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SUPLEMENTAGAO DE MICROMINERAIS COMPLEXADOS COM LISINA NO
DESEMPENHO DE MATRIZES PESADAS E QUALIDADE DA PROGENIE'

Autor: Raquel Medeiros Horn
Orientador: Sergio Luiz Vieira

Resumo - Microminerais sao essenciais para aves de corte. O objetivo do presente
estudo foi avaliar o impacto da substituicdo parcial de microminerais inorganicos (Ml)
por microminerais complexados com aminoacidos (MC) no desempenho de
reprodutoras pesadas e sua progénie. Um total de 682 matrizes pesadas Cobb 500 e
62 machos, com 24 semanas de idade, foram distribuidos em trés tratamentos
dietéticos: T1 - contendo MI, Zn, Mn e Cu a 70, 70 e 10 ppm, respectivamente; T2 -
substituigdo parcial (50%) da forma inorganica de Zn, Mn e Cu por fontes de MC; T3 -
substituicdo parcial (70%) da forma inorganica de Zn, Mn e Cu por fontes de MC. Cada
tratamento foi replicado 10, 10 e 11 vezes, respectivamente. A produg¢ao de ovos foi
avaliada das semanas 25 a 40, enquanto a qualidade dos ovos foi avaliada nas
semanas 27, 31, 35 e 39 para aferir o peso do ovo, porcentagem de gema, albumen
€ casca, a espessura da casca do ovo também foi mensurada. Nas semanas 32, 36 e
40, os ovos foram incubados e avaliados quanto aos parametros de eclodibilidade e
qualidade da progénie. Os pintos nascidos oriundos de matrizes de 40 semanas,
tiveram seu conteudo mineral das tibias e fémures analisados. A analise estatistica foi
realizada utilizando os procedimentos do software SAS, PROC MIXED e GLM,
ANOVA a 5% de significancia. A producéo total, a produgédo de ovos incubaveis e os
parametros de incubacdo néo foram influenciados pelos tratamentos (P > 0,05). A
espessura da casca do ovo apresentou um aumento significativo (P < 0,05) com a
substituicdo de 50% por MC em comparagédo com o MI. O peso dos pintos eclodidos
melhorou com a substituigdo de 50% por MC (P < 0,05). A inclusdo de microminerais
complexados pode aprimorar a qualidade da casca do ovo e o peso dos pintinhos,
sugerindo melhorias potenciais na eficiéncia produtiva da progénie em sistemas
avicolas.

Palavras-chave: matriz pesada, microminerais, complexados, desempenho, progénie.

'Dissertacao de Mestrado em Zootecnia — Produgdo Animal, Faculdade de Agronomia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil (78 p.), novembro, 2023.



BROILER BREEDER HEN PERFORMANCE FED WITH COMPLEXED LYSINE
TRACE MINERALS AND CHICK QUALITY

Author: Raquel Medeiros Horn
Advisor: Sergio Luiz Vieira

Abstract — Trace minerals are essential for poultry. The objective of the current study
was to assess the impact of partially substituting inorganic trace minerals (ITM) with
amino organic trace minerals (OTM) on the performance of broiler breeder hens and
their offspring. A total of 682 Cobb 500 broiler breeder hens and 62 males, aged 24
weeks, were assigned to three dietary treatments: T1 - containing ITM forms of Zn,
Mn, and Cu at 70, 70, and 10 ppm, respectively; T2 - partial replacement (50%) of the
inorganic form of Zn, Mn, and Cu with OTM sources; T3 - partial replacement (70%) of
the inorganic form of Zn, Mn, and Cu with OTM sources. Each treatment was replicated
10, 10, and 11 times, respectively. Laying production was assessed from weeks 25 to
40, while egg quality was evaluated periodically, including measurements of egg
weight, yolk, albumen, shell percentage, and eggshell thickness. In weeks 32, 36, and
40, eggs were incubated and assessed for hatchability parameters and chick quality.
At 40 weeks of age, the mineral content of the tibiae and femurs of hatching chicks
was analyzed. The statistical analysis was performed using the procedures of the SAS
software, PROC MIXED, and GLM, with ANOVA at a 5% significance level. Total and
settable egg production and incubation parameters were not influenced by the
supplementation treatments (P > 0.05). Eggshell thickness exhibited a significant
increase (P < 0.05) with 50% OTM substitution compared to ITM. The weight of
hatching chicks showed improvement with 70% OTM replacement (P < 0.05). The
inclusion of OTM may enhance eggshell quality and chick weight, suggesting potential
improvements in productivity efficiency and the health of progeny in poultry systems.

Keywords: broilers breeders, trace minerals, complexed, performance, offspring.

Master of Science Dissertation in Animal Science — Faculdade de Agronomia, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brazil. (78 p.), November 2023.
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INTRODUGAO

A avicultura desempenha um papel vital na economia brasileira, consolidando-
se como uma das industrias agricolas mais significativas do pais. Além de gerar
empregos e movimentar a economia, destaca-se como um pilar fundamental da
seguranga alimentar nacional. Com uma produgédo expressiva de carne de frango
(14,5 milhdes ton) e ovos (52 bilhdes de unidades), o Brasil assume uma posigao de
destaque no mercado global (ABPA, 2023). As reprodutoras pesadas desempenham
um papel crucial na rentabilidade da industria avicola, influenciando tanto a produgao
de ovos quanto o prego dos pintos de um dia, e contribuem significativamente para

atender as crescentes demandas globais por proteina animal.

A oferta de uma dieta balanceada com nutrientes essenciais para as aves € de
grande importancia para otimizar a produgdo maxima de ovos e o desenvolvimento
saudavel dos frangos de corte. Os nutrientes, como proteinas, carboidratos, gorduras
e vitaminas, desempenham papéis fundamentais no crescimento, sobrevivéncia,
producao de carne e ovos, bem como na reproducao das aves de corte. As matrizes
necessitam de, no minimo, 14 minerais, abrangendo macrominerais (calcio, cloro,
magnésio, fésforo, potassio, sédio e enxofre) e microminerias (cobre (Cu), ferro (Fe),
manganés (Mn), selénio (Se), zinco (Zn) e iodo (1)) (GONZALEZ; SILVA, 2019).

A deficiéncia desses minerais pode resultar em 0ssos e casca de ovos mais
frageis, anemia, deficiéncia reprodutiva, entre outros. Embora a alimentagao fornega
minerais, esses recursos, muitas vezes, ndo atendem totalmente as demandas das
aves de alto desempenho, destacando a necessidade de suplementagdo mineral nas
dietas avicolas para otimizar o rendimento maximo com niveis adequados de minerais
(BLAIR, 2008). Estudos recentes revelaram a exigéncia dos microminerais para
reprodutoras pesadas (TASCHETTO et al., 2017; BERWANGER et al., 2018; MAYER
etal., 2019; NOETZOLD et al., 2020), e para frangos de corte com a adi¢do da enzima
fitase (FEIJO et al., 2023; SOSTER et al., 2023). Esses estudos demonstram a
importancia de uma correta suplementagcao de microminerais para aves visto o vasto

numero de fungdes que desempenham.

Os microminerais Zn, Mn e Cu estao presentes nos ovos e sdo essenciais para
o correto desenvolvimento do embrido. Exercem uma fungdo multifuncional em

processos bioquimicos essenciais. A conexao entre a nutricdo durante o periodo
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embrionario e a saude locomotora posterior destaca a importancia crucial de uma
atencdo cuidadosa & dieta das reprodutoras de frangos de corte. E evidente que a
qualidade nutricional fornecida durante essa fase critica tem implicagdes significativas
nao apenas no desenvolvimento do embrido, mas também no desempenho
subsequente das aves (DIBNER et al., 2007).

Os microminerais podem ser suplementados na forma de sais inorganicos (Ml),
como sulfatos e 6xidos, mas também podem ser suplementadas na forma organica,
complexados (MC) com aminoacidos, carboidratos ou proteinas. A adi¢ao dos MC na
dieta das aves pode melhorar o seu desempenho, ademais podem minimizar a
excrecao de metais pesados por parte das aves. Isso resulta em uma redugao
significativa da poluicdo ambiental. Essa caracteristica torna os MC um componente
altamente benéfico das dietas dessas aves reprodutoras (LEESON; SUMMERS,
2009). Com isso, o objetivo do estudo foi investigar a interagado entre a fonte de
microminerais, Cu, Mn e Zn, inorganicos ou complexados, no desempenho de
reprodutoras pesadas em relagdo a taxa de eclosao, fertilidade, qualidade dos
pintinhos, conteudo mineral, espessura da casca do ovo e percentuais de gema,

albumen e casca.

REVISAO BIBLIOGRAFICA
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Uso de microminerais na avicultura

Os minerais desempenham papéis cruciais em diversas vias metabdlicas.
Macrominerais, sdo expressos em percentagem nos alimentos ou tecidos, estao
principalmente envolvidos em fung¢des estruturais, enquanto microminerais, tem uma
dificil avaliagdo devido a suas baixas concentragdes nos tecidos animais. Os minerais
estao frequentemente associados a proteinas, formando metaloenzimas. A absorg¢ao
de minerais depende do alimento ingerido, onde podem ser encontrados em diversas
formas quimicas, como moléculas organicas ou parte de sais com diferentes
solubilidades. O interesse em formas organicas inclui diferengas na disponibilidade,
mas também esta relacionado a possiveis melhorias em suas acdes especificas no
nivel celular (VIEIRA, 2008).

Microminerais inorganicos geralmente sdo suplementados nas dietas das
aves nas formas de sulfatos e 6xidos. No intestino, ions sao absorvidos através de
difusdo passiva ou transporte ativo. Para ingressarem na corrente sanguinea, 6érgaos
e tecidos, esses ions necessitam se associar a um agente transportador que facilite
sua travessia pela parede intestinal. Caso ndo encontrem esse agente, podem ser
eliminados, levando a perdas. Em certas circunstancias, as perdas podem ocorrer
devido a reagbes com compostos insoluveis ou devido a competicao por locais de
absorcao entre diferentes elementos minerais, resultando em interagées antagodnicas
que prejudicam a absorgao (HERRICK, 1993).

Quelatos sao minerais estaveis que sao encontrados com um tipo de
carregador ou ligante, podendo ser aminoacidos, carboidratos ou proteinas de cadeia
curta. Reduzem a excrecdo de metais pesados pelas aves, minimizando assim a
poluicdo ambiental (LEESON, 2003; LEESON; SUMMERS, 2009). Esses minerais
utilizam as mesmas vias de absor¢ao das moléculas as quais estao ligados, evitando
assim problemas de interagdo com outros minerais. Uma maior biodisponibilidade
prolonga a vida das aves, ja que 0s minerais organicos desempenham diversas
fungdes essenciais no organismo. Isso inclui contribuir para a formagao do tecido
conjuntivo, manter a homeostase dos fluidos corporais, equilibrar as membranas
celulares e ativar reacdes bioquimicas por meio da estimulacdo de sistemas

enzimaticos, entre outras fungdes vitais (GUZ et al., 2022).
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Embora a utilizagdo de microminerais ser importante para as aves, é de
grande valia levar em consideragdo que um uso exacerbado desses minerais pode
gerar antagonismos entre eles. O antagonismo mais relevante na nutricgdo mineral de
aves ocorre entre minerais divalentes, como Zn, Mn, Cu, e o fitato, que forma quelatos
estaveis e insoluveis (LEESON; SUMMERS, 2001). Antagonismos também ocorrem
entre minerais, como niveis elevados de Zn que podem reduzir a disponibilidade de
Cu (EVANS et al., 1975). A competicédo por transportadores semelhantes € uma fonte
significativa de interferéncia na transferéncia de metais do lumen para o enterdcito.
Esses transportadores, pequenas proteinas com alta capacidade de quelar cations
livres na solugao intestinal, podem envolver micro ou macrominerais devido a

competicao fisico-quimica entre cations (STARCHER, 1969).

Varios estudos vém sendo conduzidos com o intuito de averiguar os
beneficios dos microminerais organicos. Ao testar diferentes combinagdes de Ml e MC
(Zn, Mn, Cu, Se, and Fe), Noetzold et al., (2022), verificou melhorias na qualidade da
casca do ovo, assim como uma melhora no ganho de peso da progénie resultante de
matrizes suplementadas com uma substituicdo parcial de MC. Ademias, Yaqoob et
al., (2020), constatou que a utilizagao de uma substituicao parcial de Cu, Zn, Fe e Mn
pode auxiliar o status antioxidante do figado durante o pico de postura e resultar em
um perfil sanguineo melhor, porém, para se obter um melhor desempenho reprodutivo,

a combinagao de 50% de MC e 50% de MI é a opgao mais eficaz.

Cobre
O Cu é vital para a dieta das aves. Esta envolvido em muitos processos

fisiologicos e bioquimicos nos organismos. De acordo com as suas observagoes,
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Suttle e Underwood (2010), o Cu desempenha um papel crucial nas fungdes
reprodutivas e no desenvolvimento 60sseo, estando intrinsecamente ligado as
operagcbes de diversas enzimas, como a citocromo C oxidase, hefaestina,
ceruloplasmina e lisil oxidase. Suas contribuicbes estendem-se ainda aos cofatores,
notadamente a superoxido dismutase, e as proteinas reativas. As fungdes vitais do
cobre abrangem metaloenzimas associadas a respiragao celular, transporte de ferro,
formacado de tecido conjuntivo, sintese de melanina, desenvolvimento Osseo e
producdo de hemoglobina (AL-UBAIDI; SULLIVAN, 1963; WHO, 1996; NITTIS;
GITLIN, 2004). No contexto especifico dos ovos, destaca-se o papel do Cu na
estrutura da casca, principalmente na sintese e manutengédo do colageno da matriz
(VIEIRA, 2007).

Além disso, o cobre possui propriedades antimicrobianas e desempenha um
papel especifico no metabolismo do ferro, no metabolismo do colesterol, na produgao
de energia, na absor¢do e na eficiéncia de outros minerais em aves e outros
organismos (KIM et al., 1992; LUO et al., 1992; LEESON; SUMMERS, 2009; SCOTT
et al., 2018). A distribuigdo e concentragao de Cu variam entre espécies, idade e dieta
de animais. Nas aves, as maiores concentragdes de Cu se encontram nos musculos,
0ssos, figado, pele, penas e sangue, enquanto nos ovos esse micromineral pode ser
encontrado na gema, casca do ovo e membranas (GEORGIEVSKIl; ANNENKOV;
SAMOKHIN, 1981; VIEIRA, 2007). Estudos indicam diferentes niveis de Cu em 6rgaos
avicolas, com variagdes de 0,53 a 4,10 ppm em ovos (KIRKPATRICK; COFFIN, 1975).
A deficiéncia de Cu manifesta-se em deformidades 6sseas, anemia e problemas na
reproducdo. Contudo, efeitos de intoxicacdo ndo sdo comumente observados, embora
doses acima de 500 ppm possam impactar o ganho de peso e consumo de ragao em
frangos de corte, além de lesdes na mucosa da moela (NRC, 1980; SCHMIDT et al.,
2005; BERTECHINI, 2007).

Manganés
O Mn desempenha uma fungao crucial em varias operacoes vitais para os
organismos, atuando como um cofator enzimatico em processos relacionados a

sintese de ATP, ciclo de Krebs, fosforilagdo oxidativa, além de participar em reacdes
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da fosfatase alcalina e piruvato oxidase (GONZALEZ; SILVA, 2019). Este
micromineral esta associado a metaloenzimas ativadas por ele, como
glicosiltransferases, arginase, tiaminase, piruvato carboxilase, Mn-superdxido
dismutase e dipeptidases intestinais (SUTTLE; UNDERWOOD, 2010). Sua
importancia estende-se ao desenvolvimento da matriz organica 6ssea e é essencial
para a reproducdo e o adequado funcionamento do sistema nervoso central
(BERTECHINI, 2007).

E indispensavel para o desenvolvimento embrionario, o crescimento
adequado do corpo e o metabolismo de carboidratos e lipidios. Além disso,
desempenha uma funcido crucial na manutencdo da qualidade da casca do ovo
(OLGUN, 2016). Segundo Xie et al. (2014), o Mn dietético pode influenciar a
expressao génica do hormdnio liberador de gonadotrofina no cérebro, o hormdnio

foliculo estimulante na hipdfise, e exerce impacto na qualidade da casca do ovo.

De acordo com Leeson e Summers (2001), a maior parte do Mn no corpo
animal concentra-se nos ossos, seguido pelo figado. Em aves jovens, as maiores
concentragbes de Mn sdo encontradas no figado, rim e ossos (SUTTLE;
UNDERWOOQOD, 2010). Em ovos, estudos de Yair e Uni (2011) indicam que o Mn é o
quinto micromineral com maior concentracdo na casca de ovos. A deficiéncia de Mn
pode resultar em malformagdes esqueléticas, crescimento retardado, ataxia em
recém-nascidos, infertilidade e anormalidades no metabolismo lipidico e de
carboidratos (OBERLEAS; HARLAND; BOBILYA, 1999).

A perose, caracterizada por deformidades articulares em aves jovens, € uma
sindrome significativa associada a deficiéncia de Mn (LEESON; SUMMERS, 2001). A
auséncia desse micromineral na dieta pode levar a condrodistrofia em embrides,
resultando em pernas e asas encurtadas. A deficiéncia também pode causar morte
embrionaria tardia e afetar o sistema reprodutivo de machos e fémeas (LEESON;
SUMMERS, 2009; OBERLEAS; HARLAND; BOBILYA, 1999). A ingestéo oral de Mn
€ pouco toxica, mas a inalagcdo de poeira contendo esse elemento pode resultar em
uma doencga debilitante que afeta o sistema nervoso (OBERLEAS; HARLAND;
BOBILYA, 1999).
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Zinco

O Zn desempenha um papel crucial como cofator e ativador de diversas
enzimas, incluindo DNA e RNA polimerases, influenciando diretamente processos de
proliferacdo celular e sintese de proteinas, com efeitos notérios sobre funcdes
reprodutivas (BERTECHINI, 2007). Participa de mais de 300 enzimas com diversas
funcbes, atuando como componente essencial em metaloenzimas como enzima
conversora de angiotensina, fosfolipase A2, fosfatase alcalina, anidrase carboénica,
carboxipeptidase A, alcool desidrogenase, entre outras (COLEMAN, 1992; VALLEE;
FALCHUK, 1993; AULD, 2021). Além de seu papel no metabolismo lipidico, o Zn é
fundamental para a formagao adequada da casca do ovo em galinhas, influenciando
a produgao estavel de ovos incubaveis (GUIMARAES et al., 2013; ROBERTS, 2004;
VIEIRA, 2007). Tem sido associado como um melhorador da qualidade interna e
externa dos ovos. Esta envolvido na formacgéo da casca do ovo através de seu efeito

na deposicao de carbonato de calcio.

A suplementacédo de Zn pode variar a concentracdo em diferentes 6rgaos,
como figado, mucosa e tecidos moles, sendo influenciada pelo estado nutricional ou
fisioldgico dos animais (MOHANNA; NYS, 1999; SKRIVAN, SKRIVANOVA E
MAROUNEK, 2005). A deficiéncia desse micromineral esta diretamente associada ao
crescimento retardado, cicatrizacdo, atraso da puberdade, fertilidade e na
competéncia imunoldgica, enquanto a toxicidade é rara, ocorrendo principalmente em
dietas com niveis acima de 1.000 ppm (GONZALEZ; SILVA, 2019). A deteccdo de
deficiéncia de Zn em animais pode ser realizada por meio da analise da concentragao
de eritrocitos e valores baixos indicam o inicio de uma deficiéncia. A concentracao de
Zn no plasma sanguineo é considerada um indicador confiavel, e parametros como
Zn na membrana plasmatica, deficiéncia de ALP e alteragdes no conteudo de
proteinas e lipidios também s&o avaliados para determinar a deficiéncia desse
micromineral (SUTTLE; UNDERWOOD, 2010).

A utilizagado de Zn complexado com aminoacidos pode auxiliar em uma maior
gravidade especifica e maior conteudo desse mineral nos ovos, além disso, esta
envolvido com menores taxas de ovos trincados e redugao na mortalidade embrionaria
precoce (HUDSON et al. 2004). Além disso, a porcentagem de fertilidade, eclosao e
taxa de producio de pintos qualificados pode ser maior em animais que receberam
Zn complexado (ZHANG et al. 2017).
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Minerais e desenvolvimento embrionario

Os minerais presentes na matriz estdo relacionados aos minerais fornecidos
via dieta, consequentemente afetando o conteudo dos ovos e o desenvolvimento
embrionario. Os minerais estado relacionados a um grande numero de atividades
metabdlicas que garantem o correto crescimento de desenvolvimento embrionario. Os
microminerais Mn e Zn podem ser depositados no ovo de forma homogénea no ovo,
porém sua maior fragdo pode ser encontrada na fragdo granular da gema. Todavia, o
Cu pode ser encontrado no albumen, casca e membranas internas casca
(RICHARDS, 1997).

A deficiéncia de Mn pode gerar alguns quadros de desfavoraveis ao embri&o,
como a incidéncia de perose, ma formagao da cartilagem da placa de crescimento
tibial e pode levar a morte embrionaria tardia (18 a 21 dias) (LIU; HEINRICHS; LEACH,
1994; LEESON; SUMMERS, 2001; LEESON; SUMMERS, 2009). A deficiéncia de
zinco esta relacionada com a formacao inadequada dos ossos durante o periodo
embrionario, assim como com o desenvolvimento deficiente de penas, crescimento
retardado, perose e descamacéo da pele apds a eclosédo (LEESON; SUMMERS,
2001). O Cu esta envolvido no funcionamento de varias enzimas, em decorréncia
disso, na sua auséncia podem ser vistos casos de anemia, hemorragias,
desenvolvimento 6sseo retardado, ma formagao no tecido conjuntivo e deficiéncia na
respiragao celular (AL-UBAIDI; SULLIVAN, 1963; WHO, 1996; NITTIS; GITLIN, 2004).

De acordo com Avila et al. (2023), a utilizagdo de Mn, Zn e Cu organicos pode
aumentar a densidade mineral éssea em pintos nascidos de galinhas jovens e velhas,
porém nenhuma diferenca foi encontrada nas cinzas da tibia e no percentual mineral.
Araujo et al. (2019), ao testar as fontes dos microminerais Fe, Mn, Zn, Cu e Se,
encontrou uma melhor taxa de conversao alimentar da progénie de reprodutoras
alimentadas com MC. Segundo Saber et al. (2019) o uso de MC nas proporc¢des de
50% ou 100% na dieta de reprodutoras pesadas pode melhorar a massa corporal € 0

rendimento de carcaga da progénie.

HIPOTESES E OBJETIVOS

HIPOTESES
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Matrizes pesadas suplementadas com microminerais complexados com lisina
podem melhorar o desempenho zootécnico.
A suplementagdo de microminerais complexados com lisina melhora a

qualidade da progénie.

OBJETIVO GERAL

Avaliar os efeitos da suplementacao de Zn, Mn e Cu complexados a lisina ou
nao em dietas de matrizes pesadas

OBJETIVO ESPECIFICO

Mensurar os efeitos dos microminerais na produgao de ovos, ovos incubaveis

e qualidade da casca do ovo.
Avaliar a eclodibilidade, fertilidade e a qualidade dos pintos.

Verificar os impactos dos tratamentos na composi¢cdo mineral das gemas e dos

0ss0s da progénie.
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SUMMARY
The present study aimed to evaluate the effects of partial substitution of inorganic trace
minerals (ITM) by amino organic trace minerals (OTM) on broiler breeder hens’ performance
and offspring. A total of 682 Cobb 500 broiler breeder hens and 62 males, 24 wk of age, were
allocated to 3 dietary treatments: T1- contained ITM forms of Zn, Mn, and Cu, at 70, 70, and
10 ppm, respectively; T2- partial replacement (50%) of inorganic form of Zn, Mn and Cu by
OTM sources; T3- partial replacement (70%) of inorganic form of Zn, Mn and Cu by OTM
sources. Each treatment had 10, 10 and 11 replicates. Laying production was evaluated from
25 to 40 wk, whereas egg quality was evaluated once a period to access egg weight, yolk,
albumen, shell percentage and eggshell thickness. In the weeks 32, 36, and 40, eggs were
incubated and evaluated for hatchability parameters and chick quality. At 40 wk of age, the
tibiae and femurs of hatching chicks were collected for the mineral content. Total and settable
egg production and incubation parameters were not affected by supplementation treatments (P
> 0.05). Eggshell thickness significantly increased (P < 0.05) in the 50% OTM substitution
compared to the ITM. The hatching chick weight has improved with 70% OTM replacement

(P < 0.05).

Key words: broiler breeder, trace mineral, egg quality, chick quality.



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

25

DESCRIPTION OF PROBLEM

Trace minerals play a crucial role in the health of broiler breeder hens as they are
related to better performance, egg quality, embryonic and offspring development (Favero et
al., 2013a; Noetzold et al., 2020; Noetzold et al., 2022a; Virden et al., 2003). Zn, Mn, and Cu
are associated with the activity of enzymes and proteins, besides, the deficiency of these trace
minerals in the breeder's diet can result in a shortage of these minerals in the eggs, affecting
the embryo (Richards, 1997).

Zn, Mn and Cu are involved in a series of metalloenzymes such as alkaline
phosphatase, superoxide dismutase, carbonic anhydrase, lysyl oxidase and others (Surai, 2015;
Mayer et al., 2019; Laczko and Csiszar., 2020). In poultry, these enzymes are essential since
they play a significant role in the formation of extracellular matrix proteins, such as collagen
and elastin, precursors of eggshell membrane (Lucero and Kagan, 2006; Smith-Mungo and
Kagan., 1998). Specifically, their main function in the shell gland is to catalyze the conversion
of carbon dioxide and water into bicarbonate, a key process in eggshell synthesis (Roberts,
2004; Zhang et al., 2017). The quality of eggshell is crucial for guaranteeing an acceptable
production of hatchable eggs, as it offers mechanical protection while serving as a source of
calcium and other essential minerals for the developing embryo (Hunton, 1995; Vieira, 2007).

The supplementation of trace minerals in poultry diets can have several sources.
Generally, these sources can be in the inorganic form, such as sulfate, oxide, and carbonate
(Bao et al., 2007), or in the form of chelated minerals, bound to amino acids, proteins,
carbohydrate, or organic acids (Vieira, 2008; Yaqoob et al., 2020). Inorganic trace minerals
(ITM) exhibit instability and swift dissociation within the gastrointestinal tract, interacting with
other compounds, resulting in their loss before absorption occurs (Aksu et al., 2011). Given the
limited digestibility of ITM, higher dietary levels of ITM are necessary to provide the

requirements of breeders (Sirri et al., 2016), oversupplying ITM can result in increased diet
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production costs and environmental concerns. These issues can be mitigated by replacing ITM
with organic trace minerals (OTM). Trace minerals bound to organic ligands can improve
digestion and absorption within the intestine, thus, OTM is absorbed as part of a specific
organic compound's pathways until it is fully utilized. (Vieira, 2008; Favero et al., 2013b;
Wang et al., 2019).

Different studies have shown that the utilization of OTM can improve hatchability,
eggshell thickness, eggshell conductance, yolk mineral content, feed conversion of the
offspring (Favero et al., 2013b; Zhang et al., 2017; Aratjo et al., 2019; Brand et al., 2023).
Virden et al (2003) has found that offspring originated from broiler breeders fed with OTM
sources of Zn and Mn can improve chicks’ livability from 1 to 18 d and 1 to 34 d. The use of
ITM in combination with OTM 1is able to increase the mineral yolk content also improve
hatching chicks (Favero et al, 2013a). The aim of the present trial was to investigate the
interaction between trace minerals source, Cu, Mn and Zn, inorganic or complexed on broiler
breeder hens’ performance as hatchability, fertility, chicks’ quality, eggshell thickness, yolk,

albumen and shell percentage.
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MATERIALS AND METHODS
All procedures utilized in the present study were approved by the Ethics and Research

Committee of the Federal University of Rio Grande do Sul, Porto Alegre, RS, Brazil.

Birds and Husbandry

A total of 682 Cobb 500 broiler breeder hens and 62 males were used at 24 weeks
provided from commercial farm (Vibra Agroindustrial S. A, Montenegro, RS, Brazil). The
birds were divided randomly into 31 floor pens (2.0 x 2.5 m) after being weighted so their
variation coefficient (CV) could be accessed. The experimental units were composed of 22
hens and two males per pen, reared during 24 to 40 weeks of age in a conventional house,
following Cobb-Vantress (2020b) breeder recommendation for light program and
environmental temperature and relative humidity (RU). A total of 32 males were maintained
in separate pens to replace sexually inactive or dead males to maintain fertility. The
photostimulation occurred at the day of placement (24 wk of age; 13L:11D) with 1 hour light
increased per week until 16L:8D was achieved and maintained until the end of the trial. The
birds were raised on non-reused rice hull litter, with water provided ad libitum, through 3 nipple
waterers per pen and 6 nests. Feed was supplied in restricted daily amount using a separated
feeding arrangement for males and females, which denied males to access female’s feed and
vice-versa. Hens were individually weight (25% of the flock weekly, and 100% once a month).
Feed allocation was adjusted weekly to achieve target standard grow curve suggested from the

breeder genetic line (Cobb-Vantress, 2020a).

Dietary Treatments

All ingredients utilized during the trial were taken from the same batch and remained
under appropriate storage conditions until experimental diets were mixed. Hens were fed the
experimental feeds from 25 to 40 wk (Table 1). The experimental diets were composed of 3

treatments as follow: T1- containing only inorganic sources of trace minerals (Zn — 70 ppm,
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Mn — 70 ppm and Cu — 10 ppm); T2- Partial replacement (50%) of inorganic form of Zn, Mn
and Cu by OTM sources; T3- Partial replacement (70%) of inorganic form of Zn, Mn and Cu
by OTM sources. The trial was conducted using inorganic sources from sulfates of Zn
(ZnSO47H20, 22%), Mn (MnSO4, 31%), Cu (CuSO45H20, 25%). All OTM sources used in
the research were products of Phytobiotics Futterzusatzstoffe GmbH, Eltville, Germany: Zn
OTM (Plexomin® L-Zn, L: 45%, Zn: 20%), Mn OTM (Plexomin® L-Mn, L: 44%, Mn: 16%),
and Cu OTM (Plexomin® L-Cu, L: 45%, Cu: 19%). Dietary treatments were replicated 10, 10,
and 11 times, respectively. Trace mineral results were obtained using inductive coupled plasma
atomic emission spectroscopy as described by Ashoka et al. (2009). The supplemented and

analyzed levels of Zn, Mn, and Cu are listed in Table 3.

Hen Performance Measurements

Hen performance was evaluated in 4 periods of 4 wk each from 25 to 40 wk of age.
Eggs were collected 4 times daily, and then classified as settable, cracked, shell-less or
deformed. All hatchable eggs laid in the last week of 32, 36 and 40 wk were weighed and and
set into a single-stage incubator (Avicomave, Iracemapolis, SP, Brazil). The incubator was set
at 37.5°C and 65% relative humidity (RH). On d 18, eggs were then transferred to the hatcher
compartment set at 36.6°C and 80% RH. Total hatchability was expressed as percentage of
hatching chicks of total eggs set, and hatchability of fertile eggs was expressed as the number
of hatching chicks per fertile eggs set. At hatch, chicks were weighed and had their length
measured in the distance from the tip of the beak to the end of the middle toe as described by
Molenaar et al. (2008). The evaluation of chick bones (tibiae and femurs) was conducted using
samples collected from 30 euthanized hatching chicks per pen.

Parameters of egg production and quality (egg weight, percentage of yolk, albumen and
eggshell, eggshell breaking strength, thickness) were accessed in thirty eggs per treatment

gathered in 3 consecutive days at 27, 31, 35 and 39 weeks of age. Albumen weight was obtained
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by subtracting the yolk and shell weight from the egg weight. Eggshell weight was obtained
after washing and drying shells at 105°C overnight, whereas eggshell thickness was measured
using a micrometer in the basal, equatorial, and apical regions, with these values being
averaged for statistical analysis. Twenty eggs per group were used to determine eggshell
breaking strength, using a texture analyzer (Model TA.XT. plus; Texture Technologies Corp.,
Hamilton, AL) with a 75-mm (P/75) breaking probe as described by Molino et al., (2015). For
the analysis of yolk trace minerals, a pooling of the yolks from weeks 36 and 40 was conducted.

The results were obtained through atomic absorption spectroscopy (Shang and Hong, 1996).

Statistical Analysis

Data were submitted to the normality of variance test to check for normal distribution
and homogeneity of variance test (Levene, 1960; Shapiro and Wilk, 1965). A variance analysis
was performed using the PROC MIXED model procedure of SAS with effect of diets and
periods and their interactions using the repeated statement of SAS 9.4 (2013). The best
covariance structure was based on the Akaike information criteria (Littell et al., 1998).
Furthermore, the total egg production, settable eggs production per hen at 40 wk and yolk and
chick bones analyses were also analyzed using PROC GLM. The Tukey-Kramer test was used
for means comparison with differences being considered significant at P < (.05 (Tukey, 1991).
The periods of evaluations were 25-28, 29-32, 33-36, 37-40 weeks of age. Nonetheless, the

weeks of evaluations for incubation analyses were only 32, 36 and 40 wk of age.
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RESULTS AND DISCUSSION
The formulations and analyses of CP, Ca, P, and trace minerals were consistent across
treatments (n=12, with CP at 14.2% £ 0.31, Ca at 3.2% + 0.024, and P at 0.58% = 0.014). These
levels were considered adequate as they fell within the expected formulated range. Trace
mineral analyses for the dietary treatments were based on samples from four sets of two mixed
batches throughout the study and are detailed in Table 2. The trace mineral content in the

experimental diets corresponded to the supplementation levels indicated in Table 2."

Egg Production and Incubation

The egg production and incubation outcomes are summarized in Tables 3 and 4,
respectively. There were no significant differences in both total and settable egg production
among the dietary treatments (P > 0.05). Egg production started at 25 weeks and peaked
(84.5%) at 30 weeks of age. Therefore, egg production was lower in the first period and then
decreased as age advanced. These findings are in accordance with the results of Favero et al.
(2013b), where no disparities were observed in egg production and settable eggs when
comparing the use of Cu, Zn, and Mn between inorganic and inorganic plus organic trace
minerals. In laying hens, Lim and Paik (2003) demonstrated that the incorporation of organic
Zn, Mn, and Cu had no impact on egg production. A similar study, investigated the impact of
low inclusion levels of OTM (Fe, Cu, Mn, and Zn) on the performance of laying hens, identified
that egg production did not significantly differ between the use of ITM at commercial levels
and a diet supplemented with OTM at 1/3 of commercial levels of Fe, Cu, Mn, and Zn.
However, the egg production from OTM 1/3 was higher than that from the ITM 1/3 (P <0.05)
(Qiu et al., 2020).

On the other hand, Avila et al. (2023), using three diets with Zn, Mn, and Cu, tested
an ITM at commercial levels, OTM, and a combination of 33% OTM and 67% ITM. They

found that hens receiving a combination of trace minerals had higher egg production than the
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other treatments (P < 0.001). An increase in egg production in broiler breeder hens fed with
organic trace minerals (Zn, Mn, Cu, Se, and Fe) at 34, 46, and 56 weeks of age, compared to
those receiving the inorganic treatment, was demonstrated by Araugjo et al. (2019). It seems
that there is inconsistency in egg production across studies, potentially attributed to variations
in the types of trace minerals employed, the utilization of organic sources, and disparities in
experimental methodologies.

Parameters of fertility and hatchability were not affected by treatments of trace
minerals in the present study (P > 0.05), nevertheless, fertility and fertile eggs hatchability were
significantly affected by period. Similar results were found by Aragjo et al., (2019) and Avila
et al. (2023), where fertility and hatchability had no difference between the organic and ITM.
On the contrary, Saber et al. (2020) showed that broiler breeder hens, when provided with a
diet consisting of a 50% OTM and 50% ITM sources of Mn, Fe, Zn, Cu, Se, Co, and I,
demonstrated a higher fertility rate compared to groups receiving only inorganic or organic
supplementation.

Furthermore, Wang et al., 2019 exhibited that birds supplemented with ITM (Fe, Zn,
Mn, Cu and Se) commercial levels showed better reproductive performance, where the fertility
was higher than the other treatments (levels of ITM and OTM). Additionally, it demonstrated
a lower hatchability in the treatment with a 37.5% reduction of commercial levels of OTM (P
< 0.05). Moreover, Favero et al. (2013b) showcased a higher hatchability of fertile eggs in the
substitution group, outperforming both the IMT and On Top supplementation groups. In the
context of this study, the absence of any significant effects on the parameters of production and
incubation may suggest that all treatment combinations provided sufficient mineral content for

satisfactory performance.
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Egg quality

Results from egg quality are described in Table 5. Parameters of egg weight, eggshell
breaking strength, specific gravity, yolk, albumen, and shell percentage were not affected by
treatments (P > 0.05), but were significantly influenced by the period (P < 0.05) as expected.
Corresponding outcomes were found by Noetzold et al. (2022a) when studying the influence
of partial substitutions of organic trace minerals (Zn, Mn, Cu, Fe, and Se); they did not find
any differences between the replacements in the inner egg quality. However, breaking strength
had significantly increased with On Top supplementation (P < 0.05).

The eggshell thickness presented a significant difference among the dietary treatments,
where a 50% replacement of OTM showed a higher thickness (P < 0.05). In agreement to this
study, eggshell thickness improvements have been reported in similar studies (Stefanello et al.,
2014; Aragjo et al., 2019; Akhtar et al., 2020; Yaqoob et al., 2020; Noetzold et al., 2022a).
Nevertheless, some researchers have found no differences on eggshell thickness between ITM
and OTM source of trace minerals (Zn, Fe, Cu, Mn, or Se) (Zhang et al., 2017; Wang et al.,
2019; Qiu et al., 2020; Brand et al., 2023).

Noetzold et al. (2022a) detected an improvement in eggshell thickness as hens aged,
particularly when the shells are expected to be thinner (at 65 weeks). In this study, similar
outcomes were observed, where eggshell thickness at weeks 35 and 39 was higher than at 27
and 31 weeks. This finding might suggest that the trace minerals maintained higher eggshell
thickness during periods when the shell is expected to begin thinning.

Chick Quality and Mineral Content

Results from chick weight and mineral content of yolk and bones are illustrated in Table
4 and 6, respectively. Chick length was not affected by treatments of trace minerals (P > 0.05),
still, was significantly affected by period. The replacement of 50% organic trace elements of

Zn, Mn and Cu has demonstrated a higher body weight of hatched chicks (P < 0.05).
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In their investigation involving various substitutions of organic trace minerals (Zn,
Mn, Cu, Fe, Se, and I), Noetzold et al. (2022b) observed enhancements in both chick weight
and length within treatments that incorporated OTM. These outcomes align with the
discoveries made by Favero et al. (2013b), who reported that on top supplementation can
improve the length of hatching chicks. On the other hand, some studies have found no
differences between the sources of trace minerals (Zn, Mn, Fe, and Cu) in hatching weight but
observed effects depending on hens age (Favero et al., 2013b; Araujo et al., 2019; Saber et al.,
2020; Guz et al., 2022). It has been reported that chick weight can be related to the body weight
of broilers at 7 and 42 days, improving slaughter performance (Willemsen et al., 2008; Petek
etal., 2010).

The substitution of 50% of OTM resulted in a higher Zn content in the yolk (P < 0.05),
while Mn and Cu remained unaffected. Regarding the mineral content in the tibiae plus femurs
of hatching chicks, the 70% replacement exhibited elevated levels of Zn (P < 0.05), while Mn
and Cu showed no significant response to the treatments. Previous studies indicate that the yolk
mineral content can be affected by dietary trace minerals (Nys et al., 2018; Ghasemi et al.,
2022; Santos et al., 2022). Favero et al. (2013a), when analyzing a pool of yolk and albumen,
found higher differences only in Zn concentrations for the organic treatments; Mn and Cu were
not affected. Contrary to the results of these studies, Avila et al. (2023) did not find any
differences in yolk mineral content between ITM and OTM source.

The mineral composition of bones may be influenced by the presence of those same
minerals in the yolk. As the primary reservoir for trace minerals, the yolk plays a crucial role
in providing essential nutrients to hatchlings from the fertilized egg (Richards, 1997; Vieira,

2007; Uni et al., 2012).
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CONCLUSIONS AND APPLICATIONS
1. Broiler breeder hens fed with OTM lysine source had increased eggshell thickness
compared to the inorganic control group. Despite that, no effect was found on
hatchability and fertility.
2. Yolk zinc was higher with OTM at 50%, and the hatched chicks' weight was also higher
compared to ITM or OTM at 70%.
3. Tibiae and femurs of hatched chicks had similar Mn and Cu values; however, the Zn

values in OTM at 70% demonstrated higher levels.
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418  Table 1. Composition of basal diet supplied to broiler breeder hens from 25 to 40 wk of age.

Ingredients, % as-is Laying 1 Males
Corn 61.07 55.13
Soybean Meal, 46% 18.04 9.55
Wheat Meal 6.75 31.46
Soybean Oil 2.36 0.50
Dicalcium Phosphate 0.92 0.34
Limestone 9.73 1.92
Sodium bicarbonate 0.21 0.28
Salt 0.33 0.23
Methionine hydroxy analogue' 0.14 0.09
L-Lysine HCL 0.02 -
L-Threonine 0.03 0.04
Vitamin premix> 0.15 0.15
Mineral premix> 0.10 0.10
Choline Chloride 60% 0.14 0.19
BHT 0.01 0.01

HiPhos 20.000* 0.01 0.005

Total 100.00 100.00
AME, kcal/kg 2,800 2,700
Crude Protein 14.10 13.92
Ca 3.40 0.95
Av.P 0.42 0.42
Na 0.20 0.18
d Lys 0.63 0.50
d Met 0.33 0.27
d TSAA 0.55 0.49
d Thr 0.47 0.43
d Trp 0.14 0.13
d Val 0.60 0.53

Choline, mg/kg 1,500 1,500

419 "'Novus (DL-2-hydroxy-(4-methylthio) butanoic acid).

420 2 Composition per kg of product: vitamin A, 9,000.000 UI; vitamin D3, 2,500.000 UI; vitamin E, 20,000 UI; vitamin K3, 2,500 mg;
421 vitamin B1, 2,000 mg; vitamin B2, 6,000 mg; vitamin B6 3,000.38 mg; pantothenic acid, 12 g; vitamin B12, 15,000 mcg; nicotinic acid,
422 35 g; folic acid, 1,500 mg; biotin, 100 mg; selenium, 250 mg.

423 3 Experimental treatments resulted from feed additions with Sulfates: CuSO4, ZnSO4, MnSO4. OTM: PlexominZn, Plexomin Mn and
424 Plexomin Cu.

425 4 Ronozyme HiPhos 20,000 FYT/g, Novozymes A/S, Bagsvaerd, Denmark.



426  Table 2. Description of treatments composed by varying strategies of trace mineral supplementation’'.

Mineral Zn, ppm Mn, ppm Cu, ppm
Treatments? Sulfate / OTM Sulfate / OTM Sulfate / OTM
IT™M 70/0 (82+14) 70/0 (129+17) 10/0 (18%4)
50% ITM, 50% OTM 35/35 (109+13) 35/35 (134+20) 5/5 (18+3)
30% ITM, 70% OTM 20/50 (104+7) 20/50 (144+37) 3/7 (16£3)
427 ! Values within parenthesis are analyzed + SD (n=3). Data were obtained using inductive coupled plasma atomic emission spectroscopy as described by Ashoka et al. (2009).

428 2T1- Control ITM with Zn, Mn, and Cu at 70, 35, and 20 ppm, respectively; T2- same total mineral content as in T1 in a combination of 50% ITM and 50% OTM; T3- same total mineral content
429 asin T1 in a combination of 30% ITM and 70% OTM.

430

431  Table 3. Broiler breeder hen productive performance as affected by supplemental trace mineral sources.
Treatments' Total egg production Settable eggs Total egg? Settable eggs’
IT™ 70.0 43.1 77.7 77.2
50% ITM, 50% OTM 72.9 43.7 79.1 78.6
30% ITM, 70% OTM 71.9 47.5 76.7 76.2
Periods
25-28 46.1°¢ 25.1°¢ - -
29-32 82.0° 52.9% - -
33-36 81.2¢ 52.8* - -
37-40 76.9° 48.4° - -
SEM 1.399 1.184 0.648 0.654
P-value
Treatment 0.2252 0.1568 0.3296 0.3370
Period <.0001 <.0001 - -
Treatment vs. period 0.1081 0.0530 - -

432 a>b>c Means with different letters in the same column indicate significant differences (P < 0.05).

433 IT1- Control ITM with Zn, Mn, and Cu at 70, 35, and 20 ppm, respectively; T2- same total mineral content as in T1 in a combination of 50% ITM and 50% OTM; T3- same total mineral content as in
434 T1 in a combination of 30% ITM and 70% OTM.
435 2 Total eggs from 25 to 40 weeks per hen housed.
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Table 4. Broiler breeder hen reproductive performance as affected by trace mineral sources.
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Hatchability, %

Treatments' Fertility?, % Total oz’ Fertile cgg” Body weight, g =~ Body Length, cm
I™ 97.3 87.2 90.6 46.2° 18.8
50% ITM, 50% OTM 97.1 85.7 89.1 48.0° 19.2
30% ITM, 70% OTM 94.5 86.6 89.7 46.8° 18.9
Periods
32 97.3 86.5 88.3° 45.7° 19.0°
36 94.5° 87.2 91.4* 46.8° 18.6°
40 97.2% 85.8 89.7% 48.4% 19.52
SEM 0.483 0.582 0.448 0.704 0.067
P-value
Treatment 0.1613 0.7217 0.4034 0.0420 0.4670
Period <.0001 0.4414 0.0205 <.0001 <.0001
Treatment vs. period 0.5875 0.5047 0.3643 0.6770 0.5370

IT1- Control ITM with Zn, Mn, and Cu at 70, 35, and 20 ppm, respectively; T2- same total mineral content as in T1 in a combination of 50% ITM and 50% OTM; T3- same total mineral content

as in T1 in a combination of 30% ITM and 70% OTM.

2 Fertility, % = (number of fertile eggs/numbers of total egg set) x 100.

3 Hatchability total eggs set, % = (number of chicks hatched/number of eggs set) x 100.

4 Hatchability of fertile eggs set, % = (number of chicks hatched/number of fertile eggs set) x 100.
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Table 5. Broiler breeder hen egg characteristics as affected by trace mineral sources.
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. % .
Treatment! Egg weight, g Yolk Albumen Shell Thickness, um
I™ 62.6 27.5 63.6 8.8 373.0°
50% ITM, 50% OTM 63.1 27.7 63.5 8.9 394.7%
30% ITM, 70% OTM 63.5 27.4 63.8 8.9 381.0°
Periods

27 55.9¢ 25.94 64.9 9.12 373.8°

31 61.9° 26.9° 64.3? 8.8% 370.8°

35 65.8° 28.2° 62.9° 8.9% 399.5%

39 68.7% 29.12 62.4° 8.7° 389.9%
SEM 0.335 0.111 0.112 0.045 1.768
P-value
Treatment 0.6320 0.3660 0.7160 0.9725 0.0001
Period <.0001 <.0001 <.0001 0.0147 <.0001
Treatment vs. period 0.8980 0.2210 0.1680 0.4340 <.0001

ab>c>d Means with different letters in the same column indicate significant differences (P < 0.05).
IT1- Control ITM with Zn, Mn, and Cu at 70, 35, and 20 ppm, respectively; T2- same total mineral content as in T1 in a combination of 50% ITM and 50% OTM; T3- same total mineral content

as in T1 in a combination of 30% ITM and 70% OTM.
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460  Table 6. Mineral composition of yolks and hatched chicks bones', ppm.

Treatments? Cu Mn Zn
Yolks, pool 36 - 40 weeks
2.41 3.89 65.14°
50% ITM, 50% OTM 2.15 3.97 77.322
30% ITM, 70% OTM 2.20 4.24 71.32%
Mean 2.25 4.04 70.85
SEM 0.059 0.070 1.478
P-value 0.1608 0.1003 0.0023
Bones, 40 weeks

Inorganic Sulfate 14.33 13.38 606.80%
50% Inorganic Sulfate, 50% Plexomin 14.06 12.10 537.59°
30% Inorganic Sulfate, 70% Plexomin 12.11 13.14 685.76*
Mean 13.45 12.88 614.99
SEM 0.611 0.451 23.170
P-value 0.2674 0.4953 0.0270

461 @b Means with different letters in the same column indicate significant differences (P < 0.05).

462 ITibiae (n=20) and femurs (n=20).

463 2T1- Control ITM with Zn, Mn, and Cu at 70, 35, and 20 ppm, respectively; T2- same total mineral content as in T1 in a combination of 50% ITM and 50% OTM; T3- same total mineral content

464 asin T1 in a combination of 30% ITM and 70% OTM.
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CONSIDERACOES FINAIS
Com base nos resultados obtidos neste estudo, podemos concluir que a inclusao
de microminerais complexados com lisina, combinados com microminerais
inorganicos nas dietas de reprodutoras pesadas, apresentou beneficios
significativos nos resultados de progénie e na qualidade da casca dos ovos. A
abordagem de utilizar uma combinagao equilibrada de 50% de microminerais
inorganicos e 50% de microminerais complexados demonstrou ser uma
alternativa promissora em comparacdo com a utilizagdo exclusiva de

microminerais inorganicos.

Observou-se que as gemas provenientes de ovos de matrizes pesadas
submetidas a 50% de substituigdo por lisinatos apresentaram um aumento no
teor de Zn. Além disso, a progénie proveniente de matrizes que receberam a
suplementacdo de 70% de microminerais complexados exibiu uma maior
quantidade de Zn nos ossos. Quanto ao parametro de espessura da casca dos
ovos, 0 nivel de substituicio mais eficaz foi de 50% de microminerais

complexados.

Considerando os resultados alcangados nesta pesquisa, a combinacdo de
microminerais inorgénicos e complexados indicam uma eficiéncia notavel na
transmissao desses elementos para os ovos e, consequentemente, para a
progénie subsequente. Essa abordagem pode desempenhar um papel relevante
na melhoria da performance de frangos de corte. Os dados sugerem que a
escolha criteriosa de microminerais na dieta das reprodutoras pesadas pode ter
impactos positivos na qualidade dos ovos e também no correto desenvolvimento

da progénie.
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APENDICES

Apéndice 1: Normas para publicagao de artigos no periédico Journal of Applied
Poultry Research

Journal Applied Poultry Research Guide to Authors'
SCOPE AND GENERAL INFORMATION
Aims and scope.

The Journal of Applied Poultry Research (JAPR) publishes original research
reports, field reports, and reviews on breeding, hatching, health and disease,
layer management, meat bird processing and products, meat bird management,
microbiology, food safety, nutrition, environment, sanitation, welfare, and
economics. JAPR is an Open Access journal with no subscription charges,
meaning authors who publish here can make their research immediately,
permanently, and freely accessible worldwide while retaining copyright to their
work.

The readers of JAPR are in education, extension, industry, and government,
including research, teaching, administration, veterinary medicine, management,
production, quality assurance, product development, and technical services.
Nutritionists, breeder flock supervisors, production managers, microbiologists,
laboratory personnel, food safety and sanitation managers, poultry processing
managers, feed manufacturers, and egg producers use JAPR to keep up with

current applied poultry research.

SUBMISSION

All manuscripts are submitted and reviewed via the journal's Editorial Manager
manuscripts submission site at
https://www.editorialmanager.com/japr/default.aspx. New authors should create
an account prior to submitting a manuscript for consideration. The submission
system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF

file used in the peer review process. Editable files (e.g., Word) are required to



53

typeset your article for final publication. All correspondence, including notification

of the Editor's decision and requests for revision, is sent by e-mail.

Submission Checklist

You can use this list to carry out a final check of your submission before you send
it to the journal for review. Please check the relevant section in this Guide for
Authors for more details. Ensure that the following items are present: One author
has been designated as the corresponding author with contact details (please
note that co-corresponding authors are not allowed):

* E-mail address

* Full postal address All necessary files have been uploaded: Manuscript:

* Include keywords

+ All tables (including titles, description, footnotes)

* Figure legends

* Ensure all figure and table citations in the text match the files provided

« Ethical treatment of animals statement

Figure files (figures must be uploaded as separate files, not embedded in the
manuscript) Supplemental files (where applicable)

Conflict of Interest statement

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice
versa

* Permission has been obtained for use of copyrighted material from other
sources (including the Internet)

* A competing interests statement is provided, even if the authors have no
competing interests to declare

+ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal
requirements

For further information, visit our Support Center.

Submission declaration and verification
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Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic
thesis, see 'Multiple, redundant or concurrent publication' for more information),
that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published
elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright holder.

To verify originality, your article may be checked by the originality detection

service Crossref Similarity Check.

CONTACT INFORMATION

For information on the scientific content of the journal, contact the editor-in-chief,
Dr. Brian

Fairchild, University of Georgia, Department of Poultry Science; e-mail:

brian.fairchild@uga.edu.

For assistance with Editorial Manager manuscripts and manuscript submission,

contact David Busboom at david.busboom@poultryscience.org.

For all other inquiries, visit the Elsevier Support Center. Here you will find
everything from Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your

accepted article will be published.

TYPES OF ARTICLES

Research reports

Most papers published in JAPR are research reports. The journal emphasizes
the importance of good scientific writing and clarity in presentation of the
concepts, apparatus, and sufficient background information that would be
required for thorough understanding by scientists in other disciplines. The results
of experiments published in JAPR must be replicated, either by replicating

treatments within experiments or by repeating experiments.

Field reports


mailto:brian.fairchild@uga.edu
mailto:david.busboom@poultryscience.org

55

Field reports will be published when adequate background is available and
conclusions can be supported by quantifiable laboratory or diagnostic results.
The manuscript should follow the format outlined in the Style and Form section
of this document. It should include a section titled Field Report in which the
observations are explained and discussed under subheadings of Materials and
Methods and Results and Discussion. Authors are encouraged to include

subheadings for all major areas in this section.

Applied research notes

Applied Research Notes report the results of complete experiments but are less
comprehensive than full-length articles. These short papers may convey case
reports, preliminary, or final data fulfilling one or more of the following criteria: a
single experiment, low sample numbers, or limited replication. Manuscripts
should be prepared according to the guidelines for full-length articles. The title of
an Applied Research Note must begin with the words "Applied Research Note:".
The running head shall be "APPLIED RESEARCH NOTE." Results and
Discussion should be a unified section with concise data interpretation. A
conclusions 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 Applied Research Notes.

Review articles

Articles submitted to this section may cover new developments in a field, describe
the evolution of a currently accepted management practice, propose changes in
management based on current research, or describe procedures. Clear
distinctions should be made between firmly established practices and unresolved
questions. Articles should begin with a concise description of the topic, followed
by a critical evaluation of the important references. Review articles, whether
solicited or unsolicited, will be subject to a stringent review process. Review
articles should follow the general format outlined in the Style and Form, when
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appropriate, and include brief subheadings to separate main ideas. A

Conclusions and Applications section should be included in most cases.

Symposium and workshop articles

Manuscripts presented at the annual meeting as part of a symposium or
workshop may be submitted with prior agreement by the editor-in-chief. These
submissions will be subject to peer review and may be accepted or rejected in
the same manner as other submissions. The format may be similar to reviews,
research reports, or field reports, as outlined in the Style and Form. Please see

the full guidelines here.

Letters and commentaries
The journal accepts letters, book reviews, and other free-form communications
(used to correct errors, provide clarification, or offer other points of view on

pertinent issues). Submissions may be edited in consultation with the author.

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/peerreview.

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
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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. 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
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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, 4th edition, 2020 (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 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/about/policies/copyright/permissions.
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DECLARATION OF COMPETING INTEREST

Corresponding authors, on behalf of all the authors of a submission, must
disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential conflicts of interest include employment, consultancies, stock
ownership, honoraria, paid expert testimony, patent applications/registrations,
and grants or other funding. All authors, including those without competing
interests to declare, should provide the relevant information to the corresponding
author (which, where relevant, may specify they have nothing to declare).
Corresponding authors should then use this tool to create a shared statement
and upload to the submission system at the Attach Files step. Please do not

convert the .docx template to another file type. Author signatures are not required.

Preprints
The journal will not accept articles posted to preprint servers prior to, or during

peer review, for consideration for publication.

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.
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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
aaaal. 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.
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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-Non Commercial-No Derivs (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 applied 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://www.elsevier.com/openaccesspricing.

Shortly after acceptance, the corresponding author will be contacted regarding

license options, funding information, and payment of the Open Access fee.
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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:

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.
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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, boldface, in all capital letters, and consist of
SUMMARY, DESCRIPTION OF PROBLEM, MATERIALS AND METHODS,
RESULTS AND DISCUSSION, CONCLUSIONS AND APPLICATIONS, and
REFERENCES.

Major headings in review articles, field reports, and symposium articles may vary
from those listed here, but should include SUMMARY, CONCLUSIONS AND
APPLICATIONS, 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 should be indicative of the content. It should capture the interest of all
who might benefit from information in the manuscript. However, the length of the
title should be kept to a minimum. The running title should be 30 characters or
less, including spaces.

Address and affiliation of authors (listed by first name or initials, middle initial, and
last name) should be included. Indicate to whom correspondence should be
directed by means of a footnote, with the notation "Corresponding author: (e-mail
address)" at the bottom of the title page. Note: JAPR 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
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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.

List 3 to 8 key words or phrases to identify the most important subjects covered
by the paper.

Statement of primary audience. To determine appropriateness for the journal and
to assist in selecting reviewers, the author should indicate clearly what sector(s)
within the poultry com- munity (e.g., flock supervisors, nutritionists, quality
assurance personnel, researchers, plant managers, veterinarians) could benefit

most from the content of this article.

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.

ARTICLE STRUCTURE

Summary

The Summary (maximum of 250 words) is not an abstract. It is intended to give
readers with diverse backgrounds a general appreciation of the manuscript
contents. It should be written so that even those not directly interested in the topic
will enjoy reading at least this section to keep abreast of areas other than their
own. This section should not include details of materials and methods or a
detailed review of the results. Keep the summary free-flowing, giving the reader
a general, not specific, idea of what the study revealed. Do not include reference

citations in the summary.
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Description of problem

This section will acquaint the reader with the problem, citing field experiences
where appropriate. Readability is of utmost importance. Detailed literature
reviews may not be appropriate for this section. A more extensive citation of
references should be included in the Results and Discussion or References

section. This section should end with a statement of the objective(s) of the study.

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 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.

Results and discussion

This section begins with observed results and their interpretation. Descriptive
subheadings may precede all major paragraphs and changes in subject
emphasis. This section should discuss specifically how findings address the
problem described in the Description of Problem section and how they are related
to published works.

Statements regarding statistically significant differences between treatments in
results should be included in the text, tables, and figures. Statements regarding
differences should be avoided unless they are supported by statistical analyses

and meet the stated level of probability (e.g., P < 0.05).

Conclusion and applications

Conclusions and recommendations of the author(s) should be listed numerically.
Each statement should be clear, concise, and without discussion. Authors are
encouraged to summarize their significant findings, to identify further research

needs, and to describe the constraints, economics, and other factors associated



66

with using the results in scientific or commercial applications. Do not include
references in this section.
References

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 n published 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
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