se yeast when compared
to sodium selenite at 0.10 or 0.25 ppm. On the other hand, Oliveira et al. (2014)
observed that Se yeast supplementation at 0.19 ppm of analyzed Se was enough to
obtain adequate bird performance until 42 d. Studies with Se resulting from

fermentation sources usually do not provide analyses of the molecule that binds Se.
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In the current study, increasing dietary Se from OH-SeMet resulted in quadratic
and exponential responses on broiler growth performance. Contents of Se that
maximized BWG from 1 to 42 d were 0.43 and 0.40 ppm, using EA and QP models,
respectively. Cemin et al. (2018) evaluated the supplementation of zinc-L-
selenomethionine (Zn-L-SeMet) from 1 to 42 d and observed that optimal dietary Se
for BWG and FCR were 0.67 and 0.63 ppm, respectively, using the QP model.

Optimal dietary Se supplementation observed in the current study were 0.44 and
0.38 ppm for carcass yield using EA and QP models, respectively. For breast yield at
42 d, the observed requirement was 0.35 and 0.47 ppm using EA and QP models,
respectively. Cemin et al. (2018) also verified quadratic increases on carcass and
breast yields at 42 d as well as higher dietary Se contents to optimize responses at
0.85 and 0.86 ppm, respectively. Previous studies from Downs et al. (2000) and Deniz
et al. (2005) did not show differences in BWG and carcass yields when broilers were
fed 0.30 ppm from Se yeast compared to non-supplemented diets. Research on Se
requirements with dietary Se levels higher than 0.30 ppm are scarce, presumably due
to FDA regulations (FDA, 1987).

In the current study, increasing Se levels had no effects on WB occurrence at 35
or42 d (P > 0.05). The WB is commonly related to high growth rates (Kuttappan et al.,
2012; Petracci and Cavani, 2012; Zimermann et al., 2012; Livingston et al., 2018;
Petracci et al., 2019; Aguirre et al., 2020; Simdes et al., 2020). The possibility that Se
supplementation can reduce the severity of myopathies through the amelioration of
antioxidant status in broilers may have been shadowed by the positive impact in the
growth rate produced by the increased Se in feeds.

Customer preferences for fresh meat that do not present water loss during

handling and cooking are important (Surai, 2015). These aspects of meat quality are
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related to the capability of muscle proteins to hold water efficiently within the cells
(Saleh et al., 2014). Once Se is involved in intra and in extracellular antioxidant
systems, it could be possible that the supplementation of Se can increase meat quality,
reducing water loss (Mahan and Parrett, 1996). Notwithstanding, in this study, no
differences among Se levels were observed on CL and WHC. Similarly, Boiago et al.
(2014) observed no effects on CL and WHC when evaluating meat from birds at 42 d
when fed diets with SeMet supplementation ranging from 0.0 to 0.5 ppm. In
corroboration with that, Gé¢cmen et al. (2016) did not verify any effect of Se yeast in
broilers fed on CL and WHC when tested at 0, 0.15, 0.30, 0.45 and 0.60 ppm Se.
Oliveira et al. (2014) observed higher breast CL (P < 0.05) from broilers fed 0.15 ppm
of Se from a yeast source when compared to those fed diets with 0.30, 0.45 and 0.60
ppm Se. These authors also observed a significant reduction in CL when using 0.60
ppm Se (15.87%).

The present study was not designed to compare effects of Se sources. Muscle
Se deposition, bioavailability of organic and inorganic Se sources as well as the impact
of Se on lipid oxidation and GSH-Px activity have been previously described
(Schrauzer, 2000; Briens et al., 2014; Markovic et al., 2018). Briens et al. (2014)
reported that OH-SeMet is a precursor of selenomethionine (SeMet), which is easily
converted and metabolized from dietary consumed OH-SeMet, including building Se
reserves in muscles.

Relationships between dietary Se supply and GSH-Px activity was demonstrated
to be dependent on Se source as well as in the investigated tissue (Bermingham et al.,
2014). In the current study, it was observed a quadratic increase on GSH-Px
concentration in erythrocytes with a maximum activity at 0.27 ppm Se. However, no

differences were observed in the GSH-Px concentration in muscle, liver and intestinal
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samples. Nonetheless, increasing Se levels in broiler feeds did not influence GSH-Px
activity in erythrocytes (Choct et al., 2004), plasma and breast muscle (Payne and
Southern, 2005; Leeson et al., 2008), thighs (Cichoski et al., 2012), or liver (Heindl et
al., 2010). Ingested Se is used to produce several selenoproteins besides GSH-Px
(Cichoski et al., 2012), which can be a supportive explanation for the findings in the
present study.

Increasing levels of Se supplementation improved GSH-Px activities in broiler
plasma (Wang et al., 2011; Rama Rao et al., 2013; G6¢cmen et al., 2016). Go¢cmen et
al. (2016) reported that the highest plasma and liver GSH-Px activity were observed
when broilers were fed 0.60 ppm Se from yeast compared to 0, 0.15 and 0.30 ppm.
Yoon et al. (2007) reported that the GSH-Px activity linearly increased when broilers
were fed from 0.1 to 0.3 ppm from Se yeast. Perhaps because Se is involved in several
protein synthesis, the effect of dietary Se supplementation can have inconsistent
effects on GSH-Px activity in broilers. Furthermore, Hu et al. (2012) observed that
GSH-Px produced the greatest response when 0.15 ppm from nano elemental Se was
fed to broilers, plasma GSH-Px activity reached a plateau, and did not increase further
with higher Se concentrations in the diet.

Lipid oxidation causes loss of nutritional value and produce potentially toxic
compounds that compromise meat quality and reduce its shelf life (Cortinas et al.,
2005). Metabolic antioxidant activities reduce muscle lipid oxidation by preventing free
radical production (Fellenberg and Speisky, 2006). However, in this experiment, there
were no differences on lipid oxidation when increasing levels of Se from OH-SeMet.
Boiago et al. (2014) also did not observe differences in lipid oxidation when evaluating

0, 0.3 and 0.5 ppm Se from selenomethionine in broiler feeds.
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In conclusion, presently determined Se requirements for broiler chickens fed
corn-soy diets were higher than presented to date in popular tables of
recommendations. Increasing Se levels resulted in improved broiler performance as
well as carcass and breast meat yields. Optimizing body weight with increased dietary
Se did not led to changes in the severity or occurrence of wooden breast; therefore,
the wooden breast myopathy do not seem to be associated with dietary Se content.
Maximum responses of Se from OH-SeMet for the cumulative BWG from 1 to 42 d
were estimated at 0.43 ppm and 0.40 ppm using QP and EA models, respectively.
Breast fillets responses to dietary Se were estimated at 0.35 and 0.47 ppm of Se using
the QP and EA models, respectively. The average Se that optimized BWG was 0.46

whereas 0.44 ppm was needed for carcass and 0.38 ppm for breast meat yields.
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Table 1. Ingredient and nutrient composition of feeds supplemented with increased

levels of hydroxy-selenomethionine.

Item l1to21d 21to35d 35to42d

Ingredients, %
Corn 48.62 53.67 58.26
Soybean meal 42.67 37.13 33.24
Soybean oil 4.20 5.40 5.21
Limestone 1.20 0.92 0.72
Dicalcium phosphate 2.04 1.68 141
Salt 0.51 0.46 0.43
Min. and Vit. Premix* 0.15 0.15 0.15
DL-Methionine, 99% 0.38 0.34 0.31
L-Lysine HCI, 78% 0.14 0.16 0.17
L-Threonine, 98.5% 0.04 0.04 0.04
Choline chloride, 60% 0.04 0.04 0.05

Energy and nutrients, % or as noted?
AME, kcall/kg 3,000 3,150 3,200
CP 23.5(23.8) 21.4 (22.2) 20.0 (20.5)
Ca 1.05 (1.01) 0.85 (0.80) 0.70 (0.67)
Total P 0.74 (0.75) 0.65 (0.66) 0.59 (0.58)
Av. P 0.50 0.43 0.37
Se 0.03 0.03 0.02
Choline, mg/kg 1,600 1,500 1,500
Dig. Lys 1.30 1.18 1.10
Dig. Met+Cys 1.00 0.91 0.85
Dig. Thr 0.84 0.77 0.71
Dig. Vval 1.00 0.91 0.87
Dig. Arg 1.52 1.36 1.25
Dig Trp 0.27 0.24 0.22
Dig. lle 0.94 0.84 0.78
Dig. Leu 1.80 1.67 1.58

1Composition per kg of feed: vitamin A, 8,000 Ul; vitamin Dz, 2,000 Ul; vitamin E, 30 Ul; 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, and 1,000 fungal phytase units (Novozymes A/S, Bagsvaerd, Denmark).

2Values in parenthesis were analyzed.



Table 2. Cumulative growth performance of broilers fed increasing dietary Se from hydroxy-selenomethionine.

Supplemental ltol14d lto21d 1to35d lto42d

OH-SeMet!, ) 3

opm BWG%, g FCR FI,g BWG,g FCR Fl, g BWG, g FCR FI, g BWG,g FCR Fl, g
0.00 365 1.391 507 815° 1.396 1,138 2,084 1516 3,165 2,792° 1.549 4,329
0.15 368 1.358 499 8512 1.347% 1,147 2,1322b 1472 3,141 2,881 1517 4,391
0.30 365 1.330 485 8622 1.335% 1,150 2,1672° 1.458 3,140 2,917 1521 4,441
0.45 379 1.334 505 8832 1.315° 1,162 2,203 1.455 3,187 2,9382 1.510 4,442
0.60 367 1.388 509 8722 1.366% 1,193 2,1652° 1.508 3,232 2,9142 1.546 4,509

SEM 0.004 0.010 0.005 0.005 0.010 0.010 0.010 0.011 0.030 0.014 0.011 0.041

P-value 0.321 0.129 0.253 0.001  0.050 0.315 0.001 0.436 0.534 0.002 0.183 0.140

abMeans within the same column with different superscripts differ by Tukey test (P < 0.05).

1Analyzed Se from hydroxy-selenomethionine were 0.03, 0.15, 0.33, 0.47, 0.62 ppm (starter), 0.03, 0.17, 0.35, 0.42, 0.57 ppm (grower), and 0.02, 0.15, 0.29,
0.43, 0.58 ppm (finisher).

2BWG = body weight gain.

SFI = feed intake.
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Table 3. Carcass and commercial cuts of broilers fed increasing dietary Se from hydroxy-selenomethionine at 35 and 42 d, %.

Supplemental Carcass? Abdominal fat  Breast fillets®  Breast tenders Thighs Drumsticks Wings
_ 1
I?;*mse'\"et : 35d 42d 35d 42d 35d 42d 35d 42d 35d 42d 35d 42d 35d  42d
0.00 79.6 78.9 129 134 225 246 532 5.80 16.8 17.8 12.1 11.9 10.2 10.1
0.15 79.8 79.0 1.30 143 221 245 524 5.79 17.2 17.7 12.2 11.8 10.3 10.1
0.30 80.4 79.7 1.25 1.30 224 251 5.20 5.45 17.1 17.7 11.8 11.8 10.2 10.0
0.45 80.5 80.0 1.30 1.25 23.0 257 5.26 5.55 16.8 17.4 11.9 11.6 10.2 10.1
0.60 80.3 795 1.20 1.47 228 248 535 5.52 17.0 17.8 11.9 11.8 10.4 10.1
SEM 0.26 0.16 0.02 0.03 0.02 0.16 0.05 0.06 0.08 0.09 0.06 0.06 0.05 0.04
P-value 0301 0.117 0.654 0.090 0.888 0.146 0.230 0.260 0.501 0.368 0.148 0.605 0.763 0.724

1Analyzed Se from hydroxy-selenomethionine were 0.03, 0.15, 0.33, 0.47, 0.62 ppm (starter), 0.03, 0.17, 0.35, 0.42, 0.57 ppm (grower), and 0.02, 0.15, 0.29,
0.43, 0.58 ppm (finisher).

2Eviscerated carcass as a percentage of body weight, whereas cuts were proportions of the eviscerated carcass (total = 600 birds).

3Skinless boneless Pectoralis major.



Table 4. Regression equations of broilers fed increasing dietary Se from hydroxy-selenomethionine?!
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Item Regression equations? Effect® R? P-value  Se requirement, ppm
Y= -207x2 + 286x + 816 oP 0.4020 0.013 0.48
BWG1to21d,g Y= 811 + 68.1x (1-exp (-5.95x (Se-0.03)) EA 0.3210 0.002 0.50
Y= -540x2 + 479x + 2,079 QP 0.2296 0.040 0.44
BWG1t035d, g Y= 2,069 + 118x (1-exp (-6.11x (Se-0.03)) EA 0.1129 0.002 0.49
Y= -876x2 + 754x + 2,794 P 0.2456 0.019 0.43
BWG 1to42d, g Y= 2,782 +146x (1-exp (-7.62x (Se-0.03)) A 0.1676 0.006 0.40
FCR1to021d Y= 7082 - 501X + 1.411 QP 0.1236 0.019 0.35
FCR1t035d Y= 758x2 - 490X + 1.532 QP 0.1064 0.018 0.32
Carcass*42 d. g Y= -461.00%2 + 445.33x + 2,253 QP 0.2488 0.028 0.48
: Y= 2,242 + 118 (1-exp (6.32x (Se — 0.03)) EA 0.1984 0.035 0.47
Carcass 42 d. % Y= -8.17x2 + 7.24x + 78.30 QP 0.2682 0.053 0.44
: Y= 78.45 + 1.55x (1-exp (7.79x (Se-0.03)) EA 0.1642 0.054 0.38
Breast filets" 42 . g Y= -200.23x2 + 226.8X + 554.65 QP 0.2406 0.016 0.39
: Y= 541 + 52.0x (1-exp (10.54x (Se — 0.03)) EA 0.1008 0.023 0.30
Bronst fillets 42 d. 0% Y= -8.87x2 + 6.26x + 23.75 QP 0.2368 0.041 0.35
: Y= 23.56 + 2.04x (1-exp (6.31x (Se-0.03)) EA 0.2010 0.018 0.47

1Regression equations considering analyzed Se levels: 0.03, 0.15, 0.33, 0.47, 0.62 ppm (starter), 0.03, 0.17, 0.35, 0.42, 0.57 ppm (grower), and 0.02, 0.15,
0.29, 0.43, 0.58 ppm (finisher) from hydroxy-selenomethionine (OH-SeMet).

2Quadratic polynomial (QP): Y = 1 + B2 x X + B3 x X?; where Y is the dependent variable, X is the dietary level of Se, B1 is the intercept, 2 and 33 are the
linear and quadratic coefficients, respectively; maximum response were obtained by calculating: - f2 + (2 x $3). Exponential asymptotic (EA): Y =0 + 1 x (1
—EXP (- B2 x (X-—B3), where Y is the dependent variable. X is the dietary Se supplementation, (30 is the response for the dependent variable estimated for the
feed with the lower Se, p1 is the difference estimated between the minimum and maximum response obtained by the increasing Se, B2 is the slope of the
exponential curve, B3 is the Se at the lower level; requirement were estimated by calculating (In(0.05)/— B2) + $3 for 95% of the requirement.

3Quadratic (QP) or exponential asymptotic (EA) effects (P < 0.05).

4Eviscerated carcass as a percentage of body weight, whereas cuts are proportions of the carcass.

5Skinless boneless Pectoralis major.
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Table 5. Average score and occurrence of wooden breast of broilers fed increasing dietary Se from hydroxy-selenomethionine.

Supplemental WB score? S\é\ﬁe WB occurrence® 35 d, % WB occurrence 42 d, % CL* % WHC?, %
_ 1
OH-SeMet’, ppm — 3574 42.d 1 2 3 4 1 2 3 4 35d 42d 35d 42d
0.00 2.11 2.94 38.8 18.7 375 54 4.2 20.8 625 125 3.5 5.8 88.1 86.8
0.15 2.06 3.01 31.9 229 417 5.0 0.0 20.8 625 17.0 3.3 6.5 849 87.2
0.30 2.25 2.94 32.8 255 426 21 4.4 304 435 217 3.3 6.1 87.9 86.6
0.45 2.19 2.75 29.2 229 459 41 16.7 33.3 417 8.3 3.5 51 88.3 85.6
0.60 2.08 2.81 28.7 245 4377 31 4.2 41.7 45.8 8.3 3.5 5.2 88.6 85.1
SEM 0.091 0.053 2.92 210 4.32 0.98 2.17 420 460 314 0.13 0.21 0.73 0.73
P-value 0.968 0.430 0.723 0.231 0.984 0.234 0.143 0.469 0395 0.617 0.979 0.593 0.520 0.802

1Analyzed Se from hydroxy-selenomethionine in dietary treatments: 0.03, 0.15, 0.33, 0.47, 0.62 ppm (starter), 0.03, 0.17, 0.35, 0.42, 0.57 ppm (grower), and
0.02, 0.15, 0.29, 0.43, 0.58 ppm (finisher).

2Average of wooden breast scores of broilers according to the dietary selenium supplementation. Scores ranged the absence of WB (normal breast-score 0);
mild hardening in the upper (score 1); moderate hardening in the upper and/or lower part of the fillet (score 2); severe hardening (score 3); and severe hardening
with haemorrhagic lesions, increased volume and presence of yellow fluid (score 4) (Sim&es et al., 2020). Wooden breast score values were square root
transformed but data presented in the table are their actual means.

SWooden breast occurrence is the percentage of scores from 1 to 4. Score 0 was not observed at 35 and 42 d.

4CL = cooking loss of breast muscle.

SWHC = water-holding capacity of breast muscle.
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Table 6. Glutathione peroxidase content and lipid oxidation samples collected from broilers fed increasing dietary Se from hydroxy-
selenomethionine.

Supplemental Glutathione peroxidase?, U/g Lipid oxidation (TBARS)?, nmol MDA/mg
OH-SeMet?, 4 . . Breast . , Breast
opm Erythrocytes* Jejunum lleum Liver muscle Erythrocytes Jejunum lleum Liver muscle
0.00 14.5P 12.2 15.6 11.4 5.72 116 0.125 0.168 0.289 0.016
0.15 22.32 10.1 17.2 14.5 6.26 101 0.136 0.137 0.113 0.013
0.30 18.7% 7.4 11.6 12.6 6.12 110 0.102 0.095 0.199 0.014
0.45 15.3° 8.0 19.8 16.6 5.51 111 0.130 0.129 0.106 0.010
0.60 16.0° 9.0 14.1 12.5 6.36 102 0.138 0.120 0.108 0.011
SEM 0.81 0.70 1.73 0.85 0.251 4.72 0.010 0.012 0.035 0.001
P-value 0.007 0.201 0.661 0.815 0.856 0.816 0.408 0.471 0.346

0.260

abMeans within the same column with different superscripts differ by Tukey test (P < 0.05).

1Analyzed Se from hydroxy-selenomethionine in dietary treatments: 0.03, 0.15, 0.33, 0.47, 0.62 ppm (starter), 0.03, 0.17, 0.35, 0.42, 0.57 ppm (grower), and
0.02, 0.15, 0.29, 0.43, 0.58 ppm (finisher).

2Glutathione peroxidase analyses were performed using homogenate samples of each tissue at 42 d.

8Thiobarbituric acid reactive substances performed in homogenate samples of tissues at 42 d.

4Regressions for erythrocytes were estimated considering analyzed Se levels: Y = -44.608x2 + 24.142x + 16.126; R2 = 0.1624; P = 0.039; Se requirement =
0.27 ppm using quadratic polynomial model.




4. CONSIDERACOES FINAIS

A suplementacdo de doses crescentes de hidroxi-selenometionina para
frangos de corte, conforme realizado neste estudo, demonstrou a capacidade desta
fonte organica de selénio em prover esse oligoelemento as aves, se refletindo em uma
resposta de desempenho com aumento significativo (P < 0,05) de ganho de peso e
rendimento de carne de peito e de carcaca.

Quanto a acao antioxidante do selénio, se observou que a suplementacéo de
OH-SeMet elevou significativamente (P < 0,05) os niveis e atividade de glutationa
peroxidase nos eritrocitos das aves. No entanto o mesmo nédo pode ser observado em
outros tecidos como jejuno, ileo, figado e musculatura peitoral, onde os niveis
crescentes de selénio ndo influenciaram na atividade da GSH-PX no valor de TBARS.

Os ensaios realizados para avaliar o aumento da qualidade da carne das aves
demonstraram que, neste estudo, ndo foi possivel observar reducéo das lesbes de
peito amadeirado. Da mesma forma, ndo foi possivel reduzir a perda por coccao ou
aumentar a capacidade de retencédo de agua da musculatura peitoral das aves.

Devemos ressaltar que com a avaliacdo para a determinagéo da exigéncia de
selénio a partir de uma fonte Unica de OH-SeMet, para aves, pudemos confirmar que
0s animais responderam a suplementacdo de forma positiva, aumentando sua
performance e rendimentos de carcaca e carne de peito, onde obtivemos valores
superiores aos da literatura para a suplementacdo deste oligoelemento para esta
espécie. Com as novas fontes de selénio que estdo surgindo no mercado ainda
teremos uma grande necessidade de investigarmos o requerimento deste mineral
para as diversas espécies, principalmente com as linhagens de alto desempenho que
a cada ano se tornam mais eficientes e reduzem o consumo relativo de nutrientes para

produzir mais carne.



61

5. REFERENCIAS

ABPA — ASSOCIAGAO BRASILEIRA DE PROTEINA ANIMAL. Relatério anual
2021. S&o Paulo: ABPA, 2021. 148 p.

ACAMOVIC, T.; BERTIN, G. The effects of selenium supplementation as sodium
selenite or Sel-Plex, in maize-based diets for turkey. In: ALLTECH'S ANNUAL
SYMPOSIUM, 23., 2007, Lexington. Proceedings [...]. Nottingham: Nottingham
University Press, 2007. supl. 1, p. 19.

AHMAD, H. et al. Effects of dietary sodium selenite and selenium yeast on
antioxidant enzyme activities and oxidative stability of chicken breast meat. Journal
of Agricultural and Food Chemistry, Washington, DC, v. 60, p. 7111-7120, 2012.

ALAIN, H. A. et al. Manoselenium effect on growth performance, carcass traits,
antioxidant activity, and immune status of broilers. Environmental Science and
Pollution Research, Berlin, v. 27, n. 31, p. 38607-38616, 2020.

ANCIUTI, M. A. et al. Effect of replacement of dietary inorganic by organic selenium
(Sel-Plex) on performance of broilers. In: ANNUAL SYMPOSIUM: NUTRITIONAL
BIOTECHNOLOGY IN THE FEED AND FOOD INDUSTRY, 20., 2004, Lexington.
Proceedings [...]. Nottingham: Nottingham University Press, 2004. supl. 1, p. 14.

ARRUDA, J. S.; RUTZ, F.; PAN, E. A. Influence of replacing dietary inorganic with
organic selenium (Sel-Plex) on performance of broilers. In: ANNUAL SYMPOSIUM:
NUTRITIONAL BIOTECHNOLOGY IN THE FEED AND FOOD INDUSTRY, 20.,
2004, Lexington. Proceedings [...]. Nottingham: Nottingham University Press, 2004.
supl. 1, p. 13.

BAKHSHALINEJAD, R.; HASSANABADI, A.; SWICK, R. A. Dietary sources and
levels of selenium supplements affects growth performance, carcass yield, meat
quality and tissue selenium deposition in broilers. Animal Nutrition, Beijing, v. 5, p.
256-263, 2019.

BIERLA, K. et al. Determination of selenocysteine and selenomethionine in edible
animal tissues by 2D size-exclusion reversed-phase HPLC-ICP MS following
carbamidomethylation and proteolytic extraction. Analytical and Bioanalytical
Chemistry, Heidelberg, v. 390, p. 1789-1798, 2008.

BRIENS, M. et al. 2-Hydroxy-4-methylselenobutanoic acid induces additional tissue
selenium enrichment in broiler chicken compared to other selenium sources. Poultry
Science, Oxford, v. 93, p. 85-93, 2014.

BRIENS, M. et al. Comparative study of a new organic selenium source v. seleno-
yeast and mineral selenium sources on muscle selenium enrichment and selenium
digestibility in broiler chickens. British Journal of Nutrition, Wallingford, v. 110, p.
617-624, 2013.



62

BURK, R. F.; HILL, K. E.; MOTEY, A. K. Plasma selenium in specific and non-
specific forms. Biofactors, Amsterdam, v. 14, p. 107-114, 2001.

CEMIN, H. S. et al. Broiler responses to increasing selenium supplementation using
Zn-L-selenomethionine with special attention to breast myopathies. Poultry Science,
Oxford, v. 97, p. 1832-1840, 2018.

CHEKANI-AZAR, S. et al. Effect of replacing inorganic by organic selenium sources
in diet of male broilers on selenium and vitamin E contents and oxidative stability of
meat. Journal of Animal and Veterinary Advances, Faisalabad, v. 9, p. 1501-1505,
2010.

CHEN, G.; WU, J.; LI, C. Effect of different selenium sources on production
performance and biochemical parameters of broilers. Journal of Animal Physiology
and Animal Nutrition, Berlin, v. 98, p. 747-754, 2014.

COMBS, G. F. Jr.; COMBS, S. B. The role of selenium in nutrition. New York:
Academic Press, 1986.

DANIELS, L. A. Selenium metabolism and bioavailability. Biological Trace Element
Research, London, v. 54, p. 185-199, 1996.

DE MARCO, M. et al. Bio-efficacy of organic selenium compounds in broiler
chickens. Italian Journal of Animal Science, Bologna, v. 20, p. 514-525, 2021.

DEAGEN, J. T. et al. Effects of dietary selenite, selenocystine and selenomethionine
on selenocysteine lyase and glutathione peroxidase activities and on selenium levels
in rat tissues. Journal of Nutrition, Rockville, v. 117, n. 1, p. 91-98, 1987.

DLOUHA, G. et al. Effect of dietary selenium sources on growth performance, breast
muscle selenium, glutathione peroxidase activity and oxidative stability in broilers.
Czech Journal of Animal Science, Praha, v. 53, p. 265-269, 2008.

DUCROS, V.; FAVIER, A. Métabolisme du sélénium. EMC - Endocrinologie, Paris,
v.1,n. 1, p.19-28, 2004.

EFSA — EUROPEAN FOOD SAFETY AUTHORITY. Scientific opinion on safety and
efficacy of hydroxy-analogue of selenomethionine as feed additive for all species.
EFSA Journal, Parma, p. 1-30, 2013.

EISENBERG, S. Relative stability of selenites and selenates in feed premixes as a
function of water activity. Journal of AOAC International, Arlington, v. 90, p. 349-
353, 2007.

FDA — FOOD AND DRUG ADMINISTRATION. Food additives: selenium in animal
feed. Federal Register, [Silver Spring], v. 39, p. 1355, 1974.

FDA — FOOD AND DRUG ADMINISTRATION. Food additives permitted in feed and
drinking water of animals: selenium. Federal Register, [Silver Spring], v. 52, p. 1087,
1987.



63

FDA — FOOD AND DRUG ADMINISTRATION. Part 573 - Food additives permitted in
feed and drinking water of animals: subpart B - Food additive listing: selenium. In:
FDA. Code of Federal Regulations. [Silver Spring]: FDA, 2020. Title 21, cap. 1, v. 6,
sec. 573.920.

FISININ, V. I.; PAPAZYAN, T. T.; SURAI, P. F. Selenium in poultry nutrition. In:
SURAI, P. F.; TAYLOR-PICKARD, J. (ed.). Current advances in Se research and
applications. Wageningen: Wageningen Academic, 2008. v. 1, p. 221-261.

GOSETTI, F. et al. Speciation of selenium in diet supplements by HPLC-MS/MS
methods. Food Chemistry, London, v. 105, p. 1738-1747, 2007.

GUO, Y. M.; YUAN, J. M. Effects of different dietary vitamin E, organic or inorganic
selenium levels on laying breeders. Chinese Journal of Animal Science, Beijing, V.
34, p. 10-12, 1998.

GUPTA, M.; GUPTA, S. An overview of selenium uptake, metabolism, and toxicity in
plants. Frontiers in Plant Science, Lausanne, v. 7, [art.] 2074, 2017.

HASANUZZAMAN, M.; HOSSAIN, M. A.; FUJITA, M. Selenium-induced up-
regulation of the antioxidant defense and methylglyoxal detoxification system
reduces salinity-induced damage in rapeseed seedlings. Biological Trace Element
Research, London, v. 143, n. 3, p. 1704-1721, 2011.

HAVENSTEIN, G. B.; FERKET, P. R.; QURESHI, M. A. Growth, livability, and feed
conversion of 1957 versus 2001 broilers when fed representative 1957 and 2001
broiler diets. Poultry Science, Champaign, v. 1, p. 1500-1508, 2003.

IP, C. Interaction of vitamin C and selenium supplementation in modification of
mammary carcinogenesis in rats. Journal of the National Cancer Institute,
Bethesda, v. 77, n. 1, p. 299-303, 1986.

JIANG, Z. et al. Effects of dietary selenomethionine supplementation on growth
performance, meat quality and antioxidant property in yellow broilers. Journal of
Agricultural and Food Chemistry, Washington, DC, v. 57, p. 9769-9772, 2009.

KAWAI, M. et al. Thyroid hormone status in patients with severe selenium deficiency.
Clinical Pediatric Endocrinology, Tokyo, v. 27, n. 2, p. 67-74, 2018.

LOPES, R. J.; BRUDNA, L. Um mergulho natabela periédica. Sdo Paulo: C6
Bank, 2019. 84 p.

MAHAN, D. C.; PETERS, J. C. Long-term effects of dietary organic and inorganic
selenium sources and levels on reproducing sows and their progeny. Journal of
Animal Science, Champaign, v. 82, p. 1343-1358, 2004.

MCDONALD, P. et al. Animal Nutrition, 6th ed. [New York]: Longman Group United
Kingdom, 2002. 708 p.



64

MIKKELSEN, R. L.; PAGE, A. L.; BINGHAM, F. T. Factors affecting selenium
accumulation by agricultural crops. In: JACOBS, L. W. (ed.). Selenium in
agriculture and the environment. Madison: American Society of Agronomy, 1989.
(SSSA Special Publications, v. 23). cap. 4, p. 65-94.

MUTH, O. H. et al. Effects of selenium and vitamin E on white muscle disease.
Science, New York, v. 128, n. 3331, p. 1090, 1958.

NAYLOR, A. J.; CHOCT, M.; JACQUES, K. A. Effects of selenium source and level
on performance and meat quality in male broilers. Poultry Science, Champaign, v.
79, p. 117-225, 2000.

NRC - NATIONAL RESEARCH COUNCIL. Nutrient requirements of poultry. 9th
rev. ed. Washington, DC: National Academy Press, 1994.

NRC - NATIONAL RESEARCH COUNCIL. Selenium in nutrition. Washington, DC.:
National Academy Press, 1983.

ORTMAN, K.; PEHRSON, B. Selenite and selenium yeast as feed supplements for
dairy cows. Zentralblatt fur Veterinarmedizin. Reihe A, Berlin, v. 44, p. 373-380,
1997.

ORTMAN, K.; PEHRSON, B. Selenite and selenium yeast as feed supplements to
growing fattening pigs. Zentralblatt fur Veterinarmedizin. Reihe A, Berlin, v. 45, p.
551-557, 1998.

PAYNE, R. L.; SOUTHERN, L. L. Changes in glutathione peroxidase and tissue
selenium concentrations of broilers after consuming a diet adequate in selenium.
Poultry Science, Champaign, v. 84, p. 1268-1276, 2005.

PEREZ, T. I. et al. Effects of vitamin E and organic selenium on oxidative stability of
omega-3 enriched dark chicken meat during cooking. Journal of Food Science, v.
75, p. 25-34, 2010.

PERIAE, L. et al. The influence of selenium source on the breast meat moisture loss.
In: ALLTECH’S ANNUAL SYMPOSIUM, 23., 2007, Lexington. Proceedings [...].
Nottingham: Nottingham University Press, 2007. supl. 1, p. 16.

PESUT, O. et al. Effect of organic selenium (Sel-Plex) in combination with alpha-
tocopherol on GSH-Px activity and TBARS in plasma broilers. In: ALLTECH’S
ANNUAL SYMPOSIUM, 21., 2005, Lexington. Proceedings [...]. Nottingham:
Nottingham University Press, 2005. supl. 1, p. 83.

PRAKASH, B. et al. Effect of supplementing selenized yeast on performance and
anti-oxidant responses in Vanaraja and commercial broiler chickens. Indian Journal
of Animal Research, Karnal, v. 53, p. 500-504, 2018.

REILLY, C. Selenium in food and health. New York: Springer, 2006.



65

ROSTAGNO, H. S. et al. Tabelas brasileiras para aves e suinos: composi¢cao de
alimentos e exigéncias nutricionais. 4. ed. Vicosa, MG: UFV. Departamento de
Zootecnia, 2017. 488 p.

RSC - ROYAL SOCIETY OF CHEMISTRY. Selenium. [London], 2021. Disponivel
em: https://lwww.rsc.org/periodic-table/element/34/selenium. Acesso em: 27 matr.
2021.

SAIDI, I.; CHTOUROU, Y.; DJEBALI, W. Selenium alleviates cadmium toxicity by
preventing oxidative stress in sunflower (Helianthus annuus) seedlings. Journal of
Plant Physiology, Stuttgart, v. 171, p. 85-91, 2014.

SCHRAUZER, G. N. Nutritional selenium supplements: product types, quality, and
safety. Journal of the American College of Nutrition, New York, v. 20, p. 1-4,
2001.

SCHRAUZER, G. N. Selenomethionine: a review of its nutritional significance,
metabolism and toxicity. Journal of Nutrition, Rockville, v. 130, p. 1653-1656, 2000.

SCHRAUZER, G. N. The nutritional significance, metabolism and toxicology of
selenomethionine. Advances in Food and Nutrition Research, San Diego, v. 47, p.
73-112, 2003.

SCHRAUZER, G. N.; SURAI, P. F. Selenium in human and animal nutrition: resolved
and unresolved issues. A partly historical treatise in commemoration of the fiftieth
anniversary of the discovery of the biological essentiality of selenium, dedicated to
the memory of Klaus Schwarz (1914-1978) on the occasion of the thirtieth
anniversary of his death. Critical Reviews in Biotechnology, London, v. 29, n. 1, p.
2-9, 20009.

SCHWARZ, K.; FOLTZ, C. M. Selenium as an integral part of Factor 3 against dietary
necrotic liver degeneration. Journal of the American Chemical Society,
Washington, DC, v. 79, p. 3292-3293, 1957.

SHABANI, R. et al. Effect of different sources of selenium on performance and
characteristics of immune system of broiler chickens. Revista Brasileira de
Zootecnia, Vicosa, MG, v. 48, [art.] e20180256, 2019.

SKRIVAN, M. et al. Dietary selenium increases vitamin E contents of egg yolk and
chicken meat. British Poultry Science, Abingdon, v. 49, p. 482-486, 2008a.

SKRIVAN, M. et al. Effect of dietary selenium on lipid oxidation, selenium and vitamin
E content in broiler chickens. Czech Journal of Animal Science, Praha, v. 53, p.
306-311, 2008b.

SONG, Z.; GUO, Y.; YUAN, J. Effect of dietary iodine and selenium on the activities
of blood lymphocytes in laying hens. Asian-Australasian Journal of Animal
Sciences, Seoul, v. 19, n. 5, p. 713-719, 2006.


https://www.rsc.org/periodic-table/element/34/selenium

66

SPALLHOLZ, J. E. Free radical generation by selenium compounds and their
prooxidant toxicity. Biomedical and Environmental Sciences, Beijing, v. 10, n. 2/3,
p. 260-270, 1997.

STOLIC, N. et al. Study of the improvements of the fattering chick feeding quality
using organic selenium. Biotechnology in Animal Husbandry, Beograd-Zemun,
v. 18, p. 239-246, 2002.

SURAI, P. F. Natural antioxidants in avian nutrition and reproduction.
Nottingham: Nottingham University Press, 2002.

SURAI, P. F. Selenium in nutrition and health. Nottingham: Nottingham University
Press, 2006.

SURAI, P. F. Selenium in poultry nutrition and health. Wageningen: Wageningen
Academic, 2018. 430 p.

SURAI, P. F.; FISININ, V. I. Selenium in livestock and other domestic animals. In:
HATFIELD, D. L. et al. Selenium: its molecular biology and role in human health.
New York: Springer International, 2016b. p. 595-606.

SURAI, P. F.; FISININ, V. I. Selenium in pig nutrition and reproduction: boars and
semen quality — a review. Asian-Australasian Journal of Animal Sciences, Seoul,
v. 28, p. 730-746, 2015.

SURAI, P. F.; FISININ, V. I. Selenium in poultry breeder nutrition: an update. Animal
Feed Science and Technology, Amsterdam, v. 191, p. 1-15, 2014.

SURAI, P. F.; FISININ, V. I. Selenium in sow nutrition. Animal Feed Science and
Technology, Amsterdam, v. 211, p. 18-30, 2016a.

SUZUKI, Y. et al. Dynamic pathways of selenium metabolism and excretion in mice
under different selenium nutritional stresses. Metallomics: Integrated Biometal
Science, Cambridge, v. 2, n. 2, p. 126-132, 2009.

TAKEBE, G. et al. A comparative study on the hydroperoxide and thiol specificity of
the glutathione peroxidase family and selenoprotein P. Journal of Biological
Chemistry, Baltimore, v. 277, p. 41254-41258, 2002.

TERRY, N. et al. Selenium in higher plants. Annual Review of Plant Physiology,
Palo Alto, v. 51, p. 401-432, 2000.

THOMSON, C. D. Selenium speciation in human body fluids. Analyst, Cambridge, v.
123, p. 827-831, 1998.

TIAN, Y. et al. Effect of methionine supplementation on the selenium bioavailability in
rats fed on grains from Keshan disease endemic area. Wei Sheng Yan Jiu, Beijing
Shi, v. 30, n. 1, p. 55-57, 2001.



67

TINGGI, U. Essentiality and toxicity of selenium and its status in Australia: a review.
Toxicology Letters, Amsterdam, v. 137, p. 103-110, 2003.

VALCIC, O.; JOVANOVIC, I. B.; MILANOVIC, S. Selenium, thiobarbituric acid
reactive substances, and thyroid hormone activation in broilers supplemented with
selenium as selenized yeast or sodium selenite. Japanese Journal of Veterinary
Research, Sapporo, v. 59, p. 69-77, 2011.

VLAHOVIC, M. et al. Influence of different selenium sources on broiler performance.
Yugoslav Poultry Science, Belgrade, v. 3, p. 3-4, 1998.

WANG, Y. et al. Comparison of different forms of dietary selenium supplementation
on growth performance, meat quality, selenium deposition, and antioxidant property
in broilers. Biological Trace Element Research, London, v. 143, p. 261-273, 2011b.

WANG, Y.-B.; XU, B.-H. Effect of different selenium source (sodium selenite and
selenium yeast) on broiler chickens. Animal Feed Science and Technology,
Amsterdam, v. 144, p. 306-314, 2008.

WANG, Y. X. et al. Comparison of different forms of dietary selenium
supplementation on growth performance, meat quality, selenium deposition, and
antioxidant property in broilers. Biological Trace Element Research, London, v.
143, p. 261-273, 2010.

WANG, Y. X. et al. Influence of dietary selenomethionine supplementation on
performance and selenium status of broiler breeders and their subsequent progeny.
Biological Trace Element Research, London, v. 143, p. 1497-1507, 2011a.

WANG, C.-L. et al. Effects of selenium source and level on growth performance,
antioxidative ability and meat quality of broilers. Journal of Integrative Agriculture,
Beijing, v. 20, p. 227-235, 2021.

WATANABE, T. T. N. Oligoelementos no metabolismo. Porto Alegre, 2010. 10 p.
Seminario apresentado na disciplina de Bioquimica do tecido animal. Programa de
Pos-Graduacao em Ciéncias Veterinarias da Universidade Federal do Rio Grande do
Sul.

WHANGER, P. et al. Metabolism of subtoxic levels of selenium in animals and
humans. Annals of Clinical Laboratory Science, Philadelphia, v. 26, p. 99-113,
1996.

WOLFFRAM, S. Absorption and metabolism of selenium: difference between
inorganic and organic sources. In: LYONS, T. P.; JACQUES, K. A. (ed.).
Biotechnology in the feed industry. Nottingham: Nottingham University Press,
1999. p. 547-566.

WOLFFRAM, S. et al. Transport of selenoamino acids and their sulfur analogues
across the intestinal brush border membrane of pigs. Journal of Nutrition, Rockville,
v. 119, p. 706-712, 1989.



68

YUAN, D. et al. Regulation of selenoprotein P concentration and expression by
different sources of selenium in broiler breeders and their offspring. Poultry Science,
Champaign, v. 92, p. 2375-2380, 2013.

YUAN, D.; ZHAN, X.; WANG, Y. Effects of selenium sources and levels on
reproductive performance and selenium retention in broiler breeder, egg, developing
embryo, and 1-day-old chick. Biological Trace Element Research, London, v. 144,
p. 705-714, 2011.



APENDICE

69



70

APENDICE 1 — Normas utilizadas para preparacéo do Capitulo I

POULTRY SCIENCE: AUTHOR INFORMATION PACK
GUIDE FOR AUTHORS

SCOPE AND GENERAL INFORMATION AIMS AND SCOPE

Poultry Science® is now Gold Open Access (OA). The article processing charge (APC)
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high-caliber research. The journal plays a pivotal role in the dissemination of
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Open Access journal with no subscription charges, meaning authors who publish here
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An international journal, Poultry Science publishes original papers, research notes,
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SUBMISSION
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Research Notes

Research Notes report the results of complete experiments but are less
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numbers, or limited replication. Manuscripts should be prepared according to the
guidelines for full-length articles. The title of a Research Note must begin with the
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heading is not permitted. Supplementary data are not permitted. These papers are
limited to: 1) 3,000 words or approximately nine typed, double-spaced pages; 2) two
tables or figures or one of each; and 3) maximum ten (10) references. Authors must
also indicate the section under which the manuscript is to be reviewed on the
manuscript title page and on the Manuscript Submission Form. Editors may request
that submitted full-length papers be revised for publication as Research Notes.

Symposium Papers

Symposium chair must decide whether or not the symposium is to be published and
will inform the editor-in-chief of this decision at the January meeting. If the decision is
not to publish the symposium, the individual authors retain the right to submit their
papers for consideration for the journal as ordinary manuscripts. If publication is
decided upon, all manuscript style and form guidelines of the journal shall be followed.
If you are interested in publishing a symposium in Poultry Science, please contact the
editor-in-chief for full guidelines.

Invited Papers
Invited papers are subject to review, and all manuscript style and form guidelines of
the journal shall be followed. Invited papers are exempt from open access fee.

Invited Reviews

Invited Reviews will be approximately 10 published pages and in review format.
Nominations or suggestions for potential timely reviews are welcomed and should be
sent directly to the editor-inchief.

Contemporary Issues

Contemporary Issues will address critical issues facing poultry scientists and the
poultry industry. As such, submissions to this section should be of interest to any
poultry scientist, to the industry, to instructors and faculty teaching contemporary
issues classes, and to undergraduate and graduate students. The section will consist
of short papers (approximately 2 published pages) written in essay format and will
include an abstract, appropriate subheadings, and references.

Book Reviews

A limited number of book reviews will publish in Poultry Science. Book reviews shall
be prepared in accordance to the style and form requirements of the journal, and they
are subject to editorial revision. No fees will be assessed.

Letters to the Editor

The purpose of letters will be to discuss, critique, or expand on scientific points made
in articles recently published in Poultry Science. Introduction of unpublished data will
not be allowed, nor will material based on conjecture or speculation. Letters must be
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received within 6 months of an article's publication. Letters will be limited to 400 words
and 5 references. The author(s) of the original paper(s) will be provided a copy of the
letter and offered the opportunity to submit for consideration a reply within 30 days.
Replies will have the same page restrictions and format as letters, and the titles shall
end with "-Reply." Letters and replies will be published together. Letters and replies
shall follow appropriate Poultry Science formatting and may be edited by the editor-in-
chief and a technical editor. If multiple letters on the same topic are received, a
representative letter concerning a specific article may be published. Letters and replies
will be published as space permits.

JOURNAL POLICIES

PEER REVIEW PROCESS

This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
sent to a minimum of two independent expert reviewers to assess the scientific quality
of the paper, frequently under the direction of a section editor with expertise in the
manuscript topic. The Editor is responsible for the final decision regarding acceptance
or rejection of articles. The Editor's decision is final. For more information on the types
of peer review, please visit: https://www.elsevier.com/reviewers/peer-review.

All submissions to the journal are initially reviewed by the editorial office. At this stage,
manuscripts may be rejected without peer review if it is felt that they are not relevant
to the journal's scope or do not conform to manuscript formatting requirements. This
fast rejection process means that authors are given a quick decision and do not need
to wait for the review process.

Manuscripts that pass initial screening will be forwarded to the appropriate section
editor. The section editor may suggest rejection based on fatal design flaw,
inappropriate replications, lack of novelty, or other major concerns. If appropriate, the
paper will be sent out for peer review, usually to 2 independent reviewers who will
provide comments. The section editor may recommend rejection or acceptance at this
point, after which the manuscript and reviewer comments are made available to the
editor-in-chief for a final decision to the authors. The manuscript will be sent back to
the corresponding author for revision according to the guidelines of the reviewers.
Authors have 30 days to complete the revision, which shall be returned to the section
editor. Failure to return the manuscript within 30 days will lock the author out of re-
submitting the revision.

Rejected manuscripts can be resubmitted only with an invitation from the section editor
or editor-inchief. Revised versions of previously rejected manuscripts are treated as
new submissions.

PRE-SUBMISSION LANGUAGE EDITING

Please write your text in good English (American usage). 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 Author Services.

POST-PRODUCTION CORRECTIONS

No correction to a paper already published will be carried out without an erratum or
corrigendum (as applicable), this applies to articles in press and published within an
issue. This means that any change carried out to a paper already published online will
have a corresponding erratum or corrigendum published with its own separate DOI.



74

Whether as an article in press or in an issue, if an erratum or corrigendum is published,
the online version of the original paper will also be corrected online and the correction
notice will mention this. Corrections will only be made if the publication record is
seriously affected by the academic accuracy of published information.

Authors' corrections to Supplementary Data are made only in exceptional
circumstances (for example major errors that compromise the conclusion of the study).
Because the Supplementary Data is part of the original paper and hence the published
record, the information cannot be updated if new data have become available or
interpretations have changed.

ETHICS
Please see our information pages on Ethics in publishing and Ethical guidelines for
journal publication.

CARE AND USE OF ANIMALS

Authors must make it clear that experiments were conducted in a manner that avoided
unnecessary discomfort to the animals by the use of proper management and
laboratory techniques. Experiments shall be conducted in accordance with the
principles and specific guidelines presented in Guide for the Care and Use of
Agricultural Animals in Research and Teaching, 3rd edition, 2010 (found here); and, if
applicable, Guide for the Care and Use of Laboratory Animals (United States
Department of Human Health and Services, National Institutes of Health, Publication
Number ISBN 0-309-05377-3, 1996); or Guide to the Care and Use of Experimental
Animals, 2nd ed. Volume 1, 1993 (Canadian Council on Animal Care). Methods of
killing experimental animals must be described in the text. In describing surgical
procedures, the type and dosage of the anesthetic agent must be specified. Intra-
abdominal and intrathoracic invasive surgery requires anesthesia. This includes
caponization. The editor-in- chief of Poultry Science may refuse to publish manuscripts
that are not compatible with these guides. If rejected solely on that basis, however, the
paper may be resubmitted for reconsideration when accompanied by a written
verification that a committee on animal care in research has approved the experimental
design and procedures involved.

THIRD PARTY COPYRIGHT

As a general rule, permission should be sought from the rights holder to reproduce any
substantial part of a copyrighted work. This includes any text, illustrations, charts,
tables, photographs, or other material from previously published sources. For more
information on third party permissions, visit https://www.elsevier.com/permissions.

DECLARATION OF INTEREST

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration
of interest statement in the title page file (if double-blind) or the manuscript file (if single-
blind). If there are no interests to declare then please state this: 'Declarations of
interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form,
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which forms part of the journal's official records. It is important for potential interests to
be declared in both places and that the information matches. More information.

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 a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some funding bodies will
reimburse the author for the gold open access publication fee. Details of existing
agreements are available online. After acceptance, open access papers will be
published under a noncommercial license. For authors requiring a commercial CC BY
license, you can apply after your manuscript is accepted for publication.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements: Funding: This work was supported by the National Institutes of Health
[grant numbers xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

COPYRIGHT

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Author Rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.



76

OPEN ACCESS

This is an open access journal: all articles will be immediately and permanently free for
everyone to read and download. To provide open access, this journal has an open
access fee (also known as an article publishing charge APC) which needs to be paid
by the authors or on their behalf e.g. by their research funder or institution. Permitted
third party (re)use is defined by the following Creative Commons user licenses:
Creative Commons Attribution (CC BY): 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 or data mine the article, even for commercial purposes, as
long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the
author's honor or reputation.

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.

Open access fee

The open access publication fee for this journal for research articles and review articles
is USD 2000, excluding taxes. The open access publication fee is USD 1500 if the
corresponding author is a member of the Poultry Science Association. The open
access publication fee for research notes is USD 1000, excluding taxes, or USD 750,
excluding taxes, if the corresponding author is a member of Poultry Science
Association. (Note: The corresponding author must be a Poultry Science Association
member before the article is accepted for the discount to apply.) Learn more about
Elsevier's pricing policy: https://lwww.elsevier.com/openaccesspricing.

Shortly after acceptance, the corresponding author will be contacted regarding license
options, funding information, and payment of the Open Access fee.

PREPARATION OF MANUSCRIPT

MANUSCRIPT FORMATTING

General

Papers must be written in English. The text and all supporting materials must use
American spelling and usage as given in The American Heritage Dictionary, Webster's
Third New International Dictionary, or the Oxford American English Dictionary. Authors
should follow the style and form recommended in Scientific Style and Format: The CSE
Manual for Authors, Editors, and Publishers. 2006. 7th ed. Style Manual Committee,
Council of Science Editors, Reston, VA.

Preparing the manuscript file

Manuscripts should be typed double-spaced, with lines and pages numbered
consecutively, using Times New Roman font at 12 points. All special characters (e.g.,
Greek, math, symbols) should be inserted using the symbols palette available in this
font. Please submit math equations as editable text and not as images. Tables and
figure legends should be placed in a separate section at the end of the manuscript (not
placed within the text). Figure files should be uploaded as separate files (not embedded
in the manuscript).

Use of word-processing software:
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It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that
source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and
‘grammar-check’ functions of your word processor.

Headings

Major headings

Major headings are centered (except ABSTRACT), all capitals, boldface, and consist
of ABSTRACT, INTRODUCTION, MATERIALS AND METHODS, RESULTS,
DISCUSSION (or RESULTS AND DISCUSSION), ACKNOWLEDGMENTS (optional),
APPENDIX (optional), and REFERENCES.

First subheadings

First subheadings are placed on a separate line, begin at the left margin, the first letter
of all important words is capitalized, and the headings are boldface and italic. Text that
follows a first subheading should be in a new paragraph.

Second subheadings

Second subheadings begin the first line of a paragraph. They are indented, boldface,
italic, and followed by a period. The first letter of each important word should be
capitalized. The text follows immediately after the final period of the subheading.

TITLE PAGE

The title page shall begin with a running head (short title) of not more than 45
characters. The running head is centered, is in all capital letters, and shall appear on
the top of the title page. No abbreviations should be used.

The title of the paper must be in boldface; the first letter of the article title and proper
names are capitalized, and the remainder of the title is lowercase. The title must not
have abbreviations.

Under the title, names of authors should be typed (first name or initial, middle initial,
last name). Affiliations will be footnoted using the following symbols: *, 1, 1, §, 1, ||, and
be placed below the author names. Do not give authors' titles, positions, or degrees.
Numbered footnotes may be used to provide supplementary information, such as
present address, acknowledgment of grants, and experiment station or journal series
number. The corresponding author should be indicated with a numbered footnote (e.g.,
Corresponding author: name@university.edu). Note: Poultry Science allows a single
corresponding author; co-corresponding authors are not permitted.

In some instances, the first two authors of a manuscript may be designated as equal
contributors. However, the corresponding author should be prepared to justify such
designation, if asked by the editorial staff. More than two equal contributors is not
permitted under any circumstance.

Note that there is no period after the corresponding author's e-mail address. The title
page shall include the name and full address of the corresponding author. Telephone
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numbers and e-mail address must also be provided. The title page must indicate the
appropriate scientific section for the paper (i.e., Animal Well-Being and Behavior;
Genetics and Genomics; Immunology, Health and Disease; Metabolism and Nutrition;
Molecular and Cellular Biology; Physiology and Reproduction; Processing and
Products; Microbiology and Food Safety; Management and Production).

Changes to authorship

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of the
original submission. Any addition, deletion or rearrangement of author names in the
authorship list should be made only before the manuscript has been accepted and only
if approved by the journal Editor. To request such a change, the Editor must receive
the following from the corresponding author: (a) the reason for the change in author
list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed. Once a paper reaches
the proof stage, no changes to the author list are permitted.

ABBREVIATIONS

Author-derived abbreviations should be defined at first use in the abstract and again in
the body of the manuscript. The abbreviation will be shown in bold type at first use in
the body of the manuscript. Refer to the Miscellaneous Usage Notes for more
information on abbreviations.

ABSTRACT

The Abstract disseminates scientific information through abstracting journals and
through convenience for the readers. The Abstract, consisting of not more than 325
words, appears at the beginning of the manuscript with the word ABSTRACT without
a following period. It must summarize the major objectives, methods, results,
conclusions, and practical applications of the research. The Abstract must consist of
complete sentences and use of abbreviations should be limited. References to other
work and footnotes are not permitted. The Abstract and Key Words must be on a
separate sheet of paper.

KEY WORDS

The Abstract shall be followed by a maximum of five key words or phrases to be used
for subject indexing. These should include important words from the title and the
running head and should be singular, not plural, terms (e.g., broiler, not broilers). Key
words should be formatted as follows: Key words: . . .

ARTICLE STRUCTURE

Introduction

The Introduction, while brief, should provide the reader with information necessary for
understanding research presented in the paper. Previous work on the topic should be
summarized, and the objectives of the current research must be clearly stated.

Materials and methods

All sources of products, equipment, and chemicals used in the experiments must be
specified parenthetically at first mention in text, tables, and figures [i.e., (model 123,
ABC Corp., Provo, UT)]. Model and catalog numbers should be included. Information
shall include the full corporate name (including division, branch, or other subordinate
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part of the corporation, if applicable), city, and state (country if outside the United
States), or Web address. Street addresses need not be given unless the reader would
not be able to determine the full address for mailing purposes easily by consulting
standard references.

Age, sex, breed, and strain or genetic stock of animals used in the experiments shall
be specified. Animal care guidelines should be referenced if appropriate.

Papers must contain analyzed values for those dietary ingredients that are crucial to
the experiment. Papers dealing with the effects of feed additives or graded levels of a
specific nutrient must give analyzed values for the relevant additive or nutrient in the
diet(s). If products were used that contain different potentially active compounds, then
analyzed values for these compounds must be given for the diet(s). Exceptions can
only be made if appropriate methods are not available. In other papers, authors should
state whether experimental diets meet or exceed the National Research Council (1994)
requirements as appropriate. If not, crude protein and metabolizable energy levels
should be stated. For layer diets, calcium and phosphorus contents should also be
specified.

When describing the composition of diets and vitamin premixes, the concentration of
vitamins A and E should be expressed as IU/kg on the basis of the following
equivalents:

Vitamin A

11U = 0.3 ug of all-trans retinol 1 IU = 0.344 ug of retinyl acetate

11U = 0.552 ug of retinyl palmitate

11U = 0.60 ug of R-carotene

Vitamin E

11U = 1 mg of dl-a-tocopheryl acetate 1 IU = 0.91 mg of dl-a-tocopherol

11U = 0.67 mg of d-a-tocopherol

In the instance of vitamin D3, cholecalciferol is the acceptable term on the basis that 1
IU of vitamin D3 = 0.025 pg of cholecalciferol.

The sources of vitamins A and E must be specified in parentheses immediately
following the stated concentrations.

« Statistical analysis: Biology should be emphasized, but the use of incorrect or
inadequate statistical methods to analyze and interpret biological data is not
acceptable. Consultation with a statistician is recommended. Statistical methods
commonly used in the animal sciences need not be described in detail, but adequate
references should be provided. The statistical model, classes, blocks, and
experimental unit must be designated. Any restrictions used in estimating parameters
should be defined. Reference to a statistical package without reporting the sources of
variation (classes) and other salient features of the analysis, such as covariance or
orthogonal contrasts, is not sufficient. A statement of the results of statistical analysis
should justify the interpretations and conclusions.

When possible, results of similar experiments should be pooled statistically. Do not
report a number of similar experiments separately.

The experimental unit is the smallest unit to which an individual treatment is imposed.
For groupfed animals, the group of animals in the pen is the experimental unit;
therefore, groups must be replicated. Repeated chemical analyses of the same sample
usually do not constitute independent experimental units. Measurements on the same
experimental unit over time also are not independent and must not be considered as
independent experimental units. For analysis of time effects, use timesequence
analysis.
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* Usual assumptions are that errors in the statistical models are normally and
independently distributed with constant variance. Most standard methods are robust to
deviations from these assumptions, but occasionally data transformations or other
techniques are helpful. For example, it is recommended that percentage data between
0 and 20 and between 80 and 100 be subjected to arc sin transformation prior to
analysis. Most statistical procedures are based on the assumption that experimental
units have been assigned to treatments at random. If animals are stratified by ancestry
or weight or if some other initial measurement should be accounted for, they should
include a blocking factor, or the initial measurement should be included as a covariate.
» A parameter [mean (u), variance (62)], which defines or describes a population, is
estimated by a statistic (X, s2). The term parameter is not appropriate to describe a
variable, observation, trait, characteristic, or measurement taken in an experiment.

» Standard designs are adequately described by name and size (e.g., "a randomized
complete block design with 6 treatments in 5 blocks"). For a factorial set of treatments,
an adequate description might be as follows: "Total sulfur amino acids at 0.70 or 0.80%
of the diet and Lys at 1.10, 1.20, or 1.30% of the diet were used in a 2 x 3 factorial
arrangement in 5 randomized complete blocks consisting of initial BW." Note that a
factorial arrangement is not a design; the term "design" refers to the method of
grouping experimental units into homogeneous groups or blocks (i.e., the way in which
the randomization is restricted).

» Standard deviation refers to the variability in a sample or a population. The standard
error (calculated from error variance) is the estimated sampling error of a statistic such
as the sample mean. When a standard deviation or standard error is given, the number
of degrees of freedom on which it rests should be specified. When any statistical value
(as mean or difference of 2 means) is mentioned, its standard error or confidence limit
should be given. The fact that differences are not "statistically significant” is no reason
for omitting standard errors. They are of value when results from several experiments
are combined in the future. They also are useful to the reader as measures of efficiency
of experimental techniques. A value attached by "+" to a number implies that the
second value is its standard error (not its standard deviation). Adequate reporting may
require only 1) the number of observations, 2) arithmetic treatment means, and 3) an
estimate of experimental error. The pooled standard error of the mean is the preferred
estimate of experimental error. Standard errors need not be presented separately for
each mean unless the means are based on different numbers of observations or the
heterogeneity of the error variance is to be emphasized. Presenting individual standard
errors clutters the presentation and can mislead readers.

» For more complex experiments, tables of subclass means and tables of analyses of
variance or covariance may be included. When the analysis of variance contains
several error terms, such as in split-plot and repeated measures designs, the text
should indicate clearly which mean square was used for the denominator of each F
statistic. Unbalanced factorial data can present special problems. Accordingly, it is well
to state how the computing was done and how the parameters were estimated.
Approximations should be accompanied by cautions concerning possible biases.

* Contrasts (preferably orthogonal) are used to answer specific questions for which the
experiment was designed; they should form the basis for comparing treatment means.
Nonorthogonal contrasts may be evaluated by Bonferroni t statistics. The exact
contrasts tested should be described for the reader. Multiple-range tests are not
appropriate  when treatments are orthogonally arranged. Fixedrange, pairwise,
multiple-comparison tests should be used only to compare means of treatments that
are unstructured or not related. Least squares means are the correct means to use for
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all data, but arithmetic means are identical to least squares means unless the design
is unbalanced or contains missing values or an adjustment is being made for a
covariate. In factorial treatment arrangements, means for main effects should be
presented when important interactions are not present. However, means for individual
treatment combinations also should be provided in table or text so that future
researchers may combine data from several experiments to detect important
interactions. An interaction may not be detected in a given experiment because of a
limitation in the number of observations.

* The terms significant and highly significant traditionally have been reserved for P <
0.05 and P < 0.01, respectively; however, reporting the P-value is preferred to the use
of these terms. For example, use". . . there was a difference (P < 0.05) between control
and treated samples"” rather than ". . . there was a significant (P < 0.05) difference
between control and treated samples.” When available, the observed significance level
(e.g., P =0.027) should be presented rather than merely P < 0.05 or P < 0.01, thereby
allowing the reader to decide what to reject. Other probability (a) levels may be
discussed if properly qualified so that the reader is not misled. Do not report P-values
to more than 3 places after the decimal. Regardless of the probability level used, failure
to reject a hypothesis should be based on the relative con- sequences of type | and Il
errors. A "nonsignificant” relationship should not be interpreted to suggest the absence
of a relationship. An inadequate number of experimental units or insufficient control of
variation limits the power to detect relationships. Avoid the ambiguous use of P > 0.05
to declare nonsignificance, such as indicating that a difference is not significant at P >
0.05 and subsequently declaring another difference significant (or a tendency) at P <
0.09. In addition, readers may incorrectly interpret the use of P > 0.05 as the probability
of a B error, not an a error.

* Present only meaningful digits. A practical rule is to round values so that the change
caused by rounding is less than one-tenth of the standard error. Such rounding
increases the variance of the reported value by less than 1%, so that less than 1% of
the relevant information contained in the data is sacrificed. Significant digits in data
reported should be restricted to 3 beyond the decimal point, unless warranted by the
use of specific methods.

Results and discussion

Results and Discussion sections may be combined, or they may appear in separate
sections. If separate, the Results section shall contain only the results and summary
of the author's experiments; there should be no literature comparisons. Those
comparisons should appear in the Discussion section. Manuscripts reporting sequence
data must have GenBank accession numbers prior to submitting. One of the hallmarks
for experimental evidence is repeatability. Care should be taken to ensure that
experiments are adequately replicated. The results of experiments must be replicated,
either by replicating treatments within experiments or by repeating experiments.

Acknowledgements

An Acknowledgments section, if desired, shall follow the Discussion section.
Acknowledgments of individuals should include affiliations but not titles, such as Dr.,
Mr., or Ms. Affiliations shall include institution, city, and state.

Appendix
A technical Appendix, if desired, shall follow the Discussion section or
Acknowledgments, if present. The Appendix may contain supplementary material,
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explanations, and elaborations that are not essential to other major sections but are
helpful to the reader. Novel computer programs or mathematical computations would
be appropriate. The Appendix will not be a repository for raw data.

REFERENCES

Citations in text

In the body of the manuscript, refer to authors as follows: Smith and Jones (1992) or
Smith and Jones (1990, 1992). If the sentence structure requires that the authors'
names be included in parentheses, the proper format is (Smith and Jones, 1982;
Jones, 1988a,b; Jones et al., 1993). Where there are more than two authors of one
article, the first author's name is followed by the abbreviation et al. More than one
article listed in the same sentence of text must be in chronological order first, and
alphabetical order for two publications in the same year. Work that has not been
accepted for publication shall be listed in the text as: "J. E. Jones (institution, city, and
state, personal communication)." The author's own un- published work should be listed
in the text as "(J. Smith, unpublished data)." Personal communications and un-
published data must not be included in the References section.

References section

To be listed in the References section, papers must be published or accepted for
publication. Manuscripts submitted for publication can be cited as "personal
communication” or "unpublished data" in the text.

In the References section, references shall first be listed alphabetically by author(s)'
last name(s), and then chronologically. The year of publication follows the authors'
names. As with text citations, two or more publications by the same author or set of
authors in the same year shall be differentiated by adding lowercase letters after the
date. The dates for papers with the same first author that would be abbreviated in the
text as et al., even though the second and subsequent authors differ, shall also be
differentiated by letters. All authors' hames must appear in the Reference section.
Journals shall be abbreviated according to the conventional ISO abbreviations given
in journals database of the National Library of Medicine. One-word titles must be
spelled out. Inclusive page numbers must be provided. Sample references are given
below. Consult recent issues of Poultry Science for examples not included below.

N.B. - The online version of Poultry Science uses a reference format that differs
from that prescribed by the journal. The Guide for Authors is the sole source for
the reference format. Any papers that do not follow this format risk rejection.
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TABLES

Tables must be created using the MS Word table feature and inserted in the manuscript
after the references section. When possible, tables should be organized to fit across
the page without running broadside. Be aware of the dimensions of the printed page
when planning tables (use of more than 15 columns will create layout problems). Place
the table number and title on the same line above the table. The table title does not
require a period. Do not use vertical lines and use few horizontal lines. Use of bold and
italic typefaces in the table should be done sparingly; you must define such use in a
footnote. Each table must be on a separate page. To facilitate placement of all tables
into the manuscript file (just after the references) authors should use "section breaks"
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rather than "page breaks" at the end of the manuscript (before the tables) and between
tables.

Units of measure for each variable must be indicated. Papers with several tables must
use consistent format. All columns must have appropriate headings. Abbreviations not
found on the inside front cover of the journal must be defined in each table and must
match those used in the text. Footnotes to tables should be marked by superscript
numbers. Each footnote should begin a new line. Superscript letters shall be used for
the separation of means in the body of the table and explanatory footnotes must be
provided [i.e., "Means within a row lacking a common superscript differ (P < 0.05)."];
other significant P-values may be specified. Comparison of means within rows and
columns should be indicated by different series of superscripts (e.g., a,b,... in rows; x-
z ... in columns) The first alphabetical letter in the series (e.g., a or A) shall be used to
indicate the largest mean. Lowercase super- scripts indicate P < 0.05. Uppercase
letters indicate P < 0.01 or less.

Probability values may be indicated as follows: *P < 0.05, **P <0.01, ***P <0.001, and
#P < 0.10. Consult a recent issue of Poultry Science for examples of tables.
Generally, results should be presented to the significant figure of the instrument used
to collect the data. For example, results should not be presented to 5 digits when the
instrument used only reads to 2 digits.

MISCELLANEOUS USAGE NOTES

Abbreviations

» Abbreviations shall not be used in the title, key words, or to begin sentences, except
when they are widely known throughout science (e.g., DNA, RNA) or are terms better
known by abbreviation (e.g., 19G, CD). A helpful criterion for use of abbreviation is
whether it has been accepted into thesauri and indexes widely used for searching
major bibliographic databases in the scientific field. Abbreviations may be used in
heads within the paper, if they have been first defined within the text. The inside back
cover of every issue of the journal lists abbreviations that can be used without
definition. The list is subject to revision at any time, so authors should always consult
the most recent issue of the journal for relevant information. Abbreviations are allowed
when they help the flow of the manuscript; however, excessive use of abbreviations
can confuse the reader. The suitability of abbreviations will be evaluated by the
reviewers and editors during the review process and by the technical editor during
editing. As a rule, author-derived abbreviations should be in all capital letters. Terms
used less than three times must be spelled out in full rather than abbreviated. All terms
are to be spelled out in full with the abbreviation following in bold type in parentheses
the first time they are mentioned in the main body of the text. Abbreviations shall be
used consistently thereafter, rather than the full term.

» The abstract, text, each table, and each figure must be understood independently of
each other. Therefore, abbreviations shall be defined within each of these units of the
manuscript.

* Plural abbreviations do not require "s." Chemical symbols and three-letter
abbreviations for amino acids do not need definition. Units of measure, except those
in the standard Poultry Science abbreviation list, should be abbreviated as listed in the
CRC Handbook for Chemistry and Physics (CRC Press, 2000 Corporate Blvd., Boca
Raton, FL, 33431) and do not need to be defined.

* The following abbreviations may be used without definition in Poultry Science:

A adenine

ADG average daily gain



ADFI average daily feed

AME apparent metabolizable energy

AMEDRN nitrogen-corrected apparent metabolizable energy
ANOVA analysis of variance

B cell bursal-derived, bursal-equivalent derived cell bp base pairs
BSA bovine serum albumin

BW body weight

C cytosine

cDNA complementary DNA

cfu colony-forming units

ClI confidence interval

CP crude protein

cpm counts per minute

CV coefficient of variation

d day

df degrees of freedom

DM dry matter

DNA deoxyribonucleic acid

EDTA ethylenediaminetetraacetate

ELISA enzyme-linked immunosorbent antibody assay
EST expressed sequence tag

g gram

g gravity

G guanine

GAT glutamic acid-alanine-tyrosine

GLM general linear model

h hour

HEPES N-2-hydroxyethyl piperazine-N'-ethane-sulfonic acid
HPLC high-performance (high-pressure) liquid chromatography
I.m. intramuscular

i.p. intraperitoneal

I.v. intravenous

ICU international chick units

Ilg immunoglobulin

IL interleukin

IU international units

kb kilobase pairs

kDa kilodalton

L liter*

L:D hours light:hours darkness in a photoperiod (e.g., 23L:1D)
m meter

M micro M molar

MAS marker-assisted selection

ME metabolizable energy

MEn nitrogen-corrected metabolizable energy

MHC major histocompatibility complex

MRNA messenger ribonucleic acid min minute

mo month

MS mean square

n number of observations
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N normal

NAD nicotinamide adenine dinucleotide
NADH reduced nicotinamide adenine dinucleotide
NRC National Research Council

NS not significant

PAGE polyacrylamide gel electrophoresis
PBS phosphate-buffered saline

PCR polymerase chain reaction

pfu plague-forming units

ppm parts per million

QTL quantitative trait loci

r correlation coefficient

r2 coefficient of determination, simple

R2 coefficient of determination, multiple
RH relative humidity

RIA radioimmunoassay

RNA ribonucleic acid

rpm revolutions per minute

s second

S.C. subcutaneous

SD standard deviation

SDS sodium dodecyl sulphate

SE standard error

SEM standard error of the mean

SRBC sheep red blood cells

SNP single nucleotide polymorphism

T thymine

TBA thiobarbituric acid

T cell thymic-derived cell

TME true metabolizable energy

TMEn nitrogen-corrected true metabolizable energy
Tris tris(hydroxymethyl)aminomethane
TSAA total sulfur amino acids

U uridine

USDA United States Department of Agriculture
UV ultraviolet

vol/vol volume to volume

VS. Versus

wt/vol weight to volume

wt/wt weight to weight

wk week

yr year

*Also capitalized with any combination, e.g., mL.

International words and phrases

Non-English words in common usage (defined in recent editions of standard
dictionaries) will not appear in italics (e.g., in vitro, in vivo, in situ, a priori). However,
genus and species of plants, animals, or bacteria and viruses should be italicized.
Authors must indicate accent marks and other diacriticals on international names and
institutions. German nouns shall begin with capital letters.
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Capitalization
Breed and variety names are to be capitalized (e.g., Single Comb White Leghorn).

Number style

Numbers less than 1 shall be written with preceding zeros (e.g., 0.75). All numbers
shall be written as digits. Measures must be in the metric system; however, US
equivalents may be given in parentheses. Poultry Science requires that measures of
energy be given in calories rather than joules, but the equivalent in joules may be
shown in parentheses or in a footnote to tables. Units of measure not preceded by
numbers must be written out rather than abbreviated (e.g., lysine content was
measured in milligrams per kilogram of diet) unless used parenthetically. Measures of
variation must be defined in the Abstract and in the body of the paper at first use. Units
of measure for feed conversion or feed efficiency shall be provided (i.e., g:9).

Nucleotide sequences

Nucleotide sequence data must relate to poultry or poultry pathogens and must
complement biological data published in the same or a companion paper. If sequences
are excessively long, it is suggested that the most relevant sections of the data be
published in Poultry Science and the remaining sequences be submitted to one of the
sequence databases. Acceptance for publication is contingent on the submission of
sequence data to one of the databases. The following statement should appear as a
footnote to the title on the title page of the manuscript. "The nucleotide sequence data
reported in this paper have been submitted to Embank Submission (Mail Stop K710,
Los Alamos National Laboratories, Los Alamos, NM 87545) nucleotide sequence
database and have been assigned the accession number XNNNNN." Publication of
the description of molecular clones is assumed by the

editors to place them in the public sector. Therefore, they shall be made available to
other scientists for research purposes.

Nucleotide sequences must be submitted as camera- ready figures no larger than 21.6
X 27.9 cm in standard (portrait) orientation. Abbreviations should follow Poultry Science
guidelines.

Gene and protein nomenclature

Authors are required to use only approved gene and protein names and symbols. For
poultry, full gene names should not be italicized. Gene symbols should be in uppercase
letters and should be in italics. A protein symbol should be in the same format as its
gene except the protein symbol should not be in italics.

General usage

* Note that "and/or" is not permitted; choose the more appropriate meaning or use "x
or y or both."

* Use the slant line only when it means "per" with numbered units of measure or
"divided by" in

equations. Use only one slant line in a given expression (e.g., g/d per chick). The slant
line may not be used to indicate ratios or mixtures.

* Use "to" instead of a hyphen to indicate a range. Insert spaces around all signs
(except slant lines) of operation (=, -, +, X, >, or <, etc.) when these signs occur between
two items.

* ltems in a series should be separated by commas (e.g., a, b, and c).

* Restrict the use of "while" and "since" to meanings related to time.
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» Appropriate substitutes include "and," "but," or "whereas" for "while" and "because"
or "although" for "since."

* Leading (initial) zeros should be used with numbers less than 1 (e.g., 0.01).

» Commas should be used in numbers greater than 999.

*Registered (®) and trademark (©) symbols should not be used, unless as part of an
article title in the References section. Trademarked product names should be
capitalized.

FIGURES/ILLUSTRATIONS

General points

» Submit each illustration as a separate file.

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use 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 published version.

A detailed guide on electronic artwork is available.

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 a low 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.

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 online (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
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regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. Further information on the preparation
of electronic artwork.

lllustration services

Elsevier's Author Services offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images,
as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard.
Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.

SUPPLEMENTARY DATA

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are published
exactly as they are received (Excel or PowerPoint files will appear as such online).
Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary
material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track
Changes' option in Microsoft Office files as these will appear in the published version.
Ensure that the supplementary material is referred to in the main manuscript at an
appropriate point in the text. Supplementary material will be available online only and
will not be copyedited, so ensure that it is clearly and succinctly presented, and that
the style conforms to the rest of the paper. Also ensure that the presentation will work
on any Internet browser. It is not recommended for the files to be more than 2 MB
each, although exceptions can be made at the editorial office's discretion.

ADDITIONAL INFORMATION ABOUT ACCEPTED MANUSCRIPTS PROOFS
Corresponding authors will receive an e-mail with a link to their proof. Please annotate
and upload your edits on the PDF version. All instructions for proofing will be given in
the e-mail we send to authors.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. 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.

ARTICLES IN PRESS
For Poultry Science, manuscripts arrive at Elsevier and go through the production
process until the final versions are ready to publish. These are then published on the
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journal's articles in press page. They will remain on the page up until the issue that
they are assigned to is published.

OFFPRINTS

The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect. The
Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via Elsevier's
Author Services.

© Copyright 2018 Elsevier | https://www.elsevier.com



91

6. VITA

Vinicius de Queiroz Teixeira, filho de Roberto de Almeida Teixeira e Edilma de
Queiroz Teixeira, nasceu no dia 15 de maio de 1982 no municipio do Rio de Janeiro,
Rio de Janeiro. Cursou o ensino fundamental no Colégio Pedro Il e ensino médio no
Colégio Santo Ignacio, ambos no municipio do Rio de Janeiro, Rio de Janeiro. Em
2000 ingressou no curso de Medicina Veterinaria da Universidade Federal
Fluminense, Niterdi, Rio de Janeiro, obtendo o Grau de Médico Veterinario em agosto
de 2006. Em 2001 ingressou no curso de Ciéncias Aeronauticas na Universidade
Estacio de S4, Rio de Janeiro, Rio de Janeiro, obtendo o Grau de Bacharel em
Ciéncias Aeronauticas em 2004. Iniciou em abril de 2007, o Mestrado em Medicina
Veterinaria, area de concentracdo de Higiene Veterinaria e Processamento
Tecnologico de Produtos de Origem Animal, na Universidade Federal Fluminense,
Niter6i, Rio de Janeiro, realizando estudos na area de anatomopatologia e
bacteriologia de frangos de corte. Obteve o titulo de mestre em Medicina Veterinaria
em outubro de 2008. Em outubro de 2008 ingressou na Agrogen S.A. Agroindustrial
no municipio de Montenegro, Rio Grande do Sul, como Médico Veterinario Trainee,
onde atuou na producdo de reprodutoras pesadas, av0s e matrizes, manejo de
frangos de corte e fabrica de ra¢cdes. Em outubro de 2010 assumiu a Coordenacéo de
Fomento da Agrogen no municipio de Sete Lagoas, Minas Gerais, onde era
responsavel pela producédo avicola, equipe técnica de extensionistas e fabrica de
ragbes. Em janeiro de 2012, ainda na Agrogen, regressou para Montenegro, Rio
Grande do Sul, e assumiu a area de NutricAo Animal como Nutricionista, sendo
responsavel pelas cinco fabricas de racdes da empresa e onde atuou até maio de
2019. No ano de 2017, no més de abril, ingressou no curso de Doutorado em
Zootecnia, area de Producdo de Animal pelo Programa de Pés-Graduacdo em
Zootecnia na Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande
do Sul, desenvolvendo o trabalho de tese sobre a suplementagcdo de hidroxi-
selenometionina na dieta de frangos de corte. Em julho de 2019 ingressou na Evonik
na linha de negdécio de Animal Nutrition, no municipio de S&o Paulo, Sdo Paulo, onde
assumiu a funcéo de Gerente Técnico na area de Saude Intestinal, sendo responsavel
pela linha de probidticos e solu¢des para a saude intestinal, onde atua até o momento.
Submeteu-se a banca de defesa de Tese em abril de 2021 pela Universidade Federal
do Rio Grande do Sul em Porto Alegre, Rio Grande do Sul.



