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RESUMO

MICROMINERAIS ORGANICOS, CALCIO QUELATADO OU DE ALGA SOBRE O
DESEMPENHO, QUALIDADE DE OVO, INCUBACAO E QUALIDADE
ESPERMATICA EM MATRIZES DE POEDEIRAS

AUTOR: Angélica Londero
ORIENTADOR: Alexandre Pires Rosa

O objetivo deste trabalho foi avaliar o efeito da suplementagdo de microminerais organicos (MMO)
adicionados a minerais inorganicos e calcio aminoécido quelatado ou célcio de alga (Lithothamnium
calcareum) sobre o desempenho, qualidade de ovos, incubacdo e qualidade espermatica em
reprodutores avicolas. Foram realizados dois estudos, descritos nos capitulos Il e Il. Em ambos os
experimentos, as fémeas foram inseminadas artificialmente uma vez por semana com sémen de
machos submetidos @ mesma dieta e os dados coletados foram submetidos a ANOVA e teste de
Tukey. No capitulo 1l: SUPLEMENTACAO DE MINERAIS ORGANICOS E INORGANICOS
SOBRE O DESEMPENHO, QUALIDADE DE OVOS, INCUBACAO E QUALIDADE
ESPERMATICA DE MATRIZES DE POEDEIRAS, foram utilizadas 144 fémeas White Plymouth
Rock e 36 machos Red Rhodes Island de 36 a 55 semanas de idade distribuidos em um delineamento
inteiramente casualizado com 8 repeticGes de 6 fémeas e 12 repeticbes de 1 macho cada. Os
tratamentos avaliados foram: DB - dieta basal contendo apenas mineral inorganico na dieta (10 mg Cu,
60 mg Fe, 70 mg Mn, 75 mg Zn e 0,3 mg Se por kg de dieta), DB+500gMMO - dieta basal + 500g de
mineral organico por tonelada de dieta (2,5 mg Cu, 17,5 mg Fe, 20 mg Mn, 27,5 mg Zn e 0,08 mg Se
por kg de racdo) e BD+800gMMO - dieta basal + 800g de mineral organico por tonelada de ragdo (4
mg de Cu, 28 mg de Fe, 32 mg de Mn, 44 mg de Zn e 0,128 mg de Se por kg de racdo). Nas semanas
43, 44, 45 e 49 as producdes de ovos foi maior no tratamento DB+800gOMM que no BD. O indice de
gema foi melhor nos ovos das galinhas alimentadas com o tratamento BD do que o BD+800gMMO. O
vigor espermatico nos machos alimentados com o tratamento BD+800gOMM foi maior que o BD. A
fertilidade foi maior nos ovos das fémeas alimentadas com o tratamento BD+500gMMO do que a DB.
No capitulo Il: SUPLEMENTACAO DE MICRO MINERAIS ORGANICOS E CALCIO
AMINOACIDOS QUELADO OU DE ALGA (Lithothamnium calcareum) SOBRE AS
CARACTERISTICAS PRODUTIVAS E REPRODUTIVAS DE MATRIZES DE POEDEIRAS,
foram utilizados 192 fémeas White Plymouth Rock e 48 machos Red Rhodes Island de 36 a 55
semanas de idade distribuidos aleatoriamente em arranjo fatorial (2 x 2) totalizando 8 repeti¢Ges de 6
fémeas e 12 repeticdes de 1 macho cada. De uma dieta basal contendo minerais inorganicos foram
elaboradas 4 dietas contendo 2 niveis de minerais organicos: 500MMO - 500g de minerais organicos
por tonelada de dieta (2,5 mg Cu, 17,5 mg Fe, 20 mg Mn, 27,5 mg Zn e 0,08 mg Se por kg de dieta) e
800MMO - 800g de minerais organicos por tonelada de dieta (4 mg Cu, 28 mg Fe, 32 mg Mn, 44 mg
Zn e 0,128 mg Se por kg de racdo) e 2 tipos de célcio: calcio aminoéacido quelatado (CaCh) — 0,155
o/kg e célcio de alga Lithothamnium calcareum (LCa) — 1,6 g/kg de dieta. A porcentagem de gema e
casca de ovo, gravidade especifica e espessura da casca foram maiores nos ovos de aves alimentadas
com CaCh na dieta. Um aumento no aloumem foi observado nos ovos das aves alimentadas com LCa.
O volume de espermatozoides foi maior nos machos alimentados com 500MMO. Motilidade e vigor
espermatico foram maiores em machos alimentados com CaCh nas dietas. Os pardmetros de incubagao
ndo foram afetados pelos tratamentos. Em concluséo, a adi¢cdo de minerais organicos na dieta trouxe
efeitos positivos com o aumento da producgdo de ovos, fertilidade e vigor dos espermatozoides dos
machos. O célcio aminoacido quelato teve efeitos positivos na qualidade dos ovos, motilidade e vigor
dos espermatozoides.

Palavras — Chave: Eclosdo. Espermatozoides. Machos reprodutores. Produgdo de ovos.



ABSTRACT

ORGANIC MICRO MINERALS, CALCIUM CHELATED OR SEAWEED ON
PERFORMANCE, EGG QUALITY, HATCHING AND SPERMATIC QUALITY OF
LAYING BREEDER HENS

AUTHOR: Angélica Londero
ADVISOR: Alexandre Pires Rosa

The objective of this study was evaluate the effect of the effects of the supplementation of organic
micro minerals (OMM) added to inorganic minerals and calcium amino acid chelated or marine
calcium calcium (Lithothamnium calcareum) on the performance, egg quality, incubation and sperm
quality of poultry breeding. Two studies were performed, described in Chapters 1l and Ill. In both
experiments, females were artificially inseminated once a week with semen from males submitted to
the same diet and the data were submitted to ANOVA and Tukey’s test. In chapter II:
SUPPLEMENTATION OF ORGANIC MINERALS AND INORGANIC ON THE
PERFORMANCE, EGG AND SPERM QUALITY AND, HATCHING CHARACTERISTICS OF
LAYING BREEDER HENS, there were used 144 White Plymouth Rock females and 36 Red Rhodes
Island males at 36 to 55 weeks of age in the experimental design completely randomized, with 8
replicates with 6 hens and 12 replicates with 1 male each. The treatments evaluated were: DB - basal
diet containing only inorganic mineral (10mg Cu, 60mg Fe, 70mg Mn, 75mg Zn and 0,3mg Se per kg
of diet), BD + 500gOMM - basal diet plus 500g of organic mineral by ton of diet (2.5mg Cu, 17.5mg
Fe, 20mg Mn, 27.5mg Zn and 0.08mg Se by kg of diet) and BD + 800gOMM - basal diet plus 800g of
organic mineral per ton of diet (4mg Cu, 28mg Fe, 32mg Mn, 44mg Zn and 0.128mg Se per kg of
diet). In the weeks 43, 44, 45 and 49 the eggs production was higher in treatment BD+800gOMM than
BD. The yolk index was better in eggs from hens fed with treatment BD than BD+800gOMM. The
sperm vigor in the males fed with treatment BD+800gOMM was higher than BD. The fertility was
higher in eggs from hens fed with treatment BD+500gOMM than BD. In chapter IlI:
SUPPLEMENTATION OF ORGANIC MICRO MINERALS AND CALCIUM OF AMINO ACID
CHELATED OR MARINE CALCIUM (Lithothamnium calcareum) ON THE PRODUCTIVE AND
REPRODUCTIVE CHARACTERISTICS OF LAYING BREEDER HENS, there were used 192
Plymouth Rock White females and 48 Rhodes Island Red males at 36 to 55 weeks of age in the
randomly distributed in a factorial arrangement (2 x 2) totaling 8 replicates with 6 hens and 12
replicates with 1 male each. From a basal diet containing inorganic minerals were made 4 diets of 2
levels of organic trace minerals: 5000MM - 5009 of the organic minerals by ton of diet (2.5 mg Cu,
17.5mg Fe, 20mg Mn, 27.5mg Zn and 0.08mg Se per kg of diet) and 8000MM - 800g of the organic
minerals by ton of diet (4mg Cu, 28mg Fe, 32mg Mn, 44mg Zn and 0.128mg Se per kg of diet) and 2
types of calcium: calcium amino acid chelated (CaCh) — 0.155¢g/kg and calcium from Lithothamnium
calcareum (LCa) algae — 1.6g/kg of diet. An increase in the yolk, eggshell, specific gravity and shell
thickness were observed in eggs from hens fed with Cah. An increase in the albumen was observed in
eggs from hens fed LCa. Sperm volume was higher in males fed with 5000MM. Motility and sperm
vigor were improved in males fed with CaCh on diets. Incubation parameters were not affected by
treatments. In conclusion, the addition of organic minerals in the diet brought positive effects with
increased egg production, fertility and vigor of sperm from males. The calcium amino acid chelated
has positive effects on quality of egg, motility and sperm vigor.

Keywords: Hatching. Spermatozoa. Breeder males. Egg production.
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1 INTRODUCAO

Buscando a mais alta produtividade, nos programas nutricionais de aves, as dietas séo
balanceadas através de um ajuste entre a oferta de nutrientes dos ingredientes e as exigéncias
nutricionais. Uma das mais importantes limitacdes nutricionais para as aves é a deficiéncia de
minerais, uma vez que as matérias primas (milho e farelo de soja), utilizadas na fabricacdo das
dietas, geralmente, ndo atendem completamente as exigéncias desses animais. Um aporte
inadequado de minerais pode comprometer o desempenho das aves, qualidade da casca dos
ovos e desempenho da progénie (SECHINATO et al., 2006).

De maneira geral, os minerais participam de funcdes variadas no organismo, estando
divididos em duas categorias: macro e microminerais. Os macros elementos como calcio e
fosforo constituem a base da formacéo esquelética, enquanto que sodio, cloro e potassio, estao
distribuidos em maiores concentragdes nos tecidos moles, controlando o equilibrio acido-
basico organico (BERTECHINI, 2006). Os micros elementos ou minerais tragos como
manganés (Mn), cobre (Cu), ferro (Fe), zinco (Zn), iodo (I) e selénio (Se) estdo presentes em
menores quantidades nas dietas de aves e por isso sdo chamados de microminerais, mas sao
igualmente essenciais para 0s animais e participam principalmente como agentes cataliticos
em todas as reacdes do metabolismo (ARAUJO, et al., 2008).

A maioria das fontes minerais utilizadas em dietas para aves sdo derivadas de
compostos inorganicos. Contudo, pesquisas com fontes minerais organicas surgiram no
mercado com a perspectiva de serem mais facilmente absorvidas pelas aves (ZAMANI et al.,
2005). Fontes organicas ou quelatos metalicos tém sido utilizadas com o objetivo de
potencializar a biodisponibilidade de micro minerais, ligando minerais a moléculas organicas,
permitindo a formacdo de estruturas com estabilidade Unica (AAFCO, 2005). Tais estruturas
organicas sdo estdveis no trato digestivo e, preferencialmente absorvidas porque sao
protegidas da formacdo de complexos com outros componentes da dieta (AMMERMAN,
1998). Na forma organica, 0os minerais sdo absorvidos pelos carreadores intestinais de
aminodcidos e peptideos e ndo por transportadores intestinais classicos de minerais. Isto evita
a competicdo entre minerais pelos mesmos mecanismos de absor¢do (MABE, 2001).

Os microminerais sdo essenciais nas dietas das aves porque participam dos processos
bioquimicos necesséarios para o crescimento e manutengdo do desenvolvimento normal,
incluindo formagcdo de o0ssos, cascas de ovos, desenvolvimento embrionario aviario
(RICHARDS, 1997) e qualidade do sémen (BARBER et al., 2005). Paik (2001) avaliou as

fontes organicas de Zn, Cu e Mn em dietas de poedeiras e observou melhora na gravidade
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especifica e porcentagem de ovos em poedeiras alimentadas com minerais organicos. Shan et
al. (2017) avaliaram o efeito de minerais inorganicos e organicos (Zn, Mn, Cu, Fe e Se) em
dietas de machos de matrizes de corte e observaram um aumento significativo nos parametros
de qualidade de sémen, como volume e densidade, naqueles alimentados com minerais
organicos de 31 a 35 semanas.

Geralmente, as fontes de calcio utilizadas na alimentacdo animal sdo oriundas de
rochas, como o calcario e o fosfato bicalcico, pois, sdo mais abundantes e de menor custo
(MELO e MOURA, 2009). O conhecimento de novas alternativas que ndo sejam derivadas de
rochas, que possam apresentar maior biodisponibilidade e que possam ser substituidas ou
usadas em associacdo na dieta é essencial na busca por menores custos na ragdo, fontes
renovaveis e maior desempenho das aves. Assim, o célcio amino&cido quelatado e o calcio de
algas vém sendo estudados como alternativas promissoras.

A solubilidade das fontes de célcio € um fator indicativo na qualidade, ja que
apresenta alta correlacdo com a biodisponibilidade e absorcédo intestinal (MELO e MOURA,
2009). Nesse sentido, fontes quelatadas ou organicas, como é o caso do célcio aminoacido
quelatado, tém sido utilizadas devido a sua maior biodisponibilidade. Além deste, o uso de
calcio de algas esta sendo pesquisado por apresentar vantagens pela alta disponibilidade dos
nutrientes adsorvidos nas paredes celulares, facilitando sua assimilacdo aos animais e
melhorando a absorcéo de célcio e alta porosidade, o que leva ao aumento da area superficial
especifica (ASSOUMANI, 1997).

Os estudos relacionados ao efeito da utilizacdo de minerais inorganicos e organicos e
calcio em dietas de reprodutores avicolas sdo inconsistentes e controversos sendo que, no caso
de variaveis de qualidade espermatica sdo poucas as informacdes encontradas. Os objetivos
deste estudo foram, portanto, avaliar o uso on top de micrminerais organicos aminoacidos
quelatados (cobre, ferro, manganés e zinco) e um metal proteinato na forma de selénio
levedura em adicdo aos minerais inorganicos e o uso de calcio aminoacido quelatado ou
calcio de alga (Lithothamnium calcareum), em dietas de reprodutores de poedeiras, machos e
fémeas, sobre o desempenho zootécnico, qualidade de ovos, pardmetros de incubacdo e

qualidade espermatica.
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2 REVISAO BIBLIOGRAFICA

2.1 IMPORTANCIA DOS MINERAIS NA NUTRICAO

O termo mineral refere-se a elementos quimicos inorganicos, encontrados em todos 0s
animais e plantas, em proporg¢des varidveis, sendo participantes ativos de varias enzimas e
constituintes estruturais de 6rgaos e tecidos (TEIXEIRA, 2001).

Os minerais séo classificados academicamente em macro minerais e microminerais ou
elementos tracos. Esta classificacdo esta relacionada com as concentracdes dos elementos nos
tecidos, que de certa forma, indicam as suas necessidades orgénicas (BERTECHINI, 2006),
Segundo Bondi, (1987) macro minerais, tais como: célcio, fosforo, magnésio, potassio, sodio,
cloro e enxofre apresentam necessidades no organismo superiores a 70mg/kg de peso vivo do
animal, sendo expressos em porcentagem. J& 0s microminerais, como: zinco, iodo, ferro,
cobalto, cobre, selénio e manganés apresentam necessidades inferiores pelo organismo animal
e sao mais dificeis de serem avaliados através de analise devido as suas baixas concentracoes
nos tecidos.

A maioria dos macro e microminerais e as suas funcdes bioldgicas comecaram a ser
estudadas nas primeiras décadas do século XX. Os primeiros estudos sobre fontes de minerais
para racdes datam da década de 50, em que se iniciou a suplementacdo mineral para resolver
problemas &sseos e de desempenho das aves. A importancia da suplementacdo mineral
aumentou nos ultimos anos devido, principalmente, ao melhoramento genético, a alta
producdo de ovos e a intensificacdo do sistema de producéo avicola (BERTECHINI, 2006).
Com isso, a suplementacdo mineral tornou-se uma pratica necessaria para atender as
exigéncias das aves, garantindo seu desenvolvimento e melhorando a produtividade
(ARAUJO et al., 2008; NYS et al., 2003).

Outro fator que contribui para a utilizacdo da suplementacdo mineral é o fato de que as
principais matérias-primas utilizadas na fabricacdo das dietas (milho e farelo de soja) nédo
atendem as exigéncias dos animais. O conteudo mineral destas matérias-primas também ¢é
variavel por ser dependente de fatores como solo, clima, espécie explorada e sua maturidade
(ARAUJO et al., 2008).

Os minerais estdo presentes em inimeros processos bioquimicos, sua funcéo principal
e de agir como catalizadores nos sistemas enzimaticos e hormonais. S8o0 essenciais ao
crescimento, desenvolvimento, reproducdo, produgdo, formagdo Ossea, empenamento e

apetite. Também estdo presentes nos Grgaos, tecidos do corpo e sdo constituintes de fluidos na
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forma de eletrolitos. Boa parte dos microminerais encontra-se envolvida de forma direta ou
indireta nessas fungdes (MACARI e LUQUETTI, 2002).

No que diz respeito a dieta, deve-se considerar a importancia dos minerais,
principalmente aqueles necessarios para a producdo espermatica e desenvolvimento testicular,
em especial a importancia dos microminerais como cobre, cromo, manganés, iodo, selénio,
zinco e ferro, cuja suplementacdo leva ao aumento do volume do ejaculado e redugdo dos
efeitos estressantes aos quais 0s animais sdo submetidos (MAHAN et al., 2002). Além disso,
varios estudos demonstram que uma séria deficiéncia de um mineral provoca mas formacoes e
mortalidade embrionaria (MACARI e MENDES, 2005).

As fontes minerais utilizadas nas racfes de poedeiras sdo oriundas de compostos
inorgéanicos ou organicos. Estes compostos sdo, comumente, utilizados na sua forma natural
ou atraves de misturas minerais (premix), a fim de suplementar os minerais deficientes nos
ingredientes. A escolha de um suplemento ou fonte de mineral a ser utilizada em uma dieta
depende, principalmente, das formas quimicas em que os elementos s&o combinados, do custo
por unidade dos elementos requeridos e da garantia de auséncia de substancias toxicas para 0s
animais (ARAUJO et al., 2008).

2.2 MINERAIS INORGANICOS

O fornecimento de microminerais em racdes para aves € normalmente feito com fontes
inorganicas (Oxidos, sulfatos, cloretos, carbonatos e fosfatos) de origem geoldgica ou
industrial. As moléculas se dissociam liberando ions metalicos, como Zn™*, Mn** e outros.
Estes minerais sdo geralmente ionizados no estbmago e absorvidos no intestino delgado, mais
especificamente no duodeno, onde o pH &cido determina a solubilidade. Apos a absorcdo, sdo
ligados as proteinas e incorporados pela membrana das células da mucosa intestinal
(ASHMEAD, 1993a). O transporte para o interior das células ocorre por um mecanismo de
difusdo passiva ou também pelo transporte ativo. Estando na forma iénica os minerais podem
se complexar com outros componentes da dieta, dificultando a absorcdo ou tornando-os
indisponiveis aos animais (ARAUJO et al., 2008). Nessas condicdes podem ocorrer perdas
pela reacdo com compostos, como coldides insollveis, ou no processo de competicdo pelos
sitios de absorcdo entre os elementos minerais, com as interagdes antagdnicas que inibem a
absorcdo (HERRICK, 1993).

A taxa de absorcdo dos minerais na forma de sais € normalmente baixa, levando a

super suplementacdo para obter niveis adequados de absorcdo. Neste sentido, uma grande
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parte do mineral é excretada no ambiente. Dois problemas podem ser referenciados neste
caso. O primeiro é que as reservas dos minerais sao finitas e podem se esgotar rapidamente,
como € o caso das fontes de Se e Zn, principalmente. O outro se refere a contaminagéo
ambiental. Os lengdis fredticos recebem grandes quantidades, principalmente dos
microminerais, tornando essas &guas subterraneas impréprias para 0 consumo humano e
animal (SAKOMURA et al., 2014).

A quantidade final de nutrientes emitidos no ambiente depende da eficiéncia de
utilizagdo de nutrientes pelos animais e da quantidade de nutrientes nas dietas. O excesso de
nutrientes nas dietas associado a em baixa taxa de aproveitamento pelo animal, provoca
poluicdo ambiental, causada pelo excesso de excrecdo (LEESON, 2003). A excrecdo de
microminerais ja é preocupante em algumas regides brasileiras, onde existe maior
concentracdo de aves e suinos, podendo ocorrer a contaminagdo potencial do solo e do lencol
freatico (BRITO, 2005).

Excrementos de aves contém niveis significativos de N, Ca, P, Cu, Mn e Zn, que
contribuem para a poluicdo ambiental, particularmente da agua fontes (PATERSON, 2002).
Segundo Ferket et al., (2002), a quantidade de nutrientes emitidos pelos animais de producéo
para 0 ambiente pode ser modulada por varias estratégias nutricionais diferentes, mas a sua
aplicacdo pratica € dependente de custos e limitacbes biologicas. Em geral, a excrecdo de
nutrientes pode ser reduzida evitando a superalimentacdo de nutrientes especificos ou usando
manipulacdes nutricionais para aumentar a utilizacdo de nutrientes no animal. A perda para o
meio ambiente pode ser evitada fabricando e manuseando a racdo de forma peletizada,
minimizando o desperdicio e melhorando o avanco / ganho. Outras estratégias para minimizar
as perdas de nutrientes incluem: 1) o desenvolvimento de programas de alimentacéo
especificos para 0 sexo e a estirpe do animal; 2) aumentar o nimero de fases de alimentacao
para melhor atender aos requisitos relacionados a idade do animal; 3) formulacdo de dietas
para incluir as quantidades minimas de nutrientes necessarias para satisfazer as metas de
producdo; 4) atender aos requisitos de aminoacidos do animal; 5) usar suplementos de
aminodcidos sintéticos para alimentar a reducdo da emissdo de N; 6) utilizar ingredientes da
racdo com alta digestibilidade e biodisponibilidade de nutrientes; e 7) formulacdo de dietas
baseadas na disponibilidade de nutrientes em vez do teor total de nutrientes. A digestibilidade
dos nutrientes dos alimentos depende das condi¢cBes de processamento, caracteristicas
genéticas dos grdos e sementes oleaginosas e da presenga de antagonistas nutricionais em
alimentos especificos utilizados na dieta. Finalmente, um fator de custo para o controle ou

descarte de nutrientes deve ser considerado na formulagdo de racdes para otimizar as vérias
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estratégias nutricionais discutidas acima. Independentemente das limitagdes bioldgicas e
economicas, reducdes significativas na emissdo de nutrientes de ndo ruminantes podem ser
alcangadas por estratégias nutricionais apropriadas (Ferket et al., 2002).

Quando os microminerais Fe, Cu, Mn, Zn, | e Se, sdoadicionados a dieta proximos as
concentragdes requeridas, as concentracfes excretadas sdo menores e ndo apresentam
preocupacdo ambiental. Alguns minerais como Cu e Zn estdo incluidos na dieta em
concentragdes bem acima das necessidades da ave por possuirem propriedades como
bacteriostaticos, bactericidas ou antifingicos, ou ambos, (Pesti e Bakalli, 1996). Os aspectos
positivos do excesso de suplementacdo de Zn e Cu ndo parece terem efeitos ambientais
diretos, mas sdo potencialmente fitotdxicos (Alva et al., 2000) e diminuem a fitase e retencao
de P (Banks et al., 2004). O risco ambiental desses metais pesados & em grande parte
dependente da capacidade do solo de adsorver e dessorver esses elementos e o potencial de
lixiviacdo ou perda de solo para a agua pela erosdo (Powers e Angel, 2008).

Nos ultimos anos, tém sido aplicados, na pratica, niveis muito altos de microminerais,
0 que vem sendo atribuido a margens de seguranca. As recomendac6es do NRC (1994) para a
maioria dos microminerais € negligenciada, tendo como desculpa o grande avango genético
das aves industriais modernas. Neste sentido, também se considera que as fontes ndo possuem
boa disponibilidade para serem utilizadas como fontes de minerais para as dietas das aves.
Existe tendéncia de reducdo dos microminerais na forma de sais e aumento do uso de fontes
organicas para incrementar as taxas de absorcdo e reducdo dos niveis de suplementacédo
dietética (SAKOMURA et al., 2014).

A escolha entre a utilizacdo de minerais organicos ou minerais na forma de sais na
nutricdo das aves respalda-se na avaliacdo econdmica. Sabe-se que os minerais quelatados
possuem maior preco de aquisicdo no mercado, resultando em maior custo com a dieta em
relacdo as fontes minerais usadas tradicionalmente. Porém, os minerais organicos se
apresentam mais biodisponiveis, o que leva a crer que a exigéncia nutricional das aves pode
ser atendida com menor quantidade de minerais na dieta, aléem de possibilitar maior producéo,

elevando, também, a receita obtida com o sistema (SOUSA et al., 2016).
2.3 MINERAIS ORGANICOS OU QUELATADOS
A maioria dos minerais organicos é classificada como complexos, quelatos ou

proteinatos. A "Association of American Feed Control Officials" — AAFCO (2000) definiu os

seguintes tipos basicos de microminerais organicos: Complexo de aminoacidos especificos de
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metal, resultante da complexagdo de um sal de metal solivel com um amino&cido especifico;
Complexo de aminoécidos metalicos, resultante da complexagdo de um sal de metal soldvel
com aminoacidos; Quelato de aminoacidos metalicos, resultante da reacdo de um ion metélico
a partir de um sal soltvel com aminoacidos em uma relacdo molar de 1 mol do metala 1 - 3
(preferencialmente 2) moles de aminoacidos, que formam ligacGes coordenadas (peso
molecular do quelato hidrolisado deve exceder 800 Daltons); Metal proteinato, resultante da
quelacdo de um sal solivel com aminoécidos e / ou proteina parcialmente solubilizada;
Mineral complexado com polissacarideo, resultante da complexacdo de um sal solivel com
uma solucdo de polissacarideos declarados como parte integrante de um complexo especifico.

Quelatos séo misturas de elementos minerais ligados a algum tipo de carreador, tais
como aminoacido, polissacarideo ou proteinas, em uma estrutura ciclica ou em anel, na qual
um atomo de metal di ou multivalente é preso através de duas ou mais ligacfes covalentes
formando um complexo coordenado (SANTOS, 1998). Um complexo de metal é composto
por um ion metalico central e os seus ligantes. O termo complexo pode ser utilizado para
descrever produtos formados pela reacdo de um ion metalico com uma molécula ou ion que
contenha um atomo que possua um unico par de elétrons. Nos complexos, os ligantes ligam-
se ao atomo metalico central por apenas um ponto, ou seja, uma Unica ligacao. O outro tipo de
mineral organico existente sdo os quelatos ou quelatos de metal, que se formam quando um
cation metalico liga-se a uma substancia que possui dois ou mais grupos doadores de elétrons,
formando uma ou mais estruturas em anel heterociclico (RUTZ e MURPHY, 2009).
Geralmente, os quelatos sdo quimicamente mais estaveis que 0s complexos nos quais 0
elemento mineral esta preso por uma Unica ligacdo quimica (SANTOS, 1998).

O mecanismo pelo qual o agente quelante melhora a utilizacdo do mineral depende da
capacidade do ligante “sequestrar” o mineral, ou a sua maior habilidade em competir com
outros ligantes no trato gastrintestinal, formando complexos solliveis com o mineral
(KIEFER, 2005).

De acordo com Richards e Dibner (2005), a vantagem dos minerais organicos €
conferir estabilidade ao complexo no trato gastrintestinal, assim, evitando a perda de mineral
para antagonistas. Os minerais organicos devem resistir a dissociacdo no inglavio,
proventriculo e moela, permitindo assim que o mineral seja oferecido ao epitélio absortivo no
intestino delgado. Sendo assim, as moléculas devem ser solubilizadas no limen intestinal,
possibilitando que os metais ionizados possam ser transportados pelas proteinas carreadoras

através da membrana celular dos enterdécitos.
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Quando um mineral é ingerido existe mais do que um mecanismo de transporte
disponivel para leva-lo do lGmen intestinal ao sangue. O sistema usado depende da forma que
o mineral assume quando se apresenta & membrana celular da mucosa. Depois da ingestdo o
sal mineral é ionizado no pH éacido do estdbmago. Em pH médio para mais alto hd numerosas
reacbes quimicas que podem precipitar o céation metalico e, portanto, interferir em sua
absorcdo. Se nenhuma delas ocorrer, o cétion livre é ligado a uma proteina transportadora
localizada nas células da mucosa e transportado por difusdo passiva ou por transporte ativo
para dentro da célula. Enquanto a assimilacdo pode ocorrer em todo intestino delgado, é no
pH relativamente baixo do duodeno, que um mineral mantém o maior grau de solubilidade e,
ao mesmo tempo, o mais alto teor de absorcdo. A melhor absorcdo dos minerais organicos €
devido a menor possibilidade de interacdes durante a digestdo. Isto ocorre porque 0s minerais
organicos sdo quimicamente inertes. Além disso, a presenca de metal na sua estrutura torna-o
resistente a acdo das peptidases, que poderiam quebrar as ligagdes internas dos peptideos,
destruindo os quelatos (SANTOS, 1998).

Em aminoacidos quelatados, o elemento mineral metalico na molécula é
quimicamente inerte devido a forma de ligacdo. Esta ligacdo € estavel, ndo sofrendo
dissociacdo das moléculas quando atingem o estdmago (SPEARS, 1996). No jejuno o
aminoacido do mineral quelatado age como agente transportador, permitindo a passagem do
mineral através da parede intestinal para a corrente sanguinea. A separacdo do aminoacido
quelante ocorre no local onde o elemento mineral metalico serd utilizado (ASHMEAD,
1993D).

As substancias capazes de exercer acdo quelatante sdo numerosas, sendo representadas
por acidos inorganicos bifasicos, acidos organicos dicarboxilicos, diaminas, aminoacidos e
peptideos, etc.(MALETTO, 1984). Do ponto de vista nutricional, apenas quelatos formados
com aminoacidos ou dipeptideos sdo interessantes. Ndo obstante, apenas quelatos com peso
molecular total abaixo de 1500 sdo capazes de penetrar a membrana intestinal sem exigir
hidrolise adicional no lume. Este aspecto € interessante, pois se estes quelatos ndo sao
hidrolisados, sdo capazes de contrabandear um mineral através do intestino, como parte de
uma molécula de dipeptideo (CRISTY, 1984).

O processo de guelatacdo envolve a ligacdo da porcdo amino livre do aminoacido com
0 elemento mineral di ou trivalente. Assim como ocorrem ligages entre as proteinas e outros
nutrientes em algumas dietas submetidas a altas temperaturas, 0os quelatos podem ser obtidos
por exposicdo de elementos minerais e aminoacidos a temperatura e vapor adequados. Outra

forma de quelatacdo possivel seria atraveés de microrganismos, mais comumente fungos e
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leveduras (SAAD, 2015). Segundo Lyons (1993) alguns microrganismos podem acumular
minerais, tornando-os mais disponiveis. Este autor cita que o selénio encontrado em algumas
leveduras se apresenta sob a forma de selénio - cisteina ou selénio - metionina, com alto grau
de biodisponibilidade. Os principais minerais quelatados séo: zinco, ferro, cobre, magnésio,
manganés, cromo, selénio e cobalto.

Ammerman et al. (1995) definiram a biodisponibilidade de um nutriente como sendo a
fracdo do nutriente ingerido que € absorvido, ficando disponivel a ser utilizados pelo
metabolismo do animal. (SANTQOS, 1998). Desta forma, fatores fisico-quimicos que reduzem
a absorcdo de minerais do lumen intestinal influenciam a biodisponibilidade mineral
(DREOSTI, 1993).

Existem muitos fatores que influenciam a biodisponibilidade dos minerais,
especialmente dos microminerais, tais como: nivel de consumo do mineral, forma quimica,
digestibilidade da dieta, tamanho da particula, interagdes com outros minerais e nutrientes,
agentes quelantes, inibidores, estado fisiolégico do animal, qualidade da &gua, condicdes de
processamento, idade e espécie animal (MILES e HENRY, 2000). Em geral, a
biodisponibilidade dos minerais na forma orgénica € dependente de trés condicGes basicas na
estrutura do composto, que sdo a forma de ligagdo com o metal, o peso molecular e a
constante de estabilidade do quelato (SANTOS, 1998).

2.4 MINERAIS ORGANICOS NA AVICULTURA

Tradicionalmente, os nutricionistas tém buscado atender as exigéncias minerais das
aves, a partir da suplementacio com as formas inorganicas (ARAUJO et al., 2008). De acordo
com Rossi et al. (2007) ha um aumento do interesse em utilizar minerais organicos, porque
muitos trabalhos tém demonstrado uma melhora significativa no ganho de peso das aves, nos
dados reprodutivos, nos indices sanitarios dos plantéis e sem duvida na reducdo dos precos,
fator este determinante para a utilizacdo de qualquer insumo na alimentacédo animal

Segundo Pappas et al. (2006) os minerais organicos, apresentam maior
biodisponibilidade quando incluidos em dietas, atendendo melhor os sistemas bioquimicos
das células do animal, melhorando a resposta imune, gerenciando o estresse oxidativo e
desenvolvimento de tecidos e 0ssos. Dessa forma, os microminerais como Zn, Mn e Se,
quando ligados a aminoacidos, permitem melhora na viabilidade e qualidade dos pintinhos.

Favero et al. (2013) observaram que ovos oriundos de matrizes alimentadas com

minerais organicos em adicdo aos minerais inorganicos ou on top apresentaram maior peso e
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espessura de casca e menores taxas de mortalidade embrionaria em relacdo aqueles de
matrizes alimentadas apenas com minerais inorganicos. Também, Stefanello et al (2014)
observaram melhores caracteristicas estruturais e de qualidade de casca em ovos de poedeiras
quando adicionado microminerais na forma organica na dieta.

Xavier et al. (2004) observaram melhorias nos indices de desempenho de poedeiras
semi-pesadas no segundo ciclo de producéo, e concluiram que existem beneficios na inclusdo
de selénio, zinco e manganés sob a forma de complexo organico nesta fase. Entretanto,
Albugquerque (2004) avaliou o efeito da suplementacdo dietética de fontes organicas de zinco,
cobre, manganés, selénio, ferro e iodo, concluindo que a suplementacdo desses
microminerais, na forma isolada ou combinada, ndo afetaram o desempenho de poedeiras no
primeiro ciclo produtivo. Testando aves em segundo ciclo de producdo, Scatolini (2007)
também nédo observou influéncia da suplementacdo de manganés, zinco, selénio, cobre e ferro,
comparando formas inorganicas e organicas de cada mineral testados individualmente e/ou

associados, sobre o peso dos ovos, percentagem de postura e consumo de racao.

2.4.1 Selénio (Se)

O selénio tem grande importancia em diversas fungdes vitais no organismo, tendo
participacdo na sintese de prostaglandinas e no metabolismo de &cidos graxos essenciais,
ativacdo dos hormoénios tireoideanos e, como destaque, tem papel essencial na obtencdo de
uma resposta imune adequada, € um importante agente oxidante, agindo através da
neutralizacdo dos radicais livres (SAAD, 2009). O selénio interage com a vitamina E na
célula, sendo que esta atua como antioxidante, mantendo a integridade das membranas
celulares, enquanto o Se atua como componente da glutationa peroxidase, destruindo
peréxidos a nivel citoplasmatico, recuperando as membranas das células e capilares.
(MACARI E MENDES, 2005).

O Se é encontrado no ambiente em duas formas quimicas: organica e inorganica. A
inorganica é encontrada na forma de selenito, selenato, seleneto e na forma metalica, sendo
potencialmente tdxico quando utilizado de forma inadequada (SURAI, 2000). A substituicao
do selenito de sodio da dieta por Se organico (na forma predominante de selenometionina)
aumenta tanto a absor¢do de Se quanto sua atividade biologica, maximizando os beneficios
dos baixos niveis de inclusdo permitidos na dieta. O selenito de sddio é absorvido como 0s
outros minerais, de maneira passiva, sendo que a absor¢do é mais eficiente no ileo. A

seleniometionina é absorvida como aminoacido, entrando nos enterécitos por transporte ativo,
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em um processo similar ao que ocorre com a metionina, em todos 0s seguimentos do intestino
delgado. O Se absorvido na forma inorgéanica serd pouco retido nos tecidos, e grande parte
serd excretada na urina. J& na forma orgénica (seleniometionina) pode ser armazenado no
organismo, ocupando o lugar da metionina na sintese proteica, ficando armazenada nos
musculos e outros tecidos (SURAI, 2002).

A suplementacdo do Se usando microrganismos recebeu muita atencdo no inicio dos
anos 2000. O produto obtido pelo enriquecimento da levedura (Sacharomyces cerevisiae) com
selénio (Levedura selenizada) vem ganhando notoriedade entre as industrias do setor de
producdo animal. Sabe-se que 0s microrganismos, especialmente as leveduras, em certas
condicdes, ao produzir uma biomassa, acumulam Se na forma organica, principalmente, a
selenometionina, que é a melhor forma de fonte de selénio para os organismos. O selénio
orgénico de origem na levedura é a forma mais econdmica de se produzir essa forma deste
nutriente (MELO et al., 2015).

El-Mallah et al., (2011) concluiram que a suplementacdo de Se levedura (0; 0,25 e
0,50%) melhora os resultados do desempenho, qualidade do ovo e alguns parametros
sanguineos em poedeiras Hi- sex Brown. Pan et al. (2010) trabalhando com poedeiras
comerciais de ovos marrons, observaram que a adicdo de selenometionina (0; 0,1; 0,2 e
0,3ppm Se) melhorou o peso da ave, conversdo alimentar, producdo de ovos, peso do ovo,
coloracdo da gema e consisténcia do albumen (Unidade Haugh).

O desenvolvimento do embrido até a eclosdo é considerado um periodo on k  de
ocorre estresse oxidativo. Portanto, uma melhora nas defesas antioxidantes durante o
desenvolvimento embrionario pode ser vista a partir do uso de Se da dieta da matriz, o qual
pode ser transferido para o dvulo e conseglientemente ao embrido em desenvolvimento
garantindo um aumento na eclodibilidade. Ainda, a substituicdo de selenito de sddio na dieta
de aves por Se organico, pode ajudar a atender o requisito de Se e aumentar a fertilidade e
eclodibilidade (Surai, 2006).

Xavier et al. (2004) observaram melhora na qualidade dos ovos de poedeiras semi
pesadas no segundo ciclo de producdo e concluiram que existem beneficios na inclusdo de
selénio, zinco e manganés sob a forma de complexo orgéanico nesta fase. Correia et al. (2000),
avaliaram a suplementacdo de selénio organico na alimentacdo de poedeiras e ndo observaram
diferencas significativas para unidades Haugh, percentagens de gema e albimen e altura do
albumen. Edens (2002) demonstrou que o uso de niveis elevados de Se organico em dietas de

galos melhorou a qualidade do esperma quando comparado a dietas contendo Se inorganico.
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2.4.2 Ferro (Fe)

O Fe presente no organismo animal se encontra na forma de hemoglobina (57%), com
a funcédo de transportar o oxigénio até as células e regular a respiracdo celular. Também pode
ser encontrado ligado as proteinas (apo-ferritina) ou associado a enzimas envolvidas na
oxidacdo celular, além de estar presente na mioglobina (7%), necessaria para o funcionamento
dos musculos. A caréncia de ferro faz com que as novas hemécias produzidas apresentem
menor concentracdo de hemoglobina com gradativa diminuicdo no tamanho e menor
formacdo de eritrécitos (MAIORKA E MACARI, 2002).

Segundo Underwood (1999), a absorcdo de ferro nos monogastricos é afetada pela
idade, status de ferro no organismo, condi¢fes do trato intestinal (sitios de absorcao),
quantidade e forma quimica do ferro ingerido e quantidade e propor¢do de outros minerais e
compostos na dieta, os quais podem interagir com o ferro. Os metais divalentes que afetam a
absorcédo de ferro na dieta sdo o cobre, manganés, cobalto, cadmio, os quais podem competir
pelo sitio de absor¢éo do ferro.

Galinhas poedeiras possuem uma maior necessidade de Fe na dieta, pois cada ovo
possui cerca de 1,5mg de Fe, o que representa 25% das reservas disponiveis no figado (CAO,
1996). Paik (2001) observou incremento na quantidade de Fe na gema do ovo de aves que
receberam complexo de Fe-Metionina quando comparadas com as que receberam Fe na forma
inorganica. Skrivan et al. (2005) utilizaram suplemento mineral inorganico com Zn, Fe e Cu
isolados e/ou associados na dieta de poedeiras e observaram que a suplementacdo da dieta

basal com Fe aumentou 6,3 % a concentracéo de Fe na gema.

2.4.3 Cobre (Cu)

O cobre é um elemento essencial para a reproducdo, o crescimento, o desenvolvimento
do tecido conjuntivo e a pigmentacdo da pele. E um componente de proteinas sanguineas
como a eritrocupreina, encontrada nos eritrocitos, exercendo funcdo em muitos sistemas
enzimaticos e, também, é essencial para a formacdo dos 0ssos, sendo ativador da lisil oxidase,
enzima que participa da biossintese de colageno. O Cu somente € superado pelo zinco no
namero de enzimas ativadas (LEESON E SUMMERS, 2001; SUTTLE, 2010).

O cobre possui como principal funcdo metabdlica a hematopoiese. Compd@e diversas

enzimas com funcGes oxidativas e atua favorecendo a absorcdo intestinal de ferro, bem como,
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a mobilizacdo do mesmo dos tecidos para o plasma, estimulando assim, a sintese de
hemoglobina (NYS et al., 2003).

Nys et al. (2003) enfatizaram que o cobre também participa da mineralizacdo dos
0ssos e sua principal funcéo é a defesa do organismo contra o estresse oxidativo. A caréncia
de cobre determina a producdo de ovos com ma formacao da casca e maior incidéncia de ovos
sem casca, embora as causas ainda ndo sejam conhecidas (GUO et al., 2001). Dietas com
deficiéncia deste mineral sdo responsaveis por o0ssos frageis e cartilagens espessas, assim
como, ovos com cascas frageis pela ma formacdo da membrana da casca (LEESON E
SUMMERS, 2001).

Mabe et al. (2003) suplementaram dieta a base de milho e farelo de soja com minerais
(Zn, Mn e Cu) na forma inorganica e organica e observaram que, independente da fonte, a
suplementacédo de 60, 60 e 10 mg/kg de zinco, manganés e cobre, respectivamente, comparada
com o tratamento sem suplementacéo, aumentou a concentracdo de Mn e Zn na gema do ovo,
ndo havendo diferenga na concentracdo de cobre. Ainda, a suplementacdo dos minerais, tanto
na forma inorgénica ou organica, apresentou melhora na resisténcia das cascas dos ovos.

Aghaei et al (2010) observaram uma correlacdo positiva entre as concentracdes de

cobre e zinco do plasma seminal e percentual de motilidade progressiva dos espermatozoides.

2.4.4 Zinco (Zn)

O zinco apresenta funcdes importantes no organismo de poedeiras como a fixacao do
calcio sob a forma de carbonato de célcio nos 0ssos e ovos, e a ativacdo de sistemas
enzimaticos (PARK et al., 2004). Como constituinte de metaloenzimas, desempenha fungédo
importante na qualidade da casca, pois estd diretamente relacionado com a atividade da
enzima anidrase carbdnica que controla a transferéncia de ions bicarbonato do sangue para a
glandula da casca (MABE et al., 2003), sendo essencial para a formacéo da casca do ovo.

Lundeen (2001) observou melhora da qualidade da casca com dietas suplementadas
com Mn e Zn quelatados, comparadas com dietas suplementadas com a forma inorganica.
Paik (2001) avaliou fontes de zinco, cobre e manganés organico em poedeiras e observou que
a gravidade especifica e percentagem de casca foram maiores nos tratamentos que receberam
minerais organicos e que a associa¢do de zinco e manganés organico melhorou a resisténcia
da casca. Segundo o autor, houve influéncia do zinco na sintese da enzima anidrase carbénica.

Baixos niveis de zinco sdo necessarios para a matriz obter uma eclodibilidade normal.

Porém, uma deficiéncia de zinco resulta em redugdo da eclodibilidade, aumento da
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mortalidade embrionaria e mau desenvolvimento 6sseo e de penas. Ainda, a suplementacao de
zinco melhora a imunidade da progénie (MACARI E MENDES, 2005).

Sahin e Tasdemir (2017) avaliaram os efeitos da adicdo de Zn na forma orgéanica e
inorganica (60 mg/kg) em dietas de poedeira Barred Rock cruzadas com machos Red Rhode
Island e ndo encontraram diferenga significativa no numero de ovos férteis, eclosdo,
eclodibilidade dos ovos e mortalidade embrionaria. Peso e qualidade de pintinhos de grupos
alimentados com Zn orgéanico foram maiores em comparagdo outros grupos de inorganicos
(Zn0O, ZnSOy).

2.4.5 Manganés (Mn)

O manganés faz parte da molécula de mucopolissacarideos, que é um dos
componentes da matriz organica da casca. Uma deficiéncia de Mn compromete a formacgéo da
camada mamilar da casca e produz casca com maior incidéncia de areas translicidas
(MACARI E MENDES, 2005). Além disso, 0 Mn & essencial para o desenvolvimento normal
dos ossos, manutencdo do funcionamento do processo reprodutivo em machos e fémeas e
responsavel pela ativacdo de varias enzimas (UNDERWOOD, 1981). Segundo Bansal e
Bilaspuri (2008) o Mn age como antioxidante nos espermatozdides, reduzindo o estresse
oxidativo melhorando a motilidade e a viabilidade do espermatozoide in vitro.

De acordo com Leeson e Summers (2001), a absor¢do de Mn no trato intestinal é
muito baixa e sua biodisponibilidade nos principais alimentos também é baixa. No organismo
das aves, 0 0sso € a fonte mais rica em Mn, com cerca de 3 a 4ug/g de Mn no tecido, seguido
do figado com 2ug/g de Mn. Além da eficiéncia de absor¢do do Mn ser baixa, outros minerais
como calcio, fosforo e ferro podem reduzir a sua solubilidade e inibir a sua absorcao.

Scatolini (2007) avaliou suplemento mineral dietético composto por manganés, zinco,
selénio, ferro e cobre nas formas inorganicas e organicas, e manganés, zinco e selénio testados
individualmente e/ou associados entre si, em ovos armazenados por dias em temperatura
ambiente. O autor observou efeito dos minerais organicos na dieta das aves, na média do
periodo experimental, sobre a manutencdo do peso de ovos, sendo que ovos do tratamento
com associa¢do de manganés/zinco organicos perderam menos peso que ovos do tratamento
com zinco/selénio organicos, ndo diferindo dos demais. Em relagdo as unidades Haugh, os
ovos das aves alimentadas com manganés organico expressaram o pior resultado, diferindo
apenas dos ovos das aves que receberam a associa¢do de manganés/selénio organicos na dieta.

Né&o foi observada diferenca para indice gema.
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2.4.6 Caélcio (Ca)

Entre os nutrientes mais importantes para as aves, 0 célcio € o mineral mais ativo,
sendo indispensavel para uma série de funcBes metabdlicas, principalmente no
desenvolvimento da ave. De acordo com Goff (2006), o célcio extracelular é essencial para a
formacdo dos tecidos esqueléticos, transmissdo de impulsos nervosos, coagulagdo sanguinea,
além de ser componente da casca do ovo. J& o calcio intracelular estd envolvido em uma
ampla gama de enzimas e funciona como importante segundo mensageiro, transportando
informacdo da superficie da célula para o seu interior. O célcio é responsavel por 56% do
plasma seminal e da atividade motora que estimula os espermatozOides das aves
(Lertchunhakiat et al, 2016).

Quando a ingestdo é suficiente ou excessiva, 0 célcio é rapidamente depositado nos
0ssos. Porém, quando em concentracdo insuficiente, o calcio dos ossos é mobilizado,
aumentando sua concentracdo sanguinea (SIMOES, 2005). Esse mecanismo fisiologico é,
particularmente, importante para as aves em postura devido a elevada exigéncia em calcio
para formacao da casca durante toda a vida produtiva (MAZZUCO, 2006). Baixos niveis de
calcio podem interromper a producdo de ovos sendo um componente essencial para formacéo
da casca do ovo (BELL E WEAVER JR., 2002).

Os niveis de Ca na dieta de matrizes afetam o desenvolvimento embrionario,
principalmente por meio da qualidade da casca, que resulta em um aumento na mortalidade
durante na primeira semana, aumento de contaminacdo, mau desenvolvimento 6sseo e
aumento da mortalidade no final do periodo de incubacdo (MACARI E MENDES, 2005).

Dietas com altos niveis de Ca sdo necessarias para aves em fase de producdo de ovos.
Plantéis de machos que recebem a mesma dieta da fémea podem ser prejudicados pois altos
niveis de calcio, fornecidos no periodo reprodutivo, podem desencadear problemas renais
(VALLE, 1999), bem como podem impedir a absorcdo de alguns minerais, como manganés,
zinco e magnésio, afetando dessa forma o desempenho dos galos (WALDROUP, 1996).

Contudo, Rutz et al. (1999) analisando o desempenho reprodutivo de galos Leghorn
submetidos a diferentes niveis de Ca dietético concluiram que o desempenho reprodutivo dos
galos Leghorn néo é afetado pelo nivel até 3,5% de Ca, valor normalmente utilizado para as

fémeas.

2.4.7 Célcio de alga
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Na alimentagdo animal sdo utilizadas diversas fontes de célcio, sendo uma delas o
calcio proveniente das algas marinhas calcéreas. Sabe-se que as algas calcéareas retém indices
de elementos minerais do meio marinho, além de apreciavel quantidade de substancias
nutritivas. O Lithothamnium calcareum pertence ao grupo das algas vermelhas ou rodoficeas,
da familia das Coralineacea, € uma alga de aspecto calcario, pois absorve o carbonato de
calcio e magnésio (MELO e MOURA, 2009).

As coraliniceas sdo por natureza, vegetais fotossintéticos e precisam da luz para sua
sobrevivéncia e desenvolvimento. Esta necessidade tem duas conseqiiéncias essenciais:
somente podem permanecer vivas, na superficie do fundo marinho e na crosta mais externa. A
pelicula viva, superficial, da crosta algalica, é reconhecida pela cor rosa avermelhada dos
talos. A parte interna morre e perde a coloracdo. Outra conseqiiéncia desta necessidade de luz
se traduz pela faixa batimétrica de ocorréncia dos fundos de maerl (nome dado na Bretanha,
para um sedimento marinho constituido por algas vermelhas calcarias), relacionados com a
transparéncia das aguas. Isto resulta que os bancos de maerl naturais sé apresentam o0 mesmo
aspecto nas condicOes ideais de seu ambiente.

A renovacdo das algas marinhas Lithothamnium é permanente, contanto que haja
incidéncia de luz natural, se tornando uma fonte de macro e microminerais renovavel. O
produto pode ser aplicado no estado natural ou apds secagem e moagem. As principais
caracteristicas que potencializam a atuacdo deste produto sdo atribuidas a maior
disponibilidade dos micronutrientes que se encontram adsorvidas nas paredes celulares, sendo
assim facilmente assimilaveis pelas plantas e animais e a elevada porosidade das algas
(>40%) que propicia maior superficie especifica de atuacdo (MELO e MOURA, 2009).

As formas livres como os rodolitos, nddulos e seus fragmentos sdo viaveis para
exploracdo comercial, sendo depoésitos sedimentares ndo consolidados que podem ser
retirados por dragagem. O crescimento lento das algas calcarias inviabiliza seu cultivo, sendo
necessario manter bancos intactos dessas algas para a preservacao da espécie (DIAS, 2000).

O calcério produzido pela extracdo da alga Lithothamnium é muitas vezes denominado
como calcario biogénico ou biodentritico marinho e pode ser usado na correcdo e fertilizacdo
do solo e nutricdo animal e humana. A formacdo do calcario biogénico ocorre pela
precipitacdo da calcite que é consequéncia das atividades dos seres vivos. 1sso pode acontecer
com a reducédo da tensdo de CO. em razdo da atividade fotossintéetica de algas marinhas e do
fitoplancton, fator que cria condi¢cdo para que ocorra a precipitacdo da calcite (GOETZ,
2008).
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De modo geral, no Brasil, as ocorréncias mais continuas encontram-se numa regiao
compreendida entre a plataforma média e a externa, muitas vezes em profundidades maiores
que 50 m, impedindo a explotacdo por métodos tradicionais de dragagem que atingem
geralmente a profundidade méaxima de 30 m. A plataforma continental brasileira representa, a
nivel global, a maior extensdo coberta por sedimentos carbonaticos. Estes depdsitos, no
entanto, ainda ndo foram explotados industrialmente. A Franca apesar da pequena extenséo
relativa de sua plataforma continental é o principal produtor de granulados litoclasticos e
bioclasticos marinhos (DIAS, 2000).

A exploracdo durante muito tempo se fez de forma artesanal, sem produzir maiores
impactos ao ambiente, porém nos ultimos trinta anos na Bretanha houve uma exploragdo
industrial intensiva dos fundos de algas. Isto produziu, em amplas areas, o desaparecimento
da parte viva, superficial, dos bancos. Sua hipotética recuperacdo so poderia ser feita muito
lentamente (varios milénios) a partir dos residuos vivos que restaram. O lento crescimento das
algas calcarias ndo permite que seja feita sua cultura, nem mesmo a tentativa de se fazer o
repovoamento em longo prazo. E entdo muito importante que sejam preservados bancos ainda
intactos destas algas (DIAS, 2000).

Nos paises europeus, Franca, Irlanda e Inglaterra, assim como no Japao, sua utilizagéo
na alimentacdo animal vem sendo praticada ha mais de 200 anos como suplemento mineral.
No Brasil, a utilizacdo da Lithothamnium se restringia somente a agricultura, € nos ultimos
anos vem sendo utilizada como suplemento em racdes para animais, despertando o interesse
de pesquisas em instituicoes publicas e privadas (MELO; MOURA, 2009).

Pelicia et al. (2007) avaliaram a suplementacdo de calcio marinho Lithothamnium na
dieta de poedeiras e concluiram que é possivel a inclusdo de calcio marinho na dieta de
poedeiras em até 45% de substituicdo do calcario calcitico, sem que ocorram prejuizos ao
desempenho e a qualidade dos ovos.

Carlos et al. (2011) avaliaram uso da alga Lithothamnium calcareum como fonte
alternativa de célcio (calcario calcitico) nas racGes de frangos de corte e concluiram que a
utilizacdo da alga Lithothamnium calcareum (independente da forma de colheita) pode ser

recomendada para as racdes de frangos de corte, sem prejudicar o desempenho zootécnico.
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3 HIPOTESES E OBJETIVOS

3.1 HIPOTESES

A adicdo de microminerais organicos a uma dieta basal formulada com microminerais
inorganicos para matrizes de poedeiras poderd melhorar os pardmetros zootécnicos em
machos e fémeas.

A adicdo de microminerais organicos a uma dieta basal formulada com microminerais
inorganicos poderd melhorar a qualidade de ovos e os indices de incubacdo, em matrizes de
poedeiras.

A adicdo de microminerais organicos a uma dieta basal formulada com microminerais
inorganicos podera melhorar a qualidade espermatica de reprodutores avicolas.

A adicdo de calcio e microminerais organicos a uma dieta basal formulada com
microminerais inorganicos para matrizes de poedeiras poderdo melhorar os parametros
zootecnicos em machos e fémeas.

A adicdo de calcio e microminerais organicos a uma dieta basal formulada com
microminerais inorganicos poderdo melhorar a qualidade de ovos e os indices de incubacdo,
em matrizes de poedeiras.

A adicdo de calcio e microminerais organicos a uma dieta basal formulada com
microminerais inorganicos poderdo melhorar a qualidade espermética de reprodutores

avicolas.

3.2 OBJETIVOS
3.2.1 Obijetivo Geral

Avaliar o efeito da adicdo de microminerais organicos, calcio quelatado ou célcio de
alga (Lithothamnium calcareum) sobre caracteristicas de desempenho e reprodutivas, como

qualidade e incubacdo de ovos e qualidade espermatica de matrizes de poedeiras.

3.2.2 Obijetivos especificos
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- Avaliar os efeitos da adigdo de microminerais organicos a uma dieta basal formulada
com microminerais inorganicos sobre o desempenho de matrizes de poedeiras, qualidade e
incubacdo de ovos e qualidade espermatica de machos e fémeas (Capitulo I1).

- Avaliar os efeitos da adicdo de dois niveis de microminerais organicos e dois tipos de
calcio organico sobre o desempenho de fémeas e machos avicolas, qualidade e incubacdo de

ovos e qualidade espermatica (Capitulo 111).
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4. CAPITULO I

SUPPLEMENTATION OF ORGANIC AND INORGANIC MINERALS ON THE
PERFORMANCE, EGG AND SPERM QUALITY AND, HATCHING
CHARACTERISTICS OF LAYING BREEDER HENS

Este capitulo é apresentado de acordo com as normas para publicacdo no Periédico

Animal Feed Science and Technology.
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ABSTRACT

This experiment was carried out to evaluate the effects of diet supplemented with organic
micro minerals on performance, egg quality, sperm quality and hatching characteristics of
laying breeder hens. A total of 144 White Plymouth Rock females and 36 Red Rhodes Island
males at 36 to 55 weeks of age were used. The experimental design was completely
randomized. Hens were distributed in 8 replicates with 6 females each and to males 12
replicates with 1 male per treatment. Birds were fed a basal diet (BD) containing only
inorganic micro minerals (10mg Cu, 60mg Fe, 70mg Mn, 75mg Zn and 0.3 mg Se per kg of
diet); a BD+500g/ton of a organic micro minerals (OMM) product (2.5 mg Cu, 17.5mg Fe,
20mg Mn, 27.5mg Zn and 0.080mg Se per kg of diet) and BD+800g/ton of OMM (4mg Cu,
28mg Fe, 32mg Mn, 44mg Zn and 0.128mg Se per kg of ration). Hens were artificially
inseminated once a At 43, 44, 45 and 49 wks, egg production was higher in treatment
BD+800gOMM than BD (p<0.05). The body weight, feed intake and feed conversion of
females and the parameters of eggs quality were not affected by different diets (p>0.05). Only
the yolk index was higher in eggs from hens fed with BD than BD+800gOMM (p=0.0092).
The sperm vigor in males fed with BD+800gOMM diet was higher than the BD diet
(p=0.0262). The others parameters evaluated on sperm quality were not affected by diets.
Fertility was higher in eggs from hens fed BD+500gOMM compared to BD diet (p=0.0247).
In conclusion, the addition of organic minerals (800g/ton) in the diet resulted positive effects
with increased egg production by laying hens in addition, the vigor of spermatozoa and the
fertility (500g/ton) of eggs were increased.

Keywords: breeder, egg production, hatching, trace mineral, spermatozoa.
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1. Introduction

Improving poultry production through nutrition should be obtained from the maximum
performance achieved poultry males and females. The efficacy of the use of micro elements is
an important issue in modern poultry nutrition because the micro minerals are essential for
normal growth and many metabolic processes in living organisms, as they are catalysts or
constituents of the enzymatic systems in most of body cells (Swiatkiewicz et al., 2014). The
micro minerals are essential in poultry and have been resulted to the biochemical processes
required for the maintenance of normal growth and development, including bone and eggshell
formation, egg structure and development of the avian embryo (Richards, 1997) and semen
quality (Barber et al., 2005).

Most mineral sources used in diets for breeder hens are derived from inorganic
compounds such as oxides, sulfates, carbonates, and phosphates. Organic micro mineral
sources may be an alternative to inorganic sources. Organic trace minerals do not dissociation
in the acidic gastric pH, remaining electrically neutral and protected from chemical reactions
with other molecules in the intestinal lumen, which optimizes their absorption and increases
their bioavailability relative to inorganic sources (Swigtkiewicz et al., 2014). Chelated or
complexed minerals have non-metallic ligands, and therefore organic (Vieira, 2008), they are
compounds containing a central metal atom (acceptor of electrons) together with ligands
(proteins, amino acids, carbohydrates, or lipids) which contain at least one ligand atom (O, N
or S) with a free electron pair (Swinkels et al., 1994).

The most commonly used organic minerals include zinc, manganese, selenium, copper

and iron. Zinc is a component of the carbonic anhydrase enzyme, which is crucial for
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supplying the carbonate ions during eggshell formation (Robinson and King, 1963). A zinc
deficiency in the breeder diet results in decreased hatchability, increased embryonic mortality
(Kienholz et al., 1961) and sperm egg penetration (Amen and Al-Daraji, 2011). Manganese is
the metal activator of enzymes that are involved in the synthesis of mucopolysaccharides and
glycoproteins that contribute to the formation of the organic matrix of the shell. Copper plays
the role of cofactor of the lysyl-oxydase enzyme that is important in the formation of collagen
cross links present in the egg shell membrane (Leeson and Summers, 2001). lron is a
constituent of hemoglobin and myoglobin involved in oxidation, reduction and transport of
electrons, indispensable to the vital processes of the organism (Andrews, 2002). Selenium
acts in the antioxidant system being a component of selenoproteins and acts indirectly or
directly avoiding oxidative stress (Moreira et al., 2001). Selenium has been related to be one
of the most important elements in reproduction. A diet deficient in selenium may decrease
sperm count, decrease motility and fertilization capacity (Surai, 2000).

Micro minerals such as Zinc (Zn), Copper (Cu), Iron (Fe), Manganese (Mn), and
Selenium (Se) have a function either as catalytic or structural cofactors in metal-containing
enzymes and proteins that are contained in the cells of the embryo and its extraembryonic
membranes. These enzymes and proteins are located in the cells of the embryo and its
extraembryonic membranes. It is crucial to the survival of the embryo that the requisite
amount of each essential micro mineral must be available at the appropriate time during its
growth and development within the egg (Richards, 1997).

The objective of this study was to evaluate the effect of supplementation of chelated
amino acids (copper, iron, manganese and zinc) and a proteinate metal (selenium) in diets of
laying hens, males and females, formulated with inorganic minerals on the performance, egg

quality, incubation parameters and sperm quality.
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2. Material and methods

The present study was carried out in the Poultry Science Laboratory-LAVIC at the
Federal University of Santa Maria (UFSM). All procedures used in this study were previously
submitted and approved by the Ethics Committee of UFSM. In a total of 144 White Plymouth
Rock laying breeder hens and 36 Red Rhodes Island breeders at 36 to 55 weeks of age were
used. Hens and males were distributed to individual cages 0.33x0.45x0.40m and
0.33x0.60x0.60m, respectively. Hens were standardized by weight and egg production before
starting the experiment. Males were standardized by body weight and phenotypic
characteristics. During the experimental period the hens were artificially inseminated once a
week (0.05mL semen) (Rosa et al., 1995). The semen was collected from Red Rhodes Island
males fed to the same diet as females. Mash feeds and water were supplied ad libitum. Birds
were fed with diet every day around 8 a.m.. The hens received was a 16L:8D cycle lighting

daily from 36 to 55 wks.

2.1. Treatments

The experimental design was completely randomized with 3 treatments, having 6 hens
and 8 replicates and 1 male and 12 replicates each. The sources of organic micro minerals
(OMM) were: Cu, Fe, Mg and Zn chelated to amino acid and, a metal proteinate in the form
of selenium (Se) yeast. Breeder hens were fed maize-soybean meal of basal diet up to 35 wk
of age. At 36 weeks, hens and males were distributed to 3 experimental diets: a basal diet
(BD) was containing only inorganic mineral sources (10mg Cu, 60mg Fe, 70mg Mn, 75mg

Zn and 0.3mg Se per kg of diet), as described in Table 1. A diet BD where 5009 of organic
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mineral per ton of diet (BD+500gOMM) were added (2.5 mg Cu, 17.5mg Fe, 20mg Mn,
27.5mg Zn and 0.08mg Se by kg of diet), and a diet BD where 800g of organic mineral per
ton of diet (BD+800gOMM) were added (4mg Cu, 28mg Fe, 32mg Mn, 44mg Zn and
0.128mg Se by kg of diet). The basal diet, composed of all ingredient and inorganic minerals,
was mixed in a horizontal mixer and then the experimental diets were obtained in another
horizontal mixer, with the addition of the appropriate amounts of the organic minerals in
different amounts. For each diet beat, the mixers were cleaned to prevent errors in the

amounts of ingredients.

2.2. Experimental design and statistical analysis

The experimental design was completely randomized, with three treatments. To hens
were used 8 replicates with 6 hens each and to breeders 12 replicates with 1 male each. All the
data were subject to analysis of variance. When it was observed significant differences at 5%
in the variance average it was applied Tukey test for comparison among treatments. Statistical

procedures were performed by using the SAS software (2016).

2.3. Hens performance and eggs quality

Eggs were collected and recorded 4 times per day. The egg production by hen housed
was calculated weekly. Daily feed intake (g/hen per d), feed conversion (kg of feed/dozen
eggs and kg of feed/kg of eggs) and body weight (BW) was calculated at 28-d intervals.

Egg weight, yolk weight, aloumen weight, eggshell weight and specify gravity were
determinates weekly, totalizing 20 analyzes in the total experimental period. In total, 24

eggs/treatment (8 replicates of 3 eggs each one) were used to realize these analyses. Egg
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weight, yolk weight and aloumen weight were determinate through a precision scale (0.001g).
Intact eggs identified were submitted to specific gravity assessment using the method of egg
immersion in saline solution. Seven solutions, with densities between 1.070 and 1.100g/cm?,
with graded variation of 0.05 between each solution, were prepared. Specific gravities were
determined using a densitometer and using Archimede’s principle as described by Peebles and
McDaniel (2004). Subsequent to the completion of the specific weight test, a sample of 3 eggs
per experimental unit was used for the determination of the aloumen height. Measurements in
millimeters (mm) were related to the weight of the egg, thereby determining the Haugh unit:
100* log (H — 1.7 W%% + 7.6), H = where alobumen height (mm) and W = egg weight (g).
Yolk quality was assessed by measuring yolk height (YH) and yolk width (YW), and yolk
index (Y1), was calculated as the ration between those parameters as YI = YH/YW. The 3
yolks and the 3 albumin samples were mixed separately to measure the pH using a digital
bench top pH meter.

The same eggs used to realize the previous analisys were used to mensure the shell
thickness and eggshell breaking strength. However, shell this analisys were determinate every
28 days (once time by period, totaling 5 analyzes in the total experimental period). The
eggshell was weighed after being dried in ambient temperature by 72 hours (Rodriguez-
Navarro et al., 2002). The eggshells of three eggs per experimental unit were used to measure
the shell thickness with the Electronic Outside Micrometer 0.001mm at three equatorial points
on each egg (Lin et al., 2004). The strength was obtained using a texturometer TA.XT2
Texture Analyzer with Cyln Stainless 5-mm probe (Texture Technologies Corp. and Stable

Micro Systems Ltd., Hamilton, MA).

2.4. Males performance and sperm quality
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Daily feed intake (g/male per d) and body weight (BW) were calculated every period.
Semen was collected biweekly by the dorsal-abdominal massage method, in graduated falcon
tubes kept in a water bath at 37°C. After the collection, the volume of the ejaculate was
verified and later the parameters of motility, vigor and pH. Motility (percentage of moving
spermatozoa - rectilinear and progressive) and vigor (type of motility) were determined
(Celeghini et al., 2001). For this analysis, SulL of semen were deposited on a warm slide and
observed in light microscopy, with a magnification of 200x. The pH value of the fresh semen
was measured by using test strips (MColorpHastTM; Merck Millipore, Billerica, MA, USA).
For the analysis of concentration and sperm morphology were added SulL of semen in 5ml of
formalin: citrate solution. In order to determine the spermatic concentration, the semen was
diluted in a ratio of 1: 1000, to perform later the count of the sperm cell in a hemocytometer
(Neubauer Camera) with a result expressed in number of cells per mm?® of semen according to
the technique described by Brillard e McDaniel (1985). The result was transformed to number
of cells per ml of semen. A total of 100 spermatozoa were counted under the oil immersion on
the phase contrast microscope (magnification of 1000x) and classified as either normal or
abnormal (categorized into abnormality of head, intermediate piece and tail), and the total

percent of normal or abnormal spermatozoa was calculated.

2.5. Incubation parameters

To evaluate hatchability, hatchability of fertile, fertility, embryonic mortality, pipped
eggs, quality and weight of chick, eggs were incubated every week (total 20 incubations).
Only clean and without visible abnormalities eggs were considered suitable for incubation.
All eggs daily collected were classified and separated to incubation per experimental unit.

Those eggs that were considered suitable for incubation were stored for a maximum period of
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7 days in controlled temperature room (18 — 20°C and 75 - 80% RH (relative humidity)). The
incubation was carried out in a commercial multi-stage incubator (Casp, Amparo, SP, Brazil)
at 37.5°C and 60% RH. At 18 days, the eggs were transferred to the hatcher with 36.5°C and
65% relative humidity. The hatching rate was determined in relation to the total incubated
eggs. Fertility refers to the percentage of incubated eggs that are fertile while hatchability of
fertility is the percentage of fertile eggs that hatch. Chicks were taken out of the hatcher,
weighed and classified into first and second quality chicks. Chicks were considered second
quality when they possessed bad umbilical scarring, beak abnormalities, leg weakness or
excessively wet downy feathers. To evaluate the hatching rate of fertile eggs, fertility and
embryonic mortality, the nonhatched eggs were submitted to embryo diagnostics. In this
evaluation, eggs were classified, through macroscopic visual examination as infertile or as: -
Embryonic mortality at the first 48 hours of incubation (EM1); Embryonic mortality
occurring between 3 and 7" day of incubation (EM2), Embryonic mortality occurring
between 8" and 14™ day of incubation (EM3); Embryonic mortality occurring between 15
and 21% day of incubation (EM4); and pipped eggs — those that have broke the shell but not

emerged at the time of removal of chicks from the hatcher and the embryos still alive.

3. Results

3.1. Hens performance and eggs quality

The egg production is shown in Table 2. Egg production was higher in

BD+800gOMM than BD in the weeks 43, 44, 45 and 49 (p=0.0275, p=0.0065, p=0.0112 and

p=0.0285, respectively) and in the other weeks there was a tendency to increase production of

BD 800gOMM in comparison to DB. This result can also be seen in the mean of the total
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period, where BD + 800gOMM (79.72%) presented higher egg production than BD (75.68%).
The BW and feed intake were not affected by the inclusion of organic micro minerals on diet
(p>0.05; data not shown). The feed conversion kg/kg (BD, 2.59; BD+500gOMM, 2.45 and
BD+800gOMM, 2.51) and kg/dz (BD, 1.86; BD+500gOMM, 1.74 and BD+800gOMM, 1.76)
were not affected by de different diets (p>0.05; data not shown). Egg weight (p=0.2863), yolk
weight (p=0.9634), albumen weight (p=0.1692), eggshell weight (p=0.3337), specific gravity
(p=0.3731), Haugh unit (P=0.9581), yolk’ pH (P=0.6171), albumen’ pH (p=0.6989), eggshell
thickness (p=0.5150) and shell strength (p=0.7979) were not affected by the treatments (Table
3). The yolk index increased in eggs (p=0.0092) from hens fed with BD than in eggs from

hens fed with BD+800gOMM (Table 3).

3.2. Males performance and sperm quality

The supplementation of organic minerals did not affected the BW and feed intake of
males (p>0.05; data not shown). The sperm quality of males is shown in Table 4. Volume
(p=0.1054), motility (p=0.4608), concentration (p=0.7550), total abnormal spermatozoa
(p=0.4650), abnormality of head (p=0.4650), abnormality of intermediate piece (p=0.6421)
and abnormality of tail (p=0.3174) were not affected by the organic micro mineral on the diet.
The seminal pH values (p=0.6402) ranged from 7.0 to 8.0, without differences among
treatments. No effect of organic minerals supplementation was observed for seminal pH. The

sperm vigor was higher (p=0.0262) in males fed BD+800gOMM than in males fed BD.

3.3. Incubation parameters
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Hatchability (p=0.3527), hatchability of fertile eggs (p=0.0750), total embryonic
mortality (p=0.7347) as EM1 (P=0.8002), EM2 (P=0.3548), EM3 (p=0.3548) and EM4
(p=0.5959) were not affected by organic minerals supplementation. Also, the eggs pipped
(p=0.4929), second quality chick (p=0.6450) and chick weight (p=0.2866) were not affected
by treatments. The fertility was higher (p=0.0130) on BD+500gOMM and BD+800gOMM

than BD. (Table 5).

4. Discussion

4.1. Hens parameters and eggs quality

Different supplementations of micro minerals did not result in a significant effect on
performance parameters such as BW, feed intake, feed conversion and egg weight (p>0.05).
The egg production is shown in table 2. Egg production was higher in treatment
BD+800gOMM than BD in the weeks 43, 44, 45 and 49. In the other evaluated weeks there is
a tendency for an increase in egg production when the hens' diet was supplemented with
OMM. In this way, the results of this study are consistent in parts with those obtained by
Carvalho et al. (2015) that evaluated the effect of the inclusion of organic Cu, Mg and Zn
(chelated with amino acid and partially hydrolyzed proteins) in the diet of layers and the egg
production, represented by egg mass, were not influenced by the treatments, even at the
lowest inclusion level of the organic trace mineral source. As Yenice et al. (2015) found no
difference in the effects of dietary organic (chelated) or inorganic Mn, Zn, Cu and Cr
supplementation on the performance (body weight, feed intake, feed conversion, egg weight,

and egg production) of laying breeder hens. Based on the results of this study and the authors
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mentioned above, the use of micro minerals can be used in the diet of hens without affecting
performance parameters.

The use of organic micro mineral in animal diets has been increasing because they
appear to have greater bioavailability compared with inorganic micro mineral (Cao et al.,
2002). The increased bioavailability of organic minerals might be due to the action of some
components in absorption process. Another function of the organic minerals is the formation
of stable complexes, which decrease the possibility of forming precipitated salts with
compounds, such as phytic acid or insoluble fiber. Thereby, organic micro minerals have
become more available due to its greater solubility, and absorption is facilitated by the organic
binder components (Kirchgessner and Grassmann 1970). Organic micro minerals present
good chemical stability, higher biological potency and delay the antagonism among different
minerals (Spears, 1996). In this study, there was an increase in egg production with the use of
organic micro minerals, which may be related to its positive characteristics described above.
The other performance parameters were not affected, which could be expected since the basal
diet used in all treatments was already balanced to meet the needs of the hens.

The eggs quality, weight of yolk, aloumen and eggshell, pH of yolk and albumen and
specify gravity there were no effect of supplementation of organic minerals (P>0.05). This
effect has also been observed by Stefanello et al. (2014) who evaluated the quality of eggs on
Hy-Line W36 laying hens between 47 to 62 wk of age fed diets supplemented with an organic
source (proteinates) of micro minerals (Mn, Zn, and Cu) and no was observed effect of micro
minerals on the specify gravity. Also, Saldanha et al. (2009) evaluated effect of organic
mineral supplementation (Zn, Fe, Mn, Cu, I, and Se) on the egg quality of semi-heavy layers
(83 weeks of age) and did not find significantly influenced by the treatments on the yolk and
albumen percentage. However, this same author, founded significantly influenced egg specific

gravity and eggshell percentage, with the 80% organic micro mineral level. Paik (2001)
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evaluated organic Zn, Cu, and Mn sources in layer diets, and observed higher specific gravity
and eggshell percentage in the eggs of layers fed organic micro minerals, and the association
between organic Zn and Mn improved eggshell strength. According to author Zn influenced
the synthesis of the enzyme carbonic anhydrase, which is essential for eggshell formation. In
this study, this effect was not observed and can be justified by the fact that the hens received a
basal diet composed with sufficient quantities of micro minerals for their needs.

According Garcia et al. (2010) the alkaline pH negatively influences the vitelline
membrane. Also, albumen alkaline ions can be exchanged with yolk H* ions, leading to
protein denaturation, increasing yolk viscosity. According this study, OMM do not cause
effects on pH of yolk and album and can be used in poultry diets. In the literature, the
researches done with breeder of laying hens are scarce, which makes it difficult to compare
results.

Source of organic micro minerals used individually or associated did not influence
considering the average obtained during the entire experimental period, on Haugh units
(Saldanha et al. 2009, Yenice et al. (2015) or yolk index (Saldanha et al. 2009). However, in
this study, Haugh unit was not affected by the addition of organic minerals in the diet, but the
yolk index was higher in DB than BD+800gOMM. As egg deterioration progresses, the yolk
index score becomes lower because the fiber structure of the vitelline membrane loosens and
the membrane strength decreases over time (Fromm, 1967). In this study, the yolk index of
eggs from hens fed with BD (only inorganic minerals) showed higher yolk index than eggs
from hens fed with BD+800gOMM, that is, the yolks had better membrane fiber structure.
Nevertheless, the yolk indexes of all the treatments analyzed are within what is considered
suitable for eggs of laying hens, which would be between 0.3 and 0.5 (Yannakopoulos, 1986).

The shell thickness and eggshell strength there were no effect of supplementation of

organic minerals (P>0.05). These data are in agreement with Mabe at al. (2003) that evaluated
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the the Zn, Cu, and Mn dietary supplementation in laying hens and did not affect the eggshell
quality: percentage eggshell, eggshell index, however, this author observed improved
breaking strength and fracture toughness which differs from the result found in this study.
Swiatkiewicz and Koreleski (2008) evaluated the addition of Zn and Mn from inorganic and
organic sources for layers between 35 and 70 wks of age and did not observe changes in
percentage and shell thickness of the eggs.

The effects observed by researches on the mechanical properties of the eggshell,
independent of eggshell mass, suggest that micro elements may directly interact with the
calcium carbonate formation and the resulting texture of the eggshell. In this respect, one
possibility is that the presence of micro elements alters the initial phase of eggshell formation
(Mabe at al., 2003). Bain (1990), for example, at the relationship between fracture toughness
and the ultrastructural organization of the eggshell and suggested that micro element
supplementation promotes early fusion during the initial stages of shell formation and hence
improves the mechanical strength of the egg irrespective of its thickness. This analysis can

justify the fact of not having been found results in eggshell mass and thickness in this study.

4.2. Males performance and sperm quality

The present study demonstrated that the volume of spermatozoa of males did not
present difference in the treatments. However, Shan et al. (2017) evaluated the effect of an
inorganic and organic micro mineral (Zn, Mn, Cu, Fe and Se) premix on the semen quality of
male broiler breeders and concluded that there was a significant increase in semen parameters
in organic mineral group such as semen volume and semen density from 31 to 35 weeks. The
organic minerals (Cu, Zn, Mn and Se) were used by Mahan et al. (2002) added to the diets to

the evaluated the fertility on boar and the results demonstrated that number of doses per
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ejaculate increased from 10.9 to 23.4. Therefore, Barber et al. (2005) suggested in your
research on broiler breeder that micro minerals (Se, Mn, and Zn) act at the reproductive tissue
level during spermatogenesis to improve semen quality.

According Surai et al. (1998) the Se supplementation affects the antioxidant defenses
of poultry breeding male’s semen. Edens (2002) showed that, when cockerels were fed on a
basal diet containing 0.28 ppm Se without additional dietary supplementation of this micro
element, the percentage of normal spermatozoa was only 57.9% and two major abnormalities
seen were bent midpiece (18.7%) and corkscrew head (15.4%). However, when organic Se
was included in the cockerel’s diet in the same amount, semen quality was further improved
and those abnormalities decreased down to 0.7 and 0.2% and the percentage of normal
spermatozoa increased up to 98.7%. Edens and Sefton (2009) reported that roosters fed with
organic seleniun had significantly lower percentages of dead spermatozoa, spermatozoa with
midpiece abnormalities, corkscrew head abnormalities and other abnormalities (mostly
detached heads at the neck- midpiece interface) compared with semen samples evaluated from
roosters that had been fed selenite. According to the authors, these researches demonstrated
that the inclusion of selenium in poultry diets enhances sperm numbers, and using an organic
source reduces production of defective sperm, thereby having a positive effect on the
fertilizing potential of the male. In this study, sperm concentration and sperm abnormalities
were the same for both organic (on top) and inorganic mineral sources. Nevertheless, this
research is in agreement with that was above described by the authors. Although no effect was
found on these variables, the spermatic vigor was higher for males fed BD+800gOMM than
BD. Moreover, the fertility in the incubated eggs was increased by the use of organic minerals
(as discussed below). Renema (2004) has demonstrated that breeder hens fed with organic Se
showed a higher number of sperm holes at the site of fertilization in the perivitelline

membrane, as compared to hens fed inorganic Se. He attributed this effect to changes in the
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oviduct environment, such as reduction of free radicals within the sperm host glands, due to
improvement in glutathione peroxidase (GSH-PXx) activity (Surai, 2000).

Others micro minerals that have relevance on the spermatic quality are Mn, Cu and
Zn. Mn is a potent stimulator of sperm motility through the stimulation of adenylate cyclase
activity (Lapointe et al., 1996). Copper appears to be involved in spermatozoa motility and it
may also act at the pituitary receptors which control the release of luteinizing hormone (LH).
In the seminal fluid, the level of copper appears to fall in cases of azoospermia and to increase
in oligo- and asthenozoospermia (Skandhan, 1992). According Amen and Al-Daraji (2011)
the zinc is important for the cell division and the production of healthy sperm. It is the most
critical micro mineral for male sexual function. It is needed for testosterone metabolism,
testicle growth, sperm production, motility and count. These authors evaluated the effect of
dietary supplementation with different level of Zn on broiler breeder chicken and found
improvement in the sperm egg penetration. In this research the motility and number of
abnormal of spermatozoa not were affected by use of minerals. However, Shan et al. (2017)
found significant increase in semen motility and number of normal sperm of male broiler
breeders fed with organic micro mineral premix than males fed with inorganic mineral premix

from 31 to 35 weeks.

4.3. Incubation parameters

Hatchability and hatchability of fertile eggs were not affected by treatments. The
fertility shown to be higher in breeders hens fed with OMM compared to hens fed only BD.
These results are compatible with the findings of Rutz et al. (2003), who reported that the
supplementation of organic Mn and Zn (30 and 30 mg/kg) to broiler breeder hen diets

increased the fertility according to the high level (100mg/kg) of their inorganic forms.
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However, Yanice et al., (2015) evaluated the effect of organic and inorganic Mn, Zn, Cu and
Cr mixture (chelated on the methionine) supplementation and did not found lead to the
significant difference between groups in terms of fertilized eggs and hatching rates. Studies
performed by Favero et al. (2013) evaluating the reproductive performance of breeder hens
fed diets supplemented with Zn, Mg and Cu from inorganic and amino acid-complexed
sources observe improved of hatchability of fertile eggs and not showed effect on hatchability
and fertility. This same author reported a reduction in early embryo mortality in eggs laid by
hens fed with inorganic and organic minerals on top diet compared with the control diet.
However, in this study was not found effect of treatments on the total embryo mortality
(EM1, EM2, EM3 and EM4) as well as, pipped eggs. In this context, the different sources of
minerals used in the present study and described by Favero at al. (2013) may have been the
explanation for the difference of the results found. The increase in egg fertility can be
attributed to a better utilization of the minerals involved in the fertilization, such as Zn, Mn,
Cu and Se.

According Sun et al., (2012), organic mineral supplementation in the diets protects
breeders from lipid peroxidation, increased egg nutrition retention, and benefits the growth of
subsequent broiler progeny. In this study, the supplementation of OMM on diets to hens
apparently did not influence the quality of chicks born. The second quality chick (unhealthy
navels, culls and physical abnormalities) and chick weight (high-quality chicks) of were not
affected by treatments.

Zn, Mn, and Cu play important roles in embryo development as well as hatchability
(Kidd, 2003), and a positive relationship has been shown between egg Zn content and
hatchability. It is the most critical micro mineral for male sexual function. It is needed for
testosterone metabolism, testicle growth, sperm production, motility, count, reducing excess

estrogen in male reproductive tissue (Amen and Al-Daraji, 2011). Zn is located primarily in
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the Leydig cells, the late type B spermatogonia, and the spermatids (Croxford et al., 2011). Se
also has positive effects on hatchability (Surai, 2006). The supplementation of laying hen
diets with organic selenium improves hatchability of fertile eggs (Hanafy et al., 2009),
fertility and hatchability % (Osman et al., 2010). As described above, there is positive action
of the minerals in the reproductive process of the breeder hens which can be confirmed in this
study by the increase in the fertility of the eggs although no effect on hatching has been

found.

5. Conclusions

In conclusion in the present study, the supplementation of Mn, Zn, Fe, Cu and Se can
be used for breeder laying hens without affect the main performance variables and the egg
quality. There is a positive effect with tendency to increase egg production of birds fed with
organic micro minerals throughout the experimental period. The fertility of incubated eggs
increase with the use of OMM. In males, the use of OMM s indicated by an increase in

spermatic vigor, without altering the other seminal parameters evaluated.
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Table 1

Composition of the basal diet and nutritional levels used.
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Ingredients BD BD+500gOMM BD+800gOMM
Corn (g/kg) 650.22 650.22 650.22
Soybean meal (460 g/kg protein) (g9/kg) 241.73 241.73 241.73
Soybean oil (g/kg) 1.49 1.49 1.49
Dicalcium phosphate (180 g/kg P; 210 g/kg Ca) (g/kg) 10.66 10.66 10.66
Limestone (380 g/kg Ca) (g/kg) 81.88 81.88 81.88
Salt (g/kg) 4.00 4.00 4.00
Vitamin and inorganic mineral premix* (g/kg) 10.0 10.0 10.0
Organic minerals?

Copper amino acid chelated (mg/kg) - 2.5 4
Manganese amino acid chelated (mg/kg) - 20 32
Zinc amino acid chelated (mg/kg) - 27.5 44
Iron amino acid chelated (mg/kg) - 17.5 28
Selenium yeast (mg/kg) - 0.08 0.128
lodine (mg/kg)® - 0.6 0.96
Calculated Nutritional Composition (g/kg)

Crude Protein 17.00 17.00 17.00
Metabolizable energy (kcal/kg) 2768 2768 2768
Calcium 35.0 35.0 35.0
Available Phosphorus 3.0 3.0 3.0
Nutritional composition analysed (g/kg)

Crude protein 16.58 15.49 15.60
Gross energy (kcal/kg) 3893 3958 3884
Ash 14.38 13.29 15.69
Calcium 335 334 33.3
Total P 5.1 5.1 5.1

! Mineral and vitamin premix: levels per kg of diet (DSM Nutritional Products Ltd.): vitamin
A 1500 UI; vitamin D3 4500 Ul; vitamin E 80 Ul; vitamin K3 5mg; vitamin B1 3.5mg;
vitamin B2 12mg; vitamin B6 6mg; vitamin B12 40mcg; niacin 60mg; pantothenic acid
20mg; biotin 0.4mg; folic acid 3mg; iron 60mg; copper 10mg; zinc 75mg; manganese 70mg;
ascorbic acid 0.15mg; selenium 0.3mg; iodine 10mg; methionine 1.04g; phytase 600 FYT/g;
cobalt 1mg; enramycin 5mg; lysine 0.15g; Protease 11250 Prot/kg

2Yes Sinergy Brazil (Yes Minerals 360 — Poultry)
% Inorganic iodine (Yes Minerals 360 — Poultry)
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Table 2
Egg production of laying hens fed diets with organic micro minerals!
Age (wk) Treatments

BD BD+500gOMM  BD+800gOMM SEM* P-Value

36 75.59 74.13 77.38 6.15 0.1370
37 75.00 77.38 75.85 4.28 0.5418
38 82.73 83.63 87.50 5.49 0.2072
39 82.14 80.35 86.60 6.39 0.1565
40 80.19 81.94 83.03 8.65 0.8043
41 78.87 80.65 85.41 7.06 0.1838
42 80.65 83.92 80.65 8.71 0.6910
43 76.48" 77.21% 83.63 2 5.30 0.0275
44 77.21° 77.67° 84.69 2 4.34 0.0065
45 71.72° 75.89 2 84.01 2 7.12 0.0112
46 77.21 77.38 78.57 7.78 0.9321
47 74.40 76.48 75.26 9.49 0.9077
48 75.59 75.59 82.27 8.62 0.2254
49 72.02° 77.97 ® 82.14 2 6.98 0.0285
50 73.47 77.38 76.19 8.12 0.6449
51 72.91 74.70 77.97 4.85 0.1317
52 72.79 77.67 77.68 6.84 0.3104
53 77.21 74.10 73.51 7.01 0.5653
54 71.27 73.80 73.80 7.79 0.7581
55 66.96 72.91 72.91 8.91 0.3245
Average (36-55 wk) 75.68 77.41 79.72 4.33 0.1976

a-b Means within a row, not sharing a common superscript, are significantly different (P <

0.05)

! Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n = 8



Table 3
Parameters on eggs quality from hens from 36 to 55 weeks of age!
Variables Treatments

BD BD+500gOMM  BD+800gOMM SEM* P Values
Egg weight () 59.95 59.22 58.67 1.57 0.2863
Yolk weight (g) 16.69 16.72 16.66 0.47 0.9634
Albumen weigh (9) 38.03 37.24 36.94 1.13 0.1692
Eggshell weight (g) 5.22 5.24 5.10 0.20 0.3337
Specific gravity (g/cmd) 1083.9 1084.8 1083.7 1.49 0.3731
Haugh unit 95.01 94.92 94.84 1.19 0.9581
Yolk index 0.44° 0.44 % 0.43° 0.93 0.0092
pH of yolk 5.92 5.94 5.93 0.03 0.6171
pH of albumen 8.34 8.30 8.31 0.09 0.6989
Eggshell thickness (mm) 0.373 0.377 0.371 10.40 0.5150
Shell strength (N) 35.79 35.07 34.78 3.08 0.7979

a-b Means within a row, not sharing a common superscript, are significantly different (P < 0.05)

! Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n = 8

56
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Table 4

Sperm quality of males during the experimental period (36 to 55 weeks of age) !
Variables Treatments

BD BD+500gOMM  BD+800gOMM SEM* P Values

Volume (mL) 1.21 0.96 0.98 0.30 0.1054
Motility (%) 89.30 89.13 90.90 3.79 0.4608
Vigor? 3.01° 416 % 4,212 0.27 0.0262
pH 7.98 7.98 7.95 0.07 0.6402
Concentration® 3.89 3.74 3.69 0.67 0.7550
TAS (%) 4.97 4.24 5.08 1.79 0.4650
AH (%) 2.21 1.98 2.38 0.84 0.5212
AIP (%) 2.35 2.08 2.41 0.89 0.6421
AT (%) 0.31 0.30 0.21 0.18 0.3174

a-b Means within a row, not sharing a common superscript, are significantly different (P <

0.05)

! Data represent means from 12 replicates (i.e., pens) per treatment. *Pooled SEM, n = 12

2 Sperm vigor (1-5 scores)

3 Sperm concentration (number of cells x 10° mL of semen)

TAS = Total abnormal spermatozoa, AH = abnormality of head, AIP = Abnormality of
intermediate piece, AT = Abnormality of tail
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Table 5
Reproductive responses (%) evaluated during the experimental period by laying breeders hens
from 36 to 55 weeks of age’

Variables Treatments
BD BD+500gOMM  BD+800gOMM SEM* P Values

Hatchability 84.47 85.15 87.72 4.63 0.3527
Hatchability of fertile eggs 92.64 89.94 92.73 2.61 0.0750
Fertility 90.98° 95.08 @ 95.54 @ 2.99 0.0130
Total Embryonic mortality 5.62 6.53 6.02 2.30 0.7347
EM12 1.54 1.56 1.83 0.98 0.8002
EmM23 1.06 1.39 0.84 0.75 0.3548
EM3* 1.12 1.24 0.84 0.65 0.4723
EM4° 1.89 2.33 2.49 1,21 0.5959
Pipped 1.27 1.63 1.06 0.95 0.4929
Second quality chick 1.60 1.27 1.74 1.01 0.6450
Chick weight (g) 41.46 41.55 40.79 1.00 0.2866

a - b Means within a row, not sharing a common superscript, are significantly different

(P<0.05)

!Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n = 8,
Weekly incubations, in total: 20

2EM1 = embryonic mortality at the first 48 h of incubation.

3EM2 = embryonic mortality occurring between d 3 and 7 of incubation.

*EM3 = embryonic mortality occurring between d 8 and 14 of incubation.

*EM4 = embryonic mortality occurring between d 15 and 21 of incubation.
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5. CAPITULO Il

SUPPLEMENTATION OF ORGANIC MICRO MINERALS AND CALCIUM AMINO
ACID CHELATED OR SEAWEED (LITHOTHAMNIUM CALCAREU) ON THE
PRODUCTIVE AND REPRODUCTIVE CHARACTERISTICS OF LAYING
BREEDER HENS

Este capitulo é apresentado de acordo com as normas para publicacdo no Periédico

Animal Feed Science and Technology.
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ABSTRACT

This experiment was carried out to evaluate the effects of diet supplementation with organic
micro minerals (OMM) added to inorganic minerals and calcium amino acid chelated or
seaweed calcium (Lithothamnium calcareum) on performance, egg quality, sperm quality and
hatching characteristics of laying breeder hens. A total of 192 White Plymouth Rock hens and
48 Red Rhodes Island males were used in the randomly distributed in a factorial arrangement
(2 x 2) totaling 8 replicates with 6 hens each and 12 replicates with 1 male each, from 36 to
55 wks of age. From a complete basal diet (composed with inorganic minerals) were made 4
diets with 2 levels of supplementation of organic micro minerals: 500g of organic mineral
product by ton of diet (2.5mg Cu, 17.5mg Fe, 20mg Mn, 27.5mg Zn and 0.08mg Se per kg of
diet) (5000MM) and 800g of organic mineral product by ton of diet (4mg Cu, 28mg Fe,
32mg Mn, 44mg Zn and 0.128mg Se per kg of diet) (8000MM) and 2 types of calcium:
calcium amino acid chelated (CaCh) — 0.155g/kg of diet and calcium from Lithothamnium
calcareum (LCa) algae — 1.6g/kg of diet. Hens were artificially inseminated once a week with
semen from males fed with same treatment. Egg production, feed conversion and egg weight
were not affected by diets used. An increase in the yolk, eggshell, specific gravity and shell
thickness were observed in eggs from hens fed with CaCh on diets (p=0.0397, p=0.0059,
p=0.0092, p=0.0339). An increase in the aloumen was observed in eggs from hens fed with
LCa on diets (P=0.0027). Concentration and abnormal spermatozoa were not affected by diets
used. Sperm volume was higher in males fed with 5000MM on diets (p=0.0445). Motility
(p=0.0044) and sperm vigor (p=0.0046) were improved in males fed with CaCh on diets.
Incubation parameters were not affected by treatments. In conclusion, the different levels of
OMM did not affect the production and reproduction parameters on hens, except the seminal
volume. The Ca chelated has positive effects on egg quality and sperm.

Keywords: breeder males, egg production, hatching, spermatozoa, trace mineral.
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1. Introduction

Minerals are nutrients involved in a high number of metabolic pathways, and it is
largely accepted that many of their functions are still not well understood (Vieira, 2008). In
poultry nutrition, the minerals are typically classified as macro or micro minerals. The
classification of the essential minerals into major elements and trace elements depends upon
their concentration in the animal or amounts required for them. Macro elements are expressed
as a percentage of feeds or tissues, and are mostly involved in structural functions.
Microelements, or trace minerals, are more difficult to be assessed through analysis due to
their very low concentrations in animal tissues and the limitations in equipment and
techniques (Vieira, 2008). Normally, micro elements are present in the animal body in a
concentration not greater than 50 mg/kg and are required at less than 100 mg/kg diet
(McDonald et al., 2011). The macro-minerals include calcium (Ca), phosphorus (P), chlorine
(CI), magnesium (Mg), potassium (K), and sodium (Na). The micro minerals include copper
(Cu), iodine (1), iron (Fe), manganese (Mn), selenium (Se), and zinc (Zn) (McDonald et al.,
2011).

Micro minerals are essential for hens by performing various functions therefore; there
is an increasing interest in studying factors that improve absorption and metabolization of
these micro elements. Organic sources or metal chelates have been used with the aim of
enhancing micro mineral bioavailability by binding minerals to organic molecules, allowing
the formation of structures with unique characteristics and high bioavailability (AAFCO,
1997). Organic minerals comprise metal ions chemically linked to an organic molecule,
thereby forming chemical structures with unique stability (AAFCO, 2005). Organic structures

are stable in the digestive tract and are preferentially absorbed because they are protected
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from forming complexes with other diets components (Ammerman, 1998). The most
commonly used organically-complexed minerals include zinc, manganese, selenium, copper
and iron.

Micro minerals are essential to the diets of poultry because they participate in the
biochemical processes required for normal growth and development, including bone and
eggshell formation and development of the avian embryo (Richards, 1997). Favero et al.
(2013) evaluating organic amino acid complexes with Zn, Mn and Cu found improved
hatchability of fertile eggs. Soni et al. (2014) reported no effect of organic minerals on egg
production; however, Rajendran et al. (2012) observed an improvement in laying percentage
of hens that received chelated minerals. Barber et al. (2005) suggested in your research on
broiler breeder that micro minerals (Se, Mn and Zn) act at the reproductive tissue level during
spermatogenesis to improve semen quality.

Organic minerals can occur in several forms including amino acid complex, amino
chelate, mineral proteinate, and a mineral polysaccharide complex (Spears, 1996). They are
more stable and are more protected biochemically from the adverse reactions with other
dietary nutrients, which could reduce their rate of absorption. In addition of the normal ion
absorption mechanisms in the intestines, chelated minerals are also absorbed through the same
path ways as the organic molecules with which they are complexed, thereby avoiding
competition among minerals for the same carrier, and making them more readily transportable
and absorbable for subsequent utilization by the body (Clydesdale, 1998).

Laying hens have a high demand for Ca, especially during peak of egg production
when Ca output is greatest. Calcium metabolism is also is high in the later stages of egg
production, when hens have a decrease in Ca absorption efficiency (al-Batshan et al., 1994).

The dietary Ca source for laying hens in production phase is typically limestone or oyster
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shell. However, much has been reported on the use of organic micro minerals in poultry
nutrition (Grimes et al 2004).

Due to the high calcium requirements of commercial layers and of layer and broiler
breeders, the knowledge on calcium sources that can replace or be used in association with
calcitic limestone or oyster shell is essential in order to improve or to maintain performance
and eggshell quality with the use of renewable calcium sources (Pelicia et. al, 2007). The
searches for new alternatives that are not derived from rocks, of greater bioavailability, are
extremely importance to maximize performance animal and minimize costs. The
Lithothamnium calcareum belongs to the group of red algae or rhodophytes, the family of
Coralineacea are calcareous algae in appearance, because it absorbs the calcium carbonate and
magnesium (Melo and Moura, 2009). The seaweed calcareous flour (Lithothamnium
calcareum) could be used as an alternative source of calcium.

The objective of this study was to evaluate two levels of organic micro minerals in
addition to inorganic minerals and calcium amino acid chelated or calcium from seaweed
(Lithothamnium calcareum) in diets of laying breeder hens, male and female, on the

performance, egg quality, incubation parameters and sperm quality.

2. Material and methods

The present study was carried out in the Poultry Science Laboratory - LAVIC at the
Federal University of Santa Maria (UFSM). This study was based on compliance with the
Welfare Standards and was approved by the Ethics Committee of UFSM. A total of 192
White Plymouth Rock females were standardized by weight and egg production and 48 Red
Rhodes Island males were standardized by body weight and phenotypic characteristics. The

trial was conducted from 36 to 55 weeks of age divided in experimental periods to 28 days.
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The females and males were distributed to individual cages 0.33x0.45x0.40m and
0.33x0.60x0.60m, respectively. During the experimental period the females were artificially
inseminated once a week (0.05ml of semen/dose) (Rosa et al. 1995). Artificial insemination
was performed between males and females fed with the same treatment. Feed and water was
providing for ad libitum consumption, and a photoperiod was gradually increased up to 16

hours remaining at this level until the end of experiment.

2.1 Treatments

Hens were fed the same basal diet (corn and soybean meal) up to 35 wks of age. At 36
weeks of age, the basal diet was supplemented with micro minerals in the organic source. The
micro elements used: Cu, Fe, Mg and Zn chelated to amino acid and, a metal proteinate in the
form of selenium (Se) yeast were added to basal diet (Table 1) content inorganic mineral
(10mg Cu, 60mg Fe, 70mg Mn, 75mg Zn and 0.3mg Se per kg of diet). Females and males
were distributed in the 2 x 2 factorial arrangement: 2 levels of organic micro minerals
(supplemented to inorganic dietary minerals): 500g of the micro minerals by ton of diet
(2.5mg Cu, 17.5mg Fe, 20mg Mn, 27.5mg Zn and 0.08mg Se per kg of diet) (5000MM) or
800g of the micro minerals/ton of diet (4mg Cu, 28mg Fe, 32mg Mn, 44mg Zn and 0.128mg
Se per kg of diet) (8000MM) and 2 source of calcium: the Calcium Amino Acid Chelated
(CaCh) — 0.155g/kg of diet or Calcium from Lithothamnium calcareum (LCa) algae — 1.6g/kg

of diet.

2.2. Experimental design and statistical analysis
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The experimental design was completely randomized in a factorial arrangement with
2 levels of organic micro minerals: 5000MM or 8000MM and 2 source of calcium (calcium
amino acid chelated and Calcium from Lithothamnium calcareum algea) in 4 treatments with
8 replicates with 6 hens each in the female’s trial and 12 replicates with 1 male each for
male’s trial. All data were subjected to analysis of variance (ANOVA) to evaluate the effect
of levels to organic micro minerals, calcium and their interaction. When it was observed
significant differences at 5% in the variance average it was applied Tukey test for comparison

among treatments. Statistical procedures were performed by using the SAS software (2016).

2.3. Hens performance and eggs quality

At the end of each 28 day period the body weight (BW), feed intake (g/hen per day),
feed conversion (kg of feed/dozen eggs and kg of feed/kg of eggs) were measured. Eggs were
collected and recorded 4 times per day and the egg production by housed hens was calculated
weekly.

Egg weight, yolk weight, albumen weight, eggshell weight, specify gravity, Haugh
unit, yolk index and pHs were determinates weekly, totalizing 20 analyzes in the total
experimental period. A total of 24 eggs/treatment (8 replicates of 3 eggs each one) were used
in the specify day of each experimental week using to realized this analyzes. Egg weight, yolk
weight and albumen weight were measured with precision scale (0.001g). The egg specify
gravity was determined throughout the immersion of the eggs in saline solutions with
densities of 1070; 1075; 1080; 1085; 1090; 1095 and 1100g/cm?3 using Archimede’s principle
as described by Peebles and McDaniel (2004). After this analysis, a sample of 3 eggs per
experimental unit were used for the determination of the albumen height. Measurements in

millimeters (mm) were related to the weight of the egg, thereby determining the Haugh unit:
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100* log (H — 1.7 W37 + 7.6), H = where albumen height (mm) and W = egg weight (g). To
calculate the yolk index (Y1) the height (mm) and yolk diameter at two points were measured
with the aid of a digital caliper to calculate the YI: height of the yolk over the average yolk
diameter. The 3 yolks and the 3 albumin samples were mixed separately to measure the pHs
using a digital bench top pH meter.

The eggshell was weighed after being washed and dried in ambient temperature by 72
hours (Rodriguez-Navarro et al., 2002). Shell thickness and resistance force of the shell were
determinate every 28 days (totaling 5 analyzes in the total experimental period). Shell
thickness was measured with the Electronic Outside Micrometer 0.001 mm at three equatorial
points on three intact eggs per experimental (Lin et al., 2004). The strength, kilogram-force,
was obtained using a texturometer TA.XT2 Texture Analyzer with a delrin probe with a 5-

mm diameter (Texture Technologies Corp. and Stable Micro Systems Ltd., Hamilton, MA).

2.4. Males performance and sperm quality

Daily feed intake (g/male per d) and body weight were calculated every period. Semen
was collected biweekly by the dorsal-abdominal massage method (Rosa, 1995), in graduated
Falcon tubes kept in a water bath at 37°C. After the collection, the volume of the ejaculate
was verified and later the parameters of motility, vigor and pH. Motility (percentage of
moving spermatozoa - rectilinear and progressive) and vigor (type of motility) were
determined. For this analysis, SuL of semen were deposited on a warm slide and observed in
light microscopy, with a magnification of 200x. The pH value of the fresh semen was
measured by using a colour-scaled pH meter (MColorpHastTM; Merck Millipore, Billerica,
MA, USA). For the analysis of concentration and sperm morphology were added SuL of

semen in 5mL of formalin: citrate solution. In order to determine the spermatic concentration,
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the semen was diluted in a ratio of 1: 1000, to perform the count of the sperm cell in a
hemocytometer (Neubauer Camera) with a result expressed in number of cells per mm? of
semen according to the technique described by Brillard and McDaniel (1985). The result was
transformed to number of cells per ml of semen. A total of 100 spermatozoa were counted
under the oil immersion on the phase contrast microscope (magnification of 1000x) and
classified as either normal or abnormal (categorized into abnormality of head, intermediate

piece and tail), and the total percent of normal or abnormal spermatozoa was calculated.

2.5. Incubation parameters

To evaluate hatchability, hatchability of fertile, fertility, embryonic mortality, pipped
eggs, quality and weight of chick, eggs were incubated every week (total 20 incubations).
Only clean and without visible abnormalities eggs were considered suitable for incubation.
All eggs daily collected were classified and separated to incubation per experimental unit.
Those eggs that were considered suitable for incubation were stored for a maximum period of
7 days in a controlled temperature room (18 to 20°C and 75 to 80% RH). The incubation was
carried out in a commercial multi-stage incubator (Casp, Amparo, SP, Brazil) at 37.5°C and
60% RH. At 18 days, the eggs were transferred to the hatcher with 36.5 °C and 65% relative
humidity. The hatching rate was determined in relation to the total incubated eggs. Fertility
refers to the percentage of incubated eggs that are fertile while hatchability of fertility is the
percentage of fertile eggs that hatch. Chicks were taken out of the hatcher, weighed and
classified into first and second quality chicks. Chicks were considered second quality when
they possessed bad umbilical scarring, beak abnormalities, leg weakness or excessively wet
downy feathers. To evaluate the hatching rate of fertile eggs, fertility and embryonic

mortality, the nonhatched eggs were submitted to embryo diagnostics. In this evaluation, eggs
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were classified, through macroscopic visual examination as infertile or as: Embryonic
mortality at the first 48 hours of incubation (EM1); Embryonic mortality occurring between
3" and 7" day of incubation (EM2), Embryonic mortality occurring between 8" and 14" day
of incubation (EM3); Embryonic mortality occurring between 15" and 21% day of incubation
(EM4); and pipped eggs — those that have broke the shell however not emerged at the time of

removal of chicks from the hatcher and the embryos still alive.

3. Results

3.1. Hens performance and eggs quality

Body weight and feed intake were not affected by different treatments (P>0.05; data
not shown). Egg production, feed conversion and egg weight were not affected (P>0.05) by
level of OMM supplementation or sources of Calcium on the breeder hens’ diets during the
total experimental period (Table 2). An increase in the yolk (P=0.0397), eggshell (P=0.0059),
specific gravity (P=0.0339) and shell thickness (P=0.0092) were observed in hens fed with
CaCh on diets (Table 3). The diets did not affect the shell strength (P>0.05; data not shown).
The percentage of albumen was higher in hens fed with LCa (P=0.0027). Haugh unit and yolk
index were not affected by the treatments. The diets did not affect the aloumen pH and yolk

(P>0.05; data not shown).

3.2. Males performance and sperm quality

No significant interaction was observed between the OMM supplementation and

source of Calcium(P>0,05). The different levels of OMM supplementation or source of
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calcium did not affected the body weight and feed intake of males (P>0.05; data not shown).
The sperm quality of males is shown in Table 4. Sperm volume was higher in males fed with
5000MM (P=0.0445). Motility (P=0.0044) and sperm vigor (P=0.0046) were improved in
males fed with CaCh on diets. Concentration, total abnormal spermatozoa, abnormality of
head, abnormality of intermediate piece, abnormality of tail and spermatic pH (P>0.05; data

not shown) were not affected by diets used.

3.3. Incubation parameters

Egg incubation results are described in Table 5. Hatchability, hatchability of fertile
eggs, fertility, total embryonic mortality, second quality chick and chick weight were not
affected by the level of OMM supplementation or source of calcium. Eggs pipped, EM1,

EM2, EM3, EM4 were also not influenced by diets (P>0.05; data not shown).

4. Discussion

4.1. Hens performance and eggs quality

There was no effect of levels of supplementation of micro minerals or source of
calcium on the egg production, body weight, feed intake, feed conversion, and egg weight.
This finding are similar the study of Stefanello et al. (2014) that supplemented diets of laying
hens with organic micro minerals (Mn, Zn, and Cu) and did not observed effect of micro
minerals on the rate of posture, feed intake, feed conversion (kg/dz and kg/kg). Several other
previous studies did not report the effects of organic micro minerals on egg production

(Carvalho et al., 2015), feed intake, and feed conversion (Fernandes et al., 2008; Yenice et al.,
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2015). Pelicia et al. (2007) evaluated the supplementation of marine calcium on diet of laying
hens and did not found effect on the egg production, egg weight, egg mass, feed intake, feed
conversion ratio per dozen eggs and per kg eggs. Grimes et al. (2004) evaluated the use of
chelated calcium proteinate dietary supplement on the reproductive performance of large
white turkey breeder hens and not found effect on egg production, body weight and egg
weight.

According Association of American Feed Control Officials (AAFCO, 2005) the
organic minerals are metallic ions chemically bond to an organic molecule, forming structures
with unique characteristics of stability and having high mineral bio-availability. In the organic
form, minerals are absorbed by intestinal carriers of amino-acids and peptides and not by
classical intestinal transporters. This prevents the competition among minerals by the same
absorption mechanism. Thus, not only bio-availability becomes superior but also minerals in
organic form are readily transported to the tissues, where they are kept stored for a longer
time compared to inorganic minerals (Lopes et al., 2018). These metals complexes may
improve egg production and decrease mortality and stress, as well as reduce the excretion of
potentially contaminant minerals in environment, as they are absorbed and retained in the
poultry body (Fernandes et al., 2008). Despite this, in this study and in other studies
previously cited, this positive effect was not seen in the performance parameters of poultry
breeders. This result can be justified by the fact that the hens received a basal diet composed
with sufficient quantities of micro minerals for their needs, which hindered the positive effect
of organic minerals.

The yolk (%), eggshell (%), specific gravity and shell thickness were higher in eggs
from hens fed with CaCh on diets and the shell strength did not affect by diets. Calcium is one
of the key nutrients required for production and optimal eggshell quality of laying hens

(Ahmed et al., 2013). The results of this study indicate that chelated calcium becomes more
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available to the hen's eggshell formation needs. Disagreeing with the results obtained in this
study, Grimes et al. (2004) not observed effect on specific gravity and shell thickness when
evaluated the use of chelated calcium proteinate dietary supplement on turkey breeder hens.
Moreover, Carvalho et al (2015) evaluated the inclusion of organic minerals (Cu, Mg and Zn)
in the diet of layers and not found on the specific gravity of eggs. Yenice et al. (2015)
observed the effects of dietary organic or inorganic Mn, Zn, Cu, and Cr supplementation on
the laying breeder hens and not observed effect on eggshell rate and eggshell thickness. This
author observed that addition of the micro mineral mixture in the organic form positively
affected Ca bioavailability of laying hens at late phase. It is estimated that the organic form
(methionine chelate) decreased the amount of free micro mineral ions in the small intestine
and Ca was prevented from forming insoluble compounds with these minerals, thereby
increasing the absorption of Ca.

In this study, the albumen (%) was higher in hens fed with algae LCa. This result may
be related to the greater solubility of calcium from Lithothamnium calcareum, observed fact
by Melo et al. (2006), where they evaluated the in vitro solubility of various sources of
calcium and observed that the calcareous algal flour Lithothamnium calcareum presented
higher values of solubility than the other sources studied. According to Assoumani (1997) use
of algae calcium (Lithothamnion calcareum) has advantages by the high availability of the
nutrients that are adsorbed on cell walls, facilitating their assimilation to animals and
improving the absorption of calcium and high porosity, which leads to an increase in specific
surface area. On the other hand, Pelicia et al. (2007) did not observe effect of supplementation
of marine calcium Lithothamnium on diet of laying hens on albumen (%), yolk (%) and
eggshell thickness.

Haugh unit, yolk index, albumen pH and yolk were not affected by the levels of

supplementation of micro minerals or source of calcium. In this way, the results of this study
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are similar with those obtained by Saldanha et al. (2009) that evaluated the effects of dietary
mineral supplement sources and levels on egg quality of layers. They observed no effect on
Haugh unit and yolk index. Fernandes et al. (2008) evaluated the Haugh unit and not found
influence by any supplementation level of organic micro minerals (Zn, Mn and Se) on this
parameter as compared to birds fed exclusively inorganic sources.

Pelicia et al. (2007) evaluating the 0, 15, 30, 45, and 60 % of calcitic limestone
replacement by marine calcium source (Lithothamnium calcareum) in commercial layer diets

not found difference on Haugh units. This finding are similar the results of this study.

4.2. Males performance and sperm quality

The different levels of OMM supplementation or source of calcium did not affect the
body weight and feed intake of males. Sperm volume was higher in males fed with
500gOMM level of organic micro minerals. The results of this study are similar with those
obtained by Shan et al. (2017) that evaluated the semen quality of male broiler breeders fed
inorganic and organic micro mineral (Zn, Mn, Cu, Fe and Se) premix and observed that the
body weight were not different between groups. However, this author found a significant
increase in semen parameters in organic mineral group such as semen volume, density,
motility, and number of normal sperm. Also, Murugesan et al. (2015) evaluated levels of
organic Zn proteinate (0; 100 and 100mg/kg) and selenomethionine in yeast protein (0; 0.15
and 0.35mg/kg) and concluded that dietary with 100mg/kg Zn and 0.35mg/kg Se improved
percent live sperm. Agreeing with the results of this study, Shanmugam et al. (2014) observed
the organic zinc (100mg/kg Zn) and selenium (0.15 and 0.35mg/kg Se) supplementation in

diets of layer breeders and did not found effect of the different level on the sperm volume.
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In this study, when the algae calcium was compared with the organic calcium, the
calcium from an organic source (calcium amino acid chelated) showed better sperm motility
and vigor, suggesting a better use of this form of the mineral by males. This result can be
justified by the greater stability during digestion, along with absorption and transport via
peptide and amino acid routes, results in higher biological availability by the minerals on the
organic form (Nys et al., 2004).

High levels of calcium, provided during the reproductive period, prevent the
absorption of some minerals such as manganese, zinc and magnesium, thus affecting the
performance of the roosters (Waldroup, 1996). However, Rutz et al. (1999) evaluated the
Leghorn roosters fed with different levels of dietary Ca (0.35; 0.65; 3.15 and 3.5%) and
concluded that the semen volume, sperm production and motility were not influenced by
dietary treatments. These results indicate that roosters may be fed diets containing 3.5%
calcium usually given to hens, without adversely affecting their reproductive performance.
These results are in agreement with the findings in this study where the calcium level of the
male diet used was the same as that of females and these levels did not compromise the action
of the micro minerals and the reproductive parameters of males.

Research has been showed that the minerals can alter reproductive functions. Se is a
crucial factor in maintaining appropriate antioxidant defenses during embryonic development
and spermatogenesis (Surai, 2002). Zinc deficiency first impairs angiotensin converting
enzyme (ACE) activity, and this in turn leads to depletion of testosterone and inhibition of
spermatogenesis. Defects in spermatozoa are frequently observed when the males are
submitted to zinc-deficient diet. Zinc is thought to help to extend the functional life span of
the ejaculated spermatozoa (Bedwal and Bahuhuna, 1994). According to Skandhan (1992)
Copper is involved in spermatozoa motility and it may also act at the pituitary receptors

which control the release of luteinizing hormone (LH). In the seminal fluid, the level of
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copper seems to fall in cases of azoospermia and to increase in oligo- and asthenozoospermia.
Mn is a potent stimulator of sperm motility through the stimulation of adenylate cyclase
activity (Lapointe et al. 1996). Bansal and Bilaspuri (2008) concluded that Mn was a useful
antioxidant, reducing the oxidative stress in addition to improving sperm motility and
viability under in vitro. Calcium accounts for 56% of the motility stimulating activity of fowl
spermatozoa and also fowl seminal plasma (Lertchunhakiat et al, 2016). Despite the necessity
and beneficial effects of these minerals on spermatic quality, in this study, the different levels
of minerals on diets were not affected the concentration, total abnormal spermatozoa,
abnormality of head, abnormality of intermediate piece, abnormality of tail and spermatic pH.
However, Aghaei et al (2010) reported that there was positive correlation between copper and

zinc concentrations of seminal plasma and progressive motility percent of spermatozoa.

4.3. Incubation parameters

The levels of organic micro minerals supplementation or sources of calcium showed
no interactions and not affected the incubation parameters evaluated as hatchability,
hatchability of fertile eggs and fertility. However, Yenice et al. (2015) compare the effects of
organic or inorganic Mn, Zn, Cu and Cr mixture at two different levels and concluded that the
dietary supplementation of organic minerals at high levels (80, 60, 5 and 0.15mg/kg,
respectively) increased the hatchability of the fertilized eggs and hatchability compared to that
of the other groups. EI-Samee at al. (2012) evaluated the fertility and hatchability of laying
quails fed diets supplemented with organic zinc or chromium yeast and observed that the high
levels of organic zinc (6.0mg zinc/kg) or chromium yeast (1.2mg Cr/kg) diet tended to
improve egg fertility, however, the hatchability was lower with the use of higher level of Zn.

Nevertheless, Oliveira et al. (2015) observed the effects of in ovo injection of organic zinc,
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manganese, and copper on the hatchability and concluded that the level 0.544, 0.260, and
0.030mg/ml of Zn, Mn, and Cu negatively affected the hatchability of fertile eggs.

The organic minerals (Se, Mn and Zn) can positively affect the reproductive efficiency
through the cockerel nutrition. This is because gametes are very sensitive to oxidative
damage, leading to poor fertility and fewer fertile eggs (Pickard, 2016). In studies with micro
minerals, Favero et al. (2013) found improved hatchability of fertile eggs (P<0.05) and not
showed effect on hatchability and fertility and, they observed a reduction in early embryo
mortality in eggs laid by hens fed with inorganic and organic minerals on top diet of breeder
hens compared with the control diet. In this study, the total embryonic mortality or embryonic
mortality at different stages of incubation, M1, M2, M3 and M4 were not affecting by use
levels of OMM supplementation or by the sources of Calcium. Grimes et al. (2004) evaluated
the effect of a chelated calcium proteinate dietary supplement on turkey breeder hens and they
was observed increased hatchability of fertile eggs produced late in hens fed the chelated Ca
proteinate which was associated, with decreased late embryo mortality. Few studies are found
with Lithothamnium calcareu in the diet of poultry breeders on the incubation parameters.

The second quality chick and chick weight were not affected by the level of minerals
in chelated form or the supplementation of source of the Calcium. Therefore the lowest level
of organic micro minerals can be used because it guarantees the quality of the chicks. In this
way, the results of this study are consistent with those obtained by EI-Samee at al. (2012)
evaluated laying quails fed diets supplemented with two levels of organic zinc (3.0 or 6.0mg
zinc/kg) or chromium yeast (0.6 or 1.2mg Cr/kg) and did not observed effect on hatching
chick weight.

Kienholz et al. (1961) found that increasing dietary Calcium from 2.25 to 4.00%
potentiated a zinc deficiency, resulting in severe abnormalities on chicks. However, in this

study, the two source of calcium supplemented in the diet do not negatively affect the quality
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and weight of the chicks. Therefore, we believe that the sources of calcium analyzed in this
study are better absorbed by their shape and thus avoid competition with other minerals,
which guarantees them maximum utilization.

In general, micro minerals function either as catalytic or structural cofactors in metal-
containing enzymes and proteins that are contained in the cells of the embryo and its extra
embryonic membranes. It is crucial to the survival of the embryo that the amount required of
each essential micro mineral must be available at the appropriate time during its growth and
development within the egg. However, excessive amounts of micro minerals, especially those
that are acutely toxic, can be detrimental to the developing embryo (Richards, 1997). In this
study, the different levels of micro minerals used and the source of calcium evaluated did not
affect the embryonic development, pipped eggs and quality of chicks. Similarly, there were no
differences in pipped eggs in the study realized by Grimes et al. (2004) evaluated the effect of

a chelated calcium proteinate dietary supplement on turkey breeder hens.

5. Conclusions

In conclusion in the present study, the use of the level of organic micro minerals (Zn,
Mn, Fe, Cu and Se) supplementation or source of Calcium (organic and seaweed) did not
affected the productive performance of females and the incubation parameters, being thus
they can be included in the diets of poultry breeders without causing negative effects in these
parameters. Yolk, eggshell, specific gravity and shell thickness was higher in hens fed with
calcium amino acid quelated. The percentage of albumen was higher in hens fed with seaweed

calcium. Sperm quality was better with the use of calcium amino acid quelated.
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Table 1

Composition of the diet and nutritional levels used.

84

. 500gOMM+ 800gOMM+ 500gOMM+ 800gOMM
Ingredients (%) Cg:aCh Cg:aCh EIJ_Ca +cha
Corn (g/kg) 650.22 650.22 650.22 650.22
Soybean meal (460 g/kg protein) (g9/kg) 241.73 241.73 241.73 241.73
Soybean oil (g/kg) 1.49 1.49 1.49 1.49
Dicalcium Phosphate (180 g/kg P; 210 g/kg Ca) (g/kg) 10.66 10.66 10.66 10.66
Limestone (380 g/kg Ca) (g/kg) 81.88 81.88 81.88 81.88
Salt (g/kg) 4.00 4.00 4.00 4.00
Vitamin and inorganic mineral premix* 10.0 10.0 10.0 10.0
Organic minerals?

Copper amino acid chelated (mg/kg) 2.5 4 2.5 4
Manganese amino acid chelated (mg/kg) 20 32 20 32
Zinc amino acid chelated (mg/kg) 27.5 44 27.5 44
Iron amino acid chelated (mg/kg) 17.5 28 17.5 28
Selenium yeast (mg/kg) 0.08 0.128 0.08 0.128
lodine (mg/kg)® 0.6 0.96 0.6 0.96
Calcium amino acid quelated (g/kg) 0.155 0.155 - -
Calcium Lithothamnium calcareum (g/kg) - - 1.6 1.6
Calculated Nutritional Composition (g/kg)

CrudeProtein 17.00 17.00 17.00 17.00
Metabolizable Energy (Kcal/kg) 2768.01 2768.01 2768.01 2768.01
Calcium 3.50 3.50 3.50 3.50
Available Phosphorus 0.30 0.30 0.30 0.30
Nutritional composition analyzed (g/kg)

Crude protein 17.72 16.62 16.45 16.89
Gross energy (Kcal/kg) 3935.2 39.27.4 3852.6 3956.6
Mineral matter 13.62 13.74 14.44 13.01
Calcium 345 35.9 36.6 35.0
Total P 5.5 5.3 5.5 55

1. Mineral and Vitamin Premix: Levels per kg of diet: vitamin A 1500 Ul; vitamin D3 4500
Ul; vitamin E 80 UlI; vitamin K3 5mg; vitamin B1 3.5mg; vitamin B2 12mg; vitamin B6 6mg;
vitamin B12 40mcg; niacin 60mg; pantothenic acid 20mg; biotin 0.4mg; folic acid 3mg; iron
60mg; copper 10mg; zinc 75mg; manganese 70mg; ascorbic acid 0.15mg; selenium 0.3mg;
iodine 10mg; methionine 1.04g; phytase 600 FYT/g; cobalt 1mg; enramycin 5mg; lysine

0.15¢; Protease 11250 Prot/kg

2. Yes Sinergy of the Brazil (Yes Minerals 360 — Poultry)
3 - Inorganic iodine (Yes Minerals 360 — Poultry)
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Table 2
Reproductive performance of hens submitted to the different treatments?

Egg production Feed conversion Feed conversion  Egg weight

ftem (%) (kg/dz) (kglkg) (@)
Levels
5000MM 77.36 1.75 2.43 59.90
8000OMM 79.74 1.77 2.48 59.63
Calcium
CaCh 78.55 1.75 2.45 59.51
LCa 78.55 1.77 2.46 60.11
Interaction
5000MM x CaCh 78.82 1.69 2.38 59.46
5000MM x LCa 75.90 1.80 2.49 60.53
8000MM x CaCh 78.28 1.80 2.53 59.56
8000MM x LCa 81.20 1.73 2.43 59.70
Source of Variation N 74 1[0 T
Levels of OMM 0.1306 0.6361 0.4939 0.3981
Source of Calcium 0.9987 0.7228 0.9343 0.1596
Levels x Calcium 0.0666 0.0743 0.1286 0.2784
Average 78.55 1.76 2.46 59.81
SEM 4.31 0.13 0.18 1.18
a-b Means within a row, not sharing a common superscript, are significantly different (P <
0.05)

! Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n = 8
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Table 3

Egg quality from hens from 36 to 55 weeks of age!

ltem Yolk  Albumen  Shell  Thickness Sgegf/:gf Yolk Hau_gh
(%) (%) (%) (mm) (glem?) Index Unit

Levels

5000MM 28.06 63.11 8.81 377.79 1084.2 0.440 95.14
8000MM 28.21 62.95 8.86 377.28 1084.9 0.440 94.90
Calcium

CaCh 28.352  62.70° 8.93% 38154% 1085.0% 0.440 94.99
LCa 27.92° 63352 8.74° 37351° 1084.1° 0440  95.05
Interaction

5000MM x CaCh 28.17 62.92 8.89 379.80 1084.7 0.441 95.04
5000MM x LCa 27.95 63.30 8.72 375.73 1083.7 0.440 95.25
8000MM x CaCh 28.54 62.49 8.96 383.28 1085.3 0.440 94.95
8000MM x LCa 27.88 63.41 8.76 371.29 1084.4 0.441 94.85
Source of Variation N V£ L0 [T

Levels of OMM 0.4696  0.4062 0.4115 0.8682 0.1404  0.9796 0.4867

Source of Calcium 0.0397  0.0027 0.0059  0.0092 0.0339 0.9870 0.8726
Levels x Calcium 0.2834 0.1813 0.8084 0.1786 0.8886  0.4614 0.6687

Average 28.14 63.03 8.83 37752 1084.53  0.440 95.02
SEM 0.57 0.55 0.17 8.11 1.20 0.005 0.97
a-b Means within a row, not sharing a common superscript, are significantly different (P <
0.05)

! Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n =8



Table 4
Sperm quality evaluated during the experimental period by males of laying breeders hens from 36 to 55 weeks of age?
B _ _ Abnormality Abnorma_lity Abnormality Total abnormal
Item Volume  Motility (%)  Vigor?>  Concentration 3 head (0 intermediate o spermatozoa
ead (%) ; tail (%)

piece (%) (%)
Levels
5000MM 1.05¢2 90.96 4.21 4.04 2.39 2.29 0.29 4.95
8000OMM 0.87° 91.22 4.26 3.70 1.95 1.98 0.23 4.17
Calcium
CaCh 0.96 91502 4.30% 3.92 2.00 2.11 0.30 4.39
LCa 0.96 90.68° 417" 3.82 2.33 2.17 0.22 4.73
Interaction
5000MM x CaCh 1.07 91.33 4.25 4.21 2.06 2.17 0.30 4.49
5000MM x LCa 1.02 90.60 4.16 3.86 2.71 2.41 0.28 5.41
8000MM x CaCh 0.85 91.68 4.35 3.62 1.95 2.05 0.30 4.30
8000OMM x LCa 0.89 90.77 4.17 3.77 1.95 1.92 0.16 4.05
Source of Variation N S £ LU
Levels of OMM 0.0445 0.3520 0.2346 0.0873 0.1870 0.2737 0.3939 0.1729
Source of Calcium 0.9396 0.0044 0.0046 0.6090 0.3188 0.8437 0.2743 0.5556
Levels x Calcium 0.6457 0.7426 0.3608 0.2048 0.3311 0.5169 0.3939 0.3034
Average 0.96 91.09 4.23 3.87 2.17 2.14 0.26 4.56
SEM 0.29 0.94 0.15 0.67 1.30 0.96 0.23 1.95

a-b Means within a row, not sharing a common superscript, are significantly different (P < 0.05)
! Data represent means from 12 replicates (i.e., pens) per treatment. *Pooled SEM, n = 12

2 Sperm vigor (1-5 scores)

3 Sperm concentration (number of cells x 10° ml of semen)
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Table 5
Reproductive responses (%) evaluated during the experimental period by laying breeders hens
from 36 to 55 weeks of age’

Hatchability Embryonic ~ Chick 2" quality

Item Hatchability fertile eggs Fertility mortality  weight (g) chick
Levels
5000MM 86.15 91.28 94.53 6.67 41.30 1.04
8000MM 85.68 91.78 93.69 5.91 41.13 1.32
Calcium
CaCh 85.99 91.75 93.93 6.20 41.11 1.00
LCa 85.85 91.32 94.28 6.38 41.32 1.36
Interaction
5000MM x CaCh 86.01 91.94 93.46 6.43 41.24 0.73
5000MM x LCa 86.29 90.62 95.59 6.90 41.37 1.35
8000MM x CaCh 85.96 91.55 94.40 5.97 40.98 1.26
8000MM x LCa 85.41 92.02 92.98 5.86 41.28 1.37
Source of Variation N S 74 |1 -
Levels of OMM 0.6971 0.5881 0.3637 0.1968 0.6605 0.3610
Source of Calcium 0.9077 0.6417 0.6985 0.7512 0.5814 0.2357
Levels x Calcium 0.7282 0.3385 0.0608 0.6118 0.8323 0.3995
Average 85.92 91.53 94.11 6.29 41.22 1.18
SEM 3.33 2.59 2.57 1.60 1.09 0.84

a-b Means within a row, not sharing a common superscript, are significantly different (P <
0.05)
!Data represent means from 8 replicates (i.e., pens) per treatment. *Pooled SEM, n = 8
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6 DISCUSSAO

Os resultados encontrados no presente trabalho sugerem que a suplementacdo de
micro minerais organicos é viavel, podendo ser recomendada do ponto de vista zootécnico por
melhorar alguns parametros produtivos das matrizes de poedeiras sem afetar o desempenho da
ave. Um dos grandes resultados deste estudo foi visto no capitulo I, onde houve melhora na
producédo de ovos com o uso dos micros minerais organicos em todas as semanas avaliadas. A
literatura ainda é controversa sobre algumas respostas, sendo que esses resultados estdo em
desacordo aos encontrados por Yanice et al., (2015) e Carvalho et al. (2015). O peso corporal,
conversdo alimentar e peso de ovos das aves ndo foi influenciada pelo uso e nivel de micro
minerais organicos em relagdo aos inorganicos, como visto no capitulo I. Este resultado
também foi encontrado no capitulo Il, onde o nivel do micro mineral organico também néo
afetou esta variavel.

Outro ponto de grande relevancia encontrado no presente estudo se refere a uma
melhora na fertilidade dos ovos incubados quando as aves foram alimentadas com micro
minerais organicos. 1sso pode ser visto no capitulo I, quando comparamos o efeito de dietas
para aves apenas com micro minerais inorganicos em relacdo aquelas alimentadas com
organicos. Porém, quando avaliamos dietas com diferentes niveis de micro minerais
(5000MM ou 8000MM) no artigo 11, ndo houve diferenca estatistica, ou seja, 0 aumento da
suplementacdo, de 5000MM para 8000MM, ndo garante maior resultado.

Vigor espermatico é definido como a qualidade do movimento exibido pelos
espermatozdides moveis, 0 que tem grande importancia no momento da fertilizacdo. No
capitulo I, pode ser observada uma melhora neste parametro através do uso de micro minerais
organicos na dieta de machos em relacdo aqueles alimentados apenas com micro minerais
inorganicos, nao sendo observado efeito para esta varidvel pelos diferentes niveis de micro
minerais utilizados (5000MM ou 8000MM). Este resultado também foi observado no artigo
I1, onde o nivel de micro mineral organico nao influenciou esta variavel.

A qualidade dos ovos vista nos capitulos | e 1l ndo foi afetada pelo uso e nivel de
micro minerais organicos nas dietas das aves. Este resultado pode ser justificado pelo fato de
que a dieta basal utilizada j& estava balanceada de acordo com as necessidades das aves.
Porém, quando o efeito tipo de célcio foi avaliado no capitulo 11, pode ser observado que o Ca
na forma de quelato apresenta melhora na qualidade de casca em relagdo ao Ca oriundo da

alga Lithothamnium calcareum.
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Assim, com o decorrer deste estudo, pode-se perceber que para uma melhor avaliagcdo
de micro minerais em dietas de matrizes de poedeiras devemos utilizar metodologias
diferenciadas. A suplementacdo de micro minerais organicos em uma dieta ja balanceada nos
dificulta encontrar os seus efeitos verdadeiros. Assim, pesquisas com uma metodologia de
substituicdo dos minerais organicos por diferentes niveis de minerais inorganicos podem ser
mais esclarecedoras.

Diante do exposto, a utilizacdo de micro minerais organicos em dietas de matrizes de
poedeiras traz beneficios, tanto na producdo quanto em alguns aspectos reprodutivos dos
machos e das fémeas. Apesar da literatura ainda ser controversa, os resultados encontrados
neste estudo supde que a utilizacdo de micro minerais organicos pode ser utilizada sem

resultar em qualquer prejuizo no desempenho das aves.
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7 CONCLUSOES

Micro minerais organicos podem ser utilizados na dieta de matrizes de postura sem
causar prejuizos no desempenho de machos e fémeas. Além disso, quando as dietas foram
suplementadas com minerais organicos houve tendéncia na melhora dos indices de taxa de
producéo das fémeas em todas semanas avaliadas.

A fertilidade dos ovos das aves alimentadas com micro minerais organicos apresenta
melhora em relagdo aquelas alimentadas com micro minerais inorganicos, sendo que o nivel
de micro mineral orgénico utilizado ndo afeta esta variavel.

A qualidade dos ovos ndo é afetada pelo uso e nivel de micro minerais organicos.
Porém, a qualidade da casca dos ovos apresenta melhora quando célcio aminoacido quelatado
é utilizado na dieta.

A suplementacdo de minerais organicos assim como, célcio aminoécido quelatado na

dieta de machos resulta efeitos positivos no vigor espermatico.
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