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NIVEIS DE SUPLEMENTACAO DE FITASE PARA GALINHAS POEDEIRAS

RESUMO

Uma estratégia nutricional para suprir as necessidades de fosforo (P) em monogastricos
é alcancada pelo fornecimento de fontes inorganicas como o fosfato bicalcico, porém as
fontes de fésforo inorganicas séao finitas. Outra estratégia nutricional trata da liberacdo do
fésforo ligado a molécula de fitato, que, além de ter baixa digestibilidade, leva a formacéo
de complexos com outros nutrientes. Dessa forma, 0s nutricionistas utilizam a enzima
fitase para liberar parte do P limitando a influéncia negativa do fitato. Atualmente, o uso
de doses de fitase acima do recomendado, além de permitir reduzir o uso de fontes
minerais de fosforo, hidrolisa de forma mais eficiente o P da molécula de fitato em
alimentos vegetais. Devido a preocupacdo com o esgotamento das fontes minerais de
fésforo, a retirada total dessa fonte mineral juntamente com o aumento da dose de fitase
acima do seu nivel recomendado se tornard uma estratégia nutricional futura. Portanto,
0 objetivo deste estudo foi avaliar o efeito da fitase sobre a produtividade de ovos,
qualidade da casca e composicao corporal de poedeiras alimentadas com dietas isentas
de fosforo inorganico e com niveis reduzidos de energia e nutrientes de 23 a 72 semanas
de idade. Um total de 560 Hy-Line W80 (4 galinhas/gaiola x 28 réplicas de gaiola por
tratamento) foram distribuidos aleatoriamente em cinco tratamentos experimentais. Uma
dieta controle positivo (PC) foi formulada para conter os niveis recomendados de energia
e nutrientes. Uma dieta basal (controle negativo, NC) foi formulada para conter 0,12% de
fésforo disponivel (avP) e com niveis reuduzidos de energia e nutrientes em comparagao
com a racdo PC. A fitase foi suplementada na dieta NC a 300, 600 e 900 FTU/kg de
racado. As respostas avaliadas foram desempenho, qualidade dos ovos, composi¢cao
corporal e composicdo da tibia. Os dados foram analisados em medidas repetidas no
tempo, contendo dois fatores (suplementacao de fitase e tempo). Contrastes ortogonais
e polinomiais foram aplicados para investigar as respostas das galinhas poedeiras com
5% de probabilidade. No geral, o consumo de racao, a taxa de postura e a massa de
ovos foram afetados pela redugédo do avP da dieta (P<0,05), e 0s niveis crescentes de
suplementacao de fitase recuperaram essas respostas. As poedeiras que consumiram a
racdo NC com 900 FTU de fitase produziram mais ovos por ave alojada e ovos
comercializaveis. A composi¢cao corporal ndo foi afetada pela reducao do avP (P>0,05).
Durante as primeiras 12 semanas de experimento, o desempenho das galinhas
consumindo a dieta NC foi severamente afetado e a suplementacdo com fitase foi
eficiente em minimizar esses efeitos. Recomenda-se a suplementacdo de 900 FTU de
fitase para melhorar o numero de ovos produzidos por ave e o numero de ovos
comercializaveis para galinhas poedeiras de 23 a 72 semanas de idade.

Palavras-chave: doses, digestibilidade, fosforo, mineralizacéo 0ssea.



PHYTASE SUPPLEMENTATION LEVELS FOR LAYING HENS

ABSTRACT

A nutritional strategy to meet the phosphorus requirements in monogastric is achieved by
the supply of inorganic phosphorus sources such as dicalcium phosphate, but the global
sources of dicalcium phosphate are finite. Another nutritional strategy deal with the
releasing of the phosphorous bound to the phytate molecule, which, in addition to having
low digestibility, leads to the formation of complexes with other nutrients. In this way,
nutritionists use the enzyme phytase to release part of the phytate P, limiting the negative
influence of phytate. Nowadays, the use of phytase doses above recommended levels,
besides allowing reduce the use of phosphorous mineral sources, hydrolyzes more
efficiently the P from the phytate molecule in vegetal feedstuffs. Due to the concern about
inorganic phosphorous sources, the total withdrawal of this mineral source together with
an increase in phytase dose above their recommended level, will become a future
nutritional strategy. Therefore, the objective of this study was to evaluate the effect of
phytase over egg productivity, eggshell quality, and body composition of laying hens fed
with an inorganic phosphorus-free diet reduced in energy and nutrients from 23 to 72
weeks of age. A total of 560 Hy-Line W80 (4 hens/cage x 28 cage replicates per treatment)
were randomly assigned to five experimental treatments. A positive control feed (PC) was
formulated to contain the recommended levels of energy and nutrients. A basal negative
control feed (NC) was formulated to contain 0.12% of available phosphorus (avP) and
reduced energy and nutrients in comparison with PC feed. Phytase was supplemented in
the NC feed at 300, 600, and 900 FTU/kg of feed. The responses evaluated were
performance, egg quality, body composition, and tibia composition. Data were analyzed
by a two-factor repeated measure analysis and orthogonal and polynomial contrasts were
applied to investigate the responses of laying hens with 5% probability. Overall, the feed
intake, rate of lay, and egg mass were affected by the reduction in dietary avP (P<0.05),
and the crescent levels of phytase supplementation recovered those responses. Laying
hens consuming the NC feed with 900 FTU of phytase produced more eggs per hen-
housed and marketable eggs. The body composition was not affected by dietary avP
reduction (P>0.05). During the first 12 weeks of trial, the performance of hens in the
negative control treatment was severely affected and phytase supplementation was
efficient in minimizing those effects. The supplementation of 900 FTU of phytase is
recommended to improve the number of eggs produced per hen-housed and the number
of marketable eggs produced through 23 to 72 weeks of age.

Keywords : Digestibility, phosphorus, calcium, phytase, bone mineralization.



CAPITULO 1 - CONSIDERAGOES GERAIS

1.1. Introducao arevisédo da literatura

O fésforo (P) € um mineral essencial na producao de galinhas poedeiras devido a
sua participacdo expressiva na formacédo do ovo, além de estar envolvido em muitas
funcdes no desenvolvimento animal, incluindo metabolismo energético e mineralizagéo
Ossea (Rainaetal., 2012, Nie et. al 2018). Cerca de 80% do P é armazenado no complexo
mineral hidroxiapatita Caio(P04)s(OH)2 (Neuman e Neuman, 1953; Veum et al., 2010),
fazendo parte da estrutura da matriz 6ssea, o que permite ser disponibilizado quando
necessario. No metabolismo, esse mineral forma parte do ATP para o fornecimento de
energia, manutencdo do pH e fluidos corporais, promovendo controle da acidose
sanguinea, mantendo estavel as concentracdes de bicarbonato e, por consequéncia, na
formacéo da casca do ovo (Pelicia et al., 2009).

Tanto as exigéncias de P da ave, quanto a valorizacao de P nos ingredientes séo
apresentados como P disponivel (Pd), desse modo, definir valores de exigéncia de Pd
das aves através do aporte Pd dos ingredientes é prioridade para formular dietas que
atendam os parametros produtivos sem prejuizos econémicos e ambientais. De acordo
com Rostagno et al. (2017) a exigéncia dietética de Pd é de 368 mg/d por galinha. No
entanto, ao longo dos anos, grande parte das pesquisas mostraram reducdes nas
necessidades de Pd, que ndo afetam parametros de desempenho, podendo variar entre
168 e 225 mg Pd/galinha/dia (Keshavarz e Nakajima, 1993; Meyer e Parsons, 2011; Jing
et al., 2018; Fernandez et al.,, 2019). Paralelamente a isso, cerca de 70% do P nos
ingredientes utilizados na alimentag&o de aves esta na forma de P fitico (Boling al., 2000),
que € pouco disponivel devido a sua baixa digestibilidade, principalmente pela formacéo
de complexos cétion-fitato (Wise e Gilburt, 1981), além dos seus efeitos antinutricionais
(Woyengo e Nyachoti, 2013).

A baixa disponibilidade do fésforo fitico (PP), assume importancia quando fontes
minerais de P precisam ser adicionadas a dieta para atender as exigéncias de P das

aves, porém, as reservas mundiais de fosfato rochoso ndo séo renovaveis, o que poderia



levar a uma crise de suprimento de P no futuro (Boling et al.,, 2000; Ahmadi &
Rodehutscord, 2012; Jing et al., 2018). Portanto, estratégias nutricionais como 0 uso de
fitase, para hidrolisar o PP, reduziriam a suplementacdo mineral de P inorganico, e,
consequentemente, a preservacao das reservas globais de P, além de neutralizar a
influéncia negativa do fitato (Van Der Klis et al., 1997; Maenz, 2001; Péron e Partridge,
2009).

O nivel padrdo de incluséo de fitase exdgena adicionada a maioria das dietas de
poedeiras é de 300 FTU/kg (Dersjant-Li et al. 2015); paralelamente a isso, doses
superiores (5 a 20 vezes o nivel padrao) de fitase em dietas de frango de corte sob
condicBes experimentais tem demostrado consistentemente aumentar a liberacdo de
fosfatos e nutrientes (Walk e Olukosi, 2019). No entanto, em poedeiras o0 uso de doses
acima do comumente utilizado sob condi¢cdes experimentais mostraram resultados
inconsistentes (Skfivan et. al., 2018; Javadi et al., 2021). Visto que ha uma preocupacao
ambiental pela excrecdo de P nas excretas somado a constante reducdo das reservas
de fosfatos, retirar o P de fontes minerais e aproveitar a maior quantidade de PP nos
ingredientes € uma necessidade atual, portanto o objetivo do presente estudo foi avaliar
a suplementacéo de doses crescentes de fitase em dietas livre de fontes de P inorganico
em galinhas de 23 a 72 semanas no desempenho, qualidade de ovo, digestibilidade de

nutrientes e composicao corporal.

1.2. Absorc¢ao e metabolismo do fosforo

Os mecanismos de absorcédo, excrecdo e deposicao do P, estdo diretamente
ligados aos de Ca, sdo complexos e nao estdo completamente elucidados. A absorcao
de P e Ca ocorrem no intestino delgado por vias paracelulares e transcelulares (Bronner,
1987; Sabbagh et al., 2011; Christakos et al., 2014). Paracelular € uma via de absorcao
passiva para o Ca e P, e é caracterizada pela juncdo estreita intercelular (Gloux et al.,
2019) ocorrendo em todo o intestino delgado (Bronner, 1987; Proszkowiec-Weglarz e
Angel, 2014). Na via transcelular, a absorcéo do Ca é um processo de transporte mediado
por calbindina, dependente de vitamina D, requer energia metabdlica, e ocorre

principalmente no duodeno e jejuno (Bronner, 1987; Bronner e Pansu, 1999; Gloux et al.,



2019); enquanto, a absorcéo de P € mediada predominantemente por um sistema de co-
transporte de sédio (transportador NaPi Ilb) (Murer et al., 2001; Yan et al. al., 2007; Jing
et al., 2018). Alguns estudos codificaram transportadores de fosforo sédio-dependente
(NaPi) e estes foram identificados e classificados em Tipo I, Il e 11l (Takeda et al., 1999).
O co-transportador NaPi Tipo | foi encontrado no cérebro e no rim e o NaPi tipo Ill, no
intestino e no rim, no entanto esses tipos de transportadores ndo apresentam clareza no
mecanismo de atuacéo, ja o tipo Il esta diretamente envolvido tanto da absorcéo intestinal
como na reabsorcao a nivel renal. (Takeda, et al., 1999). Porém, o co-transportador tipo
Il é subdividido em tipo lla e lIlb (Werner and Kinne, 2001). O tipo lla é expresso nos rins
e o llb é expresso predominantemente no intestino delgado, sendo mais elevada sua
expressdo no duodeno, seguido pelo jejuno e mais baixo no ileo (Murer et al., 2001,
Sabbagh et al., 2009; Hu et al., 2018; Proszkowiec-Weglarz et al., 2019). O NaPi-llb é
responsavel por 90% do transporte transcelular dependente de sodio (Sabbagh et al.,
2009). A inibicdo da expressao intestinal de NaPi-IIb levaria a um aumento da excrecéo
de fosforo. A figura 1 mostra quando ha deficiéncia dietética de P e ocorre regulacao
positiva de NaPi-1lb no intestino delgado e no rim (Proszkowiec-Weglarz e Angel, 2014).
Em galinhas consumindo racdo com nivel adequado de P, o transporte paracelular é o
principal mecanismo de absorcédo de P, enquanto o processo transcelular € predominante

em galinhas submetidas a baixo consumo de P (Sabbagh et al., 2009; Hu et. al., 2018).
1,25(0H),D,
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Figura 1. Absorcéo intestinal de fosfato. Considera-se que uma grande fracdo da ingestdo de fosfato dietético é
transportada por uma via passiva (paracelular). A via ativa (transcelular) consiste no NaPi Il localizado na membrana
da borda em escova apical intestinal. A expressao deste transportador € aumentada em 1,25(0OH)2D3 e quando a
ingestdo dietética de fosfato € baixa. VDR = receptor de vitamina D (Christakos et al., 2014).



As variacfes no equilibrio de Ca e P sdo dependentes dos niveis plasmaticos de
Ca?* e fosfato, que sdo modulados por hormonios, como o paratormoénio (PTH),
metabolitos da vitamina D e calcitonina. Quando os niveis plasmaticos de Ca?* ou fosfato
diminuem (hipocalcemia ou hipofosfatemia, respectivamente), o horménio PTH é
secretado no sangue pelas glandulas paratireoides, o que aumentara a ativacao da
vitamina D no rim (Elaroussi et. al.,, 1994). Tanto o PTH quanto a vitamina D ativa
aumentardo a reabsorcdo 0ssea, e a vitamina D reduz a excrecdo de Ca no rim e
aumenta a absor¢ao no intestino (Pelicia et. al., 2009). Essas agbes em conjunto
comprovadamente aumentam os niveis sanguineos de Ca e aumentam a excrecao de P
(Proszkowiec-Weglarz e Angel, 2014). Tanto a vitamina D quanto o baixo teor de P na
dieta aumentam a atividade de NaPi no intestino delgado (Yan et al., 2007; Sabbagh et
al., 2009; Omara et. al., 2020).

1.3. Qualidade 6ssea em galinhas poedeiras

O osso é essencial para fornecer suporte estrutural ao corpo e auxiliar na
locomocao (Kerschnitzki et al., 2014). Além de desempenhar um papel essencial na
regulacao dos niveis sanguineos de Ca e P através do mecanismo de remodelacéo 6ssea
(Shahnazari et al., 2006). As células responsaveis pela formacdo, modelagem e
remodelacdo 6ssea sdo chamadas de osteoblastos e os osteoclastos. Os osteoblastos,
sdo as células formadoras de 0sso, pois produzem uma matriz organica composta por
colageno tipo |, proteinas ndo-colagenas e lipidios, além de acumular ions Ca2+ e
PO4(3-), resultando na formacéo de cristal de hidroxiapatita (Kerschnitzki et al., 2014).
J& os osteoclastos, sdo células de reabsorcdo 0ssea e reabsorcdo 0ssea osteoclastica
acoplada a formacgéo Gssea osteoblastica resulta no desenvolvimento da rede irregular
de tecidos 0sseos trabeculares (Pines e Hurwitz, 1991; Whitehead, 2004).

Existem trés tipos diferentes de tecidos 6sseos, incluindo osso cortical, trabecular
e medular nos 0ssos longos, esterno, costela, pubis e escapula (Taylor e Moore, 1953).
O osso cortical € a casca externa dos 0ssos e possui uma alta concentracdo mineral e
sao altamente organizados (Kerschnitzki et al., 2014). O osso trabecular € o componente

estrutural interno com menos densidade do que o osso cortical (Casey-Trott et al., 2017;



Bello, 2018). Quando os tecidos 6sseos estruturais atingem sua extensdo maxima, 0s
osteoblastos comecam a produzir um tecido chamado osso medular, geralmente entre
10 e 14 dias antes do inicio da maturidade sexual (Taylor e Dacke, 1984; Fleming et al.,
1998; Whitehead, 2004). O osso medular aparece como espiculas nas superficies ésseas
estruturais e dentro das cavidades medulares de o0ssos longos, como umero, fémur e
tibia (Whitehead, 2004; Kerschnitzki et al., 2014), mas também no esterno, costela, pubis
e escipula (Taylor e Moore, 1953). O osso medular tem particulas minerais menos
organizadas do que o 0sso cortical (Kerschnitzki et al., 2014). E uma forma Gnica de 0sso
labil que atua como um reservatorio de Ca para as demandas de formacéo da casca do
ovo durante o periodo de postura (Dacke et al., 1993; Kerschnitzki et al., 2014).

De acordo com Kim et al. (2017) a tibia de uma galinha com consumo de nutrientes
adequado contém osso medular denso, enquanto o 0sso medular de uma galinha com
deficiéncia apresenta-se mais escasso, indicando que 0 0sso medular € um componente
labil e suscetivel a reabsorcdo 6ssea em galinhas poedeiras. O Ca e P 0sseo podem
apoiar a formacéo da casca do ovo quando alimentadas com baixo teor de Ca e Pd, o
que significa que a qualidade da casca do ovo pode ndo ser um bom preditor da qualidade
O0ssea. Muitos estudos indicam que as galinhas mantiveram uma boa qualidade da casca
do ovo em detrimento da qualidade 6ssea quando alimentadas com dietas reduzidas em
Ca e Pd (Hughes et al., 2009; Cufadar et al., 2011; Bello et al., 2020; Pongmanee et al.,
2020). Portanto, a avaliacdo da qualidade Gssea, juntamente com o0 monitoramento da
producdo de ovos e a medicao da qualidade da casca dos ovos em galinhas poedeiras
sdo Uteis a longo prazo.

As avaliacdes da mineralizacdo 6ssea podem envolver métodos invasivos e néo
invasivos. Métodos invasivos, como medi¢des de cinzas éssea ou abate comparativo
(Sakomura e Rostagno, 2016), sdo simples, rapidas e menos dispendiosas, enquanto
método ndo invasivo, como o a absorciometria de raio-X de dupla energia (DXA — Dual
Energy X-Ray Absorptiometry) permite que as aves sejam mantidas vivas ao longo do
todo o ciclo de producdo. Cada método seja ele invasivo ou ndo apresenta vantagens e
limitacdes, portanto, a avaliacdo da qualidade O0ssea usando métodos invasivos em

conjunto com técnicas nao invasivas é util para fornecer uma imagem mais abrangente



do metabolismo e mineralizacédo 6ssea ao longo do ciclo de producao. Dentre os métodos
invasivos, pode-se destacar o uso do teor de cinzas de 0sso, avaliando o contetdo
mineral especifico de um osso (como P e Ca), analise quimica amplamente utilizadas
para determinar a qualidade do osso em poedeiras (Hughes et al., 2009; Lei et al., 2011,
Bello e Korver, 2019). No caso dos métodos nédo invasivos, DXA € uma técnica para
estudo de densitometria 0ssea e € comumente usada para avaliar a composicao corporal
e alteracdes na composicéo corporal. O DXA fornece a massa gorda, massa magra e
teor mineral 6sseo, além das medidas de densidade mineral éssea (Schreiweis et al.,
2005). E através das equacdes descritas por Alves et al., (2019) é possivel calcular os
teores de proteina (%), gordura (%) e agua (%) no corpo do animal. Em geral, essas
medidas sdo cruciais para interpretar os efeitos dos tratamentos sobre esses parametros
0sseos em galinhas poedeiras ao longo do periodo.

1.4. Fitato para aves

As terminologias fitato ou &cido fitico sdo usadas na literatura para descrever o
substrato das enzimas fitase. Na figura 2, o fitato, segundo Selle e Ravindran (2007),
refere-se ao sal misto de acido fitico, enquanto o acido fitico é a forma livre do IP6 (mio-
inositol hexafosfato). Esta molécula é a principal forma de armazenamento de fosforo
nos ingredientes vegetais usados nas ragdes de aves contendo 2,5 a 4,0 g kg™' de P fitico
(PP, Ravindran, 1995). O &cido fitico, composto altamente ionizado, complexa com uma
variedade de cations como o calcio (Ca), cobre (Cu), zinco (Zn), manganés (Mn) e
magnésio (Mg) e a fracdo protéica do alimento, formando complexos insoluveis,
diminuindo a energia metabolizavel da ragao devido a influéncia negativa na digestao dos
nutrientes (Scotta et al., 2014; Bertechini, 2006), portanto é considerado um fator

antinutricional.



Figura 2. Estrutura do fitato (esquerda) e acido fitico (direita).

O fitato em pH abaixo de 1,0 sera carregado de maneira neutra e, portanto,
relativamente ndo reativo, contudo, entre pH 1 e 2 o fitato passa a perder prétons, ficando
com carga negativa e capaz de reagir com residuos basicos de aminoacidos (Dayyani et
al., 2013). Em pH baixo no proventriculo e moela (pH< 5), observou-se fraca ligacdo entre
minerais ou outras moléculas (Reddy et al., 1982). O acido fitico pode se ligar as
proteinas em uma ampla faixa de pH. Em pH &cido, como no estémago, o acido fitico se
liga a aminoacidos béasicos, formando complexos proteina-fitato (Singh e Krikorian , 1982;
Deshpande e Cheryan, 1984). Quando o pH aumenta, no intestino delgado (pH>6),
ocorre uma forte ligacéo, resultando em baixa solubilidade das moléculas de fitato (Reddy
et al., 1982). De acordo com Maddaiah et al. (1964), em dietas com alta concentragao de
fitato, o zinco se torna um mineral limitante, pois forma um complexo altamente insoluvel
em pH 6, presente no intestino delgado, local onde ocorre a maior absorgéo de minerais.
A classificacédo de afinidade para cétions divalentes ou trivalentes que se ligam ao fitato
foi descrita como Zn2+ > Fe2+ > Mn2+ > Fe3+ > Ca2+ > Mg2+ em pH 7 (Maenz et al.,
1999). E mesmo altas concentragdes de calcio, ocorre maior precipitagdo do zinco
(calcio-zinco-fiitato) do que ocorreria somente com o zinco-fitato a pH 6, devido a uma
interacdo mais estavel entre esses elementos (Maenz et al. 1999).

Os niveis de Ca na dieta de poedeiras sdo muito elevados tornando mais facil a
formacédo do complexo Ca-fitato ao longo do trato gastrointestinal inferior (Tamim et al.,
2004; Hamdi et al., 2015; Sommerfeld et al., 2018). E importante ressaltar que o pH é

crucial para a solubilidade dos complexos Ca-fitato e o pH na digesta varia de altamente



acido no estdmago e proventriculo até se aproximar da neutralidade no intestino delgado.
Sob condigdes in vitro, Wise e Gilburt (1981) descobriram que o fitato de Ca era soluvel
abaixo de pH 4, mas a precipitagdo foi observada em pH 5. Varios estudos (Evans e
Pierce, 1981; Grynspan e Cheryan, 1983; Oberleas e Chan, 1997) apoiam esta concluséo
de que o pH 5 é fundamental para a formagcdo do complexo Ca-fitato. O calcario fino
apresenta alta solubilidade e eleva o pH intestinal rapidamente, isso também diminui a
digestibilidade do Ca devido a formacé&o de complexos (Kim et al., 2018). O fitato também
tem a capacidade de se quelar ao Na, prejudicando a atividade da bomba sddio potassio
(Na-K-ATPase) reduzindo a absorcao de nutrientes em galinhas (Cowieson et al., 2004,
Liu et al., 2008). A presenca do fitato tem uma série de prejuizos extra-fosforicos,
portanto, os beneficios da hidrélise da molécula com o uso da fitase permite melhorar o
uso do P dos ingredientes reduzindo seus efeitos negativos sobre nutrientes.

1.5. Fitase

A fitase (mio-inositol hexafosfato fosfohidrolase) € o nome dado a uma enzima que
quebra o fitato (Singh, 2008). A hidrolise inicia-se com a molécula totalmente fosforilada
(IP6), seguido por penta-(IP5), tetra-(IP4), tri-(IP3), di e monoésteres de inositol em ordem
decrescente de preferéncia (Wyss et al., 1999; Yu et al., 2012; Lei et al., 2013). Em uma
situacdo ideal, a hidrélise do fitato resultara em um mio-inositol e fosfato mais
aminoacidos, minerais e outros nutrientes que estdo ligados ao acido fitico (Selle &
Ravindran, 2007). Entretanto, a remocao in vivo dos grupos fosfato das moléculas de
fitato pelas fitases comerciais ndo é completa (Yu et al., 2012), porque o fosfato no
segundo carbono do anel inositol é resistente a hidrolise por fitase exégena (Wodzinski
& Ullah, 1996).

A atividade da fitase na racéo é expressa em unidades de fitase (FTU); uma FTU
€ a atividade enzimatica que libera 1 pmol de ortofosfato inorganico por minuto a partir
de fitato de sodio em pH 5,5 e 37 C (Engelen et al., 1994), e geralmente é expressa por
kg de dieta. A atuacao da fitase pode ser influenciada por iniUmeros fatores, tais como:
faixa de pH ideal, tipo de fitase, idade dos animais, tempo de retencéo no trato digestorio,

teor de fitato na dieta, niveis de calcio entre outros fatores (Dersjant-Li et al., 2015). Em



galinhas poedeiras sabe-se que a quantidade de Ca recomendada na dieta é quatro
vezes maior quando comparada a frangos de corte (Rostagno et al., 2017). O alto teor
de Ca na dieta promove elevac¢éo do pH no trato gastrointestinal (Nelson e Kirby, 1987),
0 que reduz a atividade da fitase pela formacéo de sais insolUveis de calcio (Tamim et
al., 2004; Hamdi et al., 2015; Sommerfeld et al., 2018).

Van der Klis et al. (1997) relataram que o aumento de Ca dietético de 30 para 40
g/kg reduziu a degradacéao de fitato na dieta, de cerca de 30% para 9%, respectivamente,
e quando suplementada com 500 FTU/kg de fitase, a redugcéo na degradacao do fitato foi
de 76% a 65%. Beutler (2009) mostrou que o aumento do Ca dietético de 2,5% para 5,5%
aumentou a formacdo do complexo Ca-fitato no trato gastrointestinal de galinhas
poedeiras. Isso prejudicou a disponibilidade de P e Ca nas racdes de galinhas poedeiras
(Bello e Korver, 2019). Adeola e Cowieson (2011) observaram que a ligacao do fitato ao
Ca também esta relacionada a composicao do éster de fitato, de forma que o IP3
apresenta 11% de afinidade ao fitato quando comparado com o IP6. Assim, a rapida
remocdo de IP6 e IP5 no estdmago reduzira significativamente a ligacdo de Ca no
intestino delgado.

Evidéncias dos beneficios da inclusdo de fitase podem ser evidenciadas na
reducado da excrecdo de P. Wu et al. (2006) mostraram uma diminui¢ao de cerca de 56%
da excrecao de P quando galinhas alimentadas com dietas com 0.11% P nao fitico (NPP)
sdo suplementadas com fitase e Boling et al. (2000) descobriram que a excre¢do é
reduzida em 50% sem ter efeitos depressivos no desempenho ao mudar de uma dieta de
0,45% de P para uma dieta de 0,1% + fitase. O conteudo de P néo-fitico (NPP) refere-se
ao P total menos P fitico nquanto Pd refere-se ao P que é absorvido da dieta para o corpo,
que é um P biologicamente disponivel (Applegate e Angel, 2014). Embora Pd néo seja
equivalente a NPP, geralmente se assume que os valores de Pd e NPP sdo muito
proximos entre si para fazer a comparacao entre as pesquisas. A nutricdo adequada de
P é importante para manter um lote de poedeiras saudavel e produtivo, sustentar um pico
alto e manter a persisténcia da producao de ovos durante todo o ciclo de postura. Para
avaliar a eficacia da fitase, € necessario que a dieta experimental conten2008a fitato

suficiente como substrato para que a fitase degrade, e que o Ca e P liberado pela fitase
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seja a quantidade necessaria para a ave. Para atingir esta tltima condi¢do, sao sugeridas
reducdes de Pd e Ca bem abaixo das recomendacdes comerciais atuais para poedeiras
nas dietas experimentais (Bello e Korver, 2019; Pongmanee et al., 2020). Além da
liberacdo de Pd e Ca, a inclusao de fitase na dieta pode reduzir o impacto negativo do
fitato na digestdo de aminoacidos e amido, melhorando a digestibilidade dos aminoacidos
da energia da dieta (Scott et al., 2001; Ponnuvel et al., 2014).

1.6. Tipos de fitase

O primeiro produto comercial exdégeno de fitase disponivel foi derivado de
Aspergillus niger e foi introduzido no mercado em 1991 (Selle e Ravindran, 2007).
Atualmente, trés classes de fitases sdo reconhecidas pela Unido Internacional de
Quimica Pura e Aplicada e pela Unido Internacional de Bioquimica (IUPAC-IUB): 3-fitase
(EC 3.1.3.8) remove inicialmente o fosfato da posicéo 3 do fitato , enquanto a 6-fitase (EC
3.1.3.26) inicia preferencialmente a desfosforilacdo na posicdo 6 e a 5-fitase (EC

3.1.3.72) na posic¢ao 5 no anel mio-inositol (Figura 3).

®
Ins(1,2,3.46)P,

5-phytase, e.q
lily pollen
P —

3-phytase, e.g.
e 29 Ins(1,2,34,56)P,

Aspergillus niger
6-phytase, e.g.
' Escherichia coli
o0-Ins(1,2,3,4,5)P,

Fig. 3. Classificagao das fitases com base no carbono no anel mio-inositol do fitato

o-Ins(1,2,4,5,6)P,

no qual a desfosforilagao ¢é iniciada ( *, grupos fosfato).
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Atualmente dois tipos de fitase exdgena sdo mais utilizadas; em primeiro lugar, 3-
fitases fungicas (EC 3.1.3.8; primeira geracao) derivadas de A. niger. Em segundo lugar,
6-fitases (EC 3.1.3.26) - fitases bacterianas (introduzido a partir de 1999) derivado de
Escherichia coli, Peniophora lycii, Citrobacter braakii ou Buttiauxella spp. (Lei et al., 2013).
Os produtos de 6-fitases tendem a ser mais eficazes e possuem afinidade especifica para
IP6 e IP5, que sdo menos soluveis devido a forte capacidade quelante com zinco e cobre
(Persson et al.,, 1998). Além disso, as 6-fitases sdo mais resistentes as enzimas
proteoliticas no trato digestivo do que as 3-fitases (Adeola e Cowieson, 2011).

1.7. Doses de fitase em dietas de poedeiras

O nivel padrdo de incluséo de fitase exdgena adicionada & maioria das dietas de
suinos e aves € de 500 FTU/kg, com excecéo de dietas de poedeiras onde o nivel padréo
de incluséo de fitase exdgena é de 300 FTU/kg (Dersjant-Li et al. 2015). O maior tempo
de retencéo no trato digestério nas poedeiras pode permitir o uso de uma dose menor de
fitase do que nas dietas de frangos de corte (Selle e Ravindran, 2007). Zeller et al (2015)
sugere que ha uma maior probabilidade que o papo seja o local de maior degradacéo do
IP6, seguida do proventriculo e moela; paralelo a isso, as poedeiras apresentam menor
pH da moela do que os frangos de corte (Mtei et al., 2019), o que também pode ajudar a
promover a maior hidrélise do fitato. A suplementacéo de fitase a 300 FTU/kg em uma
dieta de poedeiras com NPP e Ca reduzidos (0,15% e 3,0%, respectivamente) de 21 a
41 semanas de idade diminuiu ovos quebrados e cascas moles (Lim et al., 2003). Em
outros estudos, a inclusdo de 300 FTU/kg em dietas contendo 0,10 a 0,14% NPP e 2,5 a
3,3% Ca aumentou Ca e P 6sseo (Gordon e Roland, 1998; Lei et al., 2011). Hughes et
al. (2009) relataram que galinhas alimentadas com baixo teor de NPP (0,15%) de 21 a
61 semanas de idade recuperaram a producdo total de ovos, peso corporal e viabilidade
guando as dietas foram suplementadas com 600 FTU/kg.

Recentemente, aumentou o interesse em “superdosagem”, termo que se refere ao
uso da enzima em concentracdes duas a trés vezes acima daquelas normalmente

recomendadas pelos fornecedores (Dersjant-Li et al., 2015), com o objetivo de hidrolisar
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todo o &cido fitico no intestino anterior até os ésteres menores (IP4 e IP3) e dessa forma
diminuindo os efeitos antinutricionais, liberando mais nutrientes em relacdo a doses mais
baixas de fitase (Fernandez et al., 2019).

A superdosagem de fitase na dieta de aves tem mostrado efeitos benéficos no
desempenho e nas caracteristicas 6sseas de frangos (Manobhavan et al., 2016). A
hidrélise do acido fitico nos ésteres inferiores antes de entrar no duodeno reduz a
formacgéo de complexos de fitato, pois os ésteres inferiores tém menor capacidade de se
ligar a cations (Persson et al., 1998). Cowieson et al.(2011) em um experimento com
frangos de corte utilizando doses acima de 2500FTU relataram uma grande liberacao de
fésforo e calcio dos alimentos entre os efeitos da superdosagem de fitase e,
consequentemente, maior disponibilidade desses nutrientes para absorgdo . Assim a
adicao de 900 FTU/kg de racédo sem adicao de fosforo inorganico, sera capaz de atender

as demandas das aves de 23 e 72 semanas de idade.
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CAPITULO 2 — A bacterial 6-phytase recovered the responses of laying hens given

an inorganic phosphorus-free diet
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ABSTRACT

The objective of this study was to evaluate the effect of phytase over egg productivity, eggshell
quality, and body composition of laying hens diet inorganic phosphorus-free diets reduced in
energy and nutrients from 23 to 72 weeks of age. A total of 560 Hy-Line W80 (4 hens/cage x 28
cage replicates per treatment) were randomly assigned to five experimental treatments. A positive
control feed (PC) was formulated to contain the recommended levels of energy and nutrients. A
basal negative control feed (NC) was formulated to contain 0.12% of available phosphorus (avP)
and reduced energy and nutrients in comparison with PC feed. Phytase was supplemented in the
NC feed at 300, 600, and 900 FTU/Kkg of feed. The responses evaluated were performance, egg
quality, body composition, and tibia composition. Data were analyzed by a two-factor repeated
measure analysis and orthogonal and polynomial contrasts were applied to investigate the
responses of laying hens with 5% probability. Overall, the feed intake, rate of lay, and egg mass
were affected by the reduction in dietary avP (P<0.05), and the crescent levels of phytase
supplementation recovered those responses. Laying hens consuming the NC feed with 900 FTU of
phytase produced more eggs per hen-housed and marketable eggs. The body composition was not
affected by dietary avP reduction (P>0.05). During the first 12 weeks of trial, the performance of
hens in the negative control treatment was severely affected and phytase supplementation was
efficient in minimizing those effects. The supplementation of 900 FTU of phytase is recommended
to improve the number of eggs produced per hen-housed and the number of marketable eggs
produced through 23 to 72 weeks of age.

Keywords: egg production, available phosphorus, phytic acid, egg quality, phytate
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INTRODUCTION

The cereal grains used to feed the animals contains phytic acid, or 1,2,3,4,5,6-hexakis (di-
hydrogen phosphate) myo-inositol phosphate (Maga, 1982), which is the primary storage source
for phosphorus in plants (Reddy et. al, 1982). The phytic phosphorus, is a terminology used to
name the phosphorus attached to a phytic acid (Angel et al., 2002). For poultry, phytic phosphorus
has low availability due to a lack of endogenous enzyme to release the phosphorus from phytic
acid (Maenz and Classen, 1998). To avoid a phosphorus deficiency in growing birds and laying
hens, inorganic phosphorus (e.g., mono and dicalcium phosphate) is usually added to the feed
formula. However, feed ingredients abundant in inorganic phosphorus are finite and concerns arose
about the use of non-renewable sources of phosphorus, which may lead to a lack of phosphorus
supply in the future (Abelson, 1999, Mullaney et al., 2000; Kisinyo e Opala, 2020). Furthermore,
strategies that allow proper use of phosphorus from feed needs to account for the real necessity of
phosphorus by the animal. The recommendation of available phosphorus (avP) for laying hens is
somewhere between 0.24 and 0.35% (NRC, 1994; Rostagno et al., 2017), depending on factors
such as the current body state, feed intake, and egg production.

To minimize the inorganic phosphorus usage as a primary source for phosphorus in poultry
production, it is quite common to supply poultry feeds with exogenous phytase, which releases the
phosphate groups from phytic acid by hydrolyzing the phospho-ester bounds (Adeola and
Cowienson 2011). The supplementation of exogenous phytase for poultry is well documented in
the literature (Selle e Ravidtran 2007) and the benefits of doing so might go beyond the simple
increase in phosphorus availability (Nelson et al 1971) because the phytic acid and its low-esters
have antinutritional properties that can be minimized or avoided with the use of exogenous phytase

(Beeson et al., 2017). While the effects of phytase supplementation are well documented for
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broilers (Bedford et al. 2017; Sommerfeld et al 2018), there is still room for investigation regarding
laying hens. The supplementation of 300 FTU/kg of feed for laying hens is a common practice
among nutritionists (Dersjant-Li et al., 2015). However, recent studies demonstrate that higher
doses of phytase could increase the release of phosphorus from phytic acid and, consequently,
reduce the phosphorus excretion to the environment (White et al., 2016), an important feature that
might be attributed to phytase and used in countries where the soil has phosphorus in excess.

In the context aforementioned, the supplementation of phytase in poultry feeds is
recommended, but more investigation is necessary to better elucidate the extra-phosphoric effects
of phytase. Inside the intestinal tract, the phytic acid molecule can complex with Ca and produce
insoluble salts, reducing the availability of both Ca and P (Hamdi et al., 2015). This is particularly
important for laying hens since their feeds contain around four times the amount of Ca compared
with a broiler feed (Rostagno et. al, 2017). Furthermore, because of the physical properties of
phytic acid and its lower-esters, it can attach to amino acids and ions, reducing nutrient digestibility
(Kornegay,1996). The supplementation of phytase minimizes the use of inorganic phosphorus and
reduces the antinutritional factors of phytic acid, but the literature about high doses of phytase
supplementation for laying hens are still inconclusive (Skiivan et. al., 2018; Javadi et al 2021). The
objective of this study was to evaluate the performance, egg quality, and body composition of
laying hens submitted to an inorganic phosphorus-free diet, supplemented with crescent levels of

phytase from 23 to 72 weeks of age.

MATERIAL AND METHODS

Ethics Approval
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All experimental procedures were approved by the Institutional Animal Care and Use Committee

of the Sao Paulo State University (CEUA) under the protocol n° 5356/20.

Animals, housing and experimental design

The trial was performed in the Poultry Science Laboratory at S&o Paulo State University, UNESP-
Jaboticabal, Sao Paulo, Brazil. Five hundred and sixty Hy-Line W80 pullets at 17 w-old were
obtained from a breeding company (Granja Mayra). The pullets were allotted in laying cages
located in an environmentally controlled facility and diet with a corn-soybean meal diet formulated
to meet or exceed the nutritional recommendations of Hy-Line W80 management guide (2019). At
23 w-old, hens were individually weighed (1.47 £ 0.066 kg of body weight) and allotted to 140
stainless-steel laying cages (L x W, 50 x 50 cm; 46.5 cm high at the front and 40 cm high at the
back), four layers per cage (experimental unit). Five treatments were randomly assigned to each
experimental unit, performing 28 replicates per treatment. The cage was equipped with individual
trough feeders (L x W x D, 50 x 15 x 9.0 cm), two nipple drinkers, and external egg tray receiver
(L x W x H, 50 x 20 x 6.5 cm). Hens had free access to feed and water ad libitum. The lighting
program was set at 16L:8D and the health status of the birds was daily checked. The average
temperature and humidity recorded throughout the study were 22.2 °C and 79%, respectively. The

trial duration was 50 weeks, with hens starting at 23 w-old and ending at 72 w-old.

Experimental feeds
A positive control feed (PC) was formulated to meet or exceed the nutritional recommendations of
Hy-Line W80 management guide (2019). To include the phytase, a basal feed named negative

control (NC) was formulated without inorganic phosphorus ingredients and with reduced energy
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and nutrients in comparison to PC feed. The reductions included 75 Kcal/kg for metabolizable
energy and 0.23, 0.20, 0.02, and 0.81 percentual points of available phosphorus (avP), calcium,
sodium, and crude protein, respectively; and the essential amino acids by up to 0.04 percentual
points (Table 1). Crescent levels of a Buttiauxella sp 6-phytase expressed in Trichoderma reesei
(Axtra® PHY GOLD, Danisco Animal Nutrition & Health, IFF, Leiden, The Netherlands) were
supplemented in the NC feed (0, 300, 600, and 900 FTU/Kkg of feed). One phytase unit (FTU) is
defined as the amount of enzyme which releases one pmol of inorganic phosphate per minute from
sodium phytate at pH 5.5 and 37 °C (Engelen et al., 1994). All experimental feeds were offered to

hens as mash.

<|Insert Table 1 here>

Experimental feeds were chemically analyzed for dry matter, gross energy, protein, total
phosphorus, calcium, phytic acid, and phytase activity. For dry matter content, samples were dried
for 16 h in a conventional oven at 105 °C (AOC method 920.39). The energy content was
determined using an adiabatic bomb calorimeter (IKA® Werke, C7000, GMBH and CO., Staufen,
Germany). The Kjeldahl procedure (Foss Kjeltec 8400. AOAC method 2001.11) was used to
quantify the nitrogen content, which was multiplied by 6.25 to obtain the crude protein content.
Calcium was measured using the flame atomic absorption method in the Perkin ElImer 5000 atomic
absorption spectroscope (method no. 968.08D). Total phosphorus was determined by a vanadate-
molybdate method after ashing dry samples at 550 °C (Gomori, 1942). The phytic acid in the
experimental feeds was determined according to Analytical Biochemistry (1977). Briefly, sample

aliquot was extracted with Na2SO4 solution overnight and then phytic acid was precipitated with
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FeCl3. The precipitant was ashed, and the phosphorus content in the precipitate was determined by
ICP-OES method. The phytase activity was determined by a molybdate/vanadate colorimetric

method (Danisco Animal Nutrition, Leiden, The Netherlands).

Performance and egg quality

The mortality and the total number of eggs were daily recorded, including unusual eggs: abnormal,
crack, soft-shell, no-shell, no-yolk, and double yolk eggs. Every four weeks, feed waste and eggs
were weighed, whereas body weight was measured every eight weeks. The rate of lay (%), feed
intake (g/bird/day), egg mass (rate of lay x egg weight, g), and feed conversion rate (g of feed / g
of egg mass) were corrected by mortality and calculated on a four weekly basis. In addition, the
hen-housed egg production (%) was obtained as the rate of lay without mortality correction and the
hen-day marketable egg production (%) was calculated from the rate of lay by subtracting the
unusual eggs cited above.

Prior to the beginning of the experiment, twelve experimental units per treatment were
selected to assess egg quality. From those replicates, three eggs were randomly collected, every
four weeks, and analyzed using the Nabel Digital Egg Tester 6000® (Kyoto, Japan) for resistance
(kgf), yolk color (16 yolk fan scale), albumen height (mm), Haugh unit and shell thickness (mm).
Albumen, shell, and yolk percentages were calculated by weighing shell and yolk separately.
Before measurement, eggshell was washed with tap water and dried using a forced oven at 55 °C
for 24 hours. The measurements from performance and egg quality variables were averaged in

three phases, 23 to 38, 39 to 54, and 55 to 72 w-old.
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Body composition and tibia analysis

Fourteen hens per treatment were selected to be scanned on a Discovery Wi™ DXA (Hologic-
QDR® model 13.4.2., Marlborough, USA), previously calibrated by a Phantom made of acrylic
and aluminum spine (Kelly et al., 1998). At 55 and 72 w-old, selected hens have fasted for six
hours, and measurements were taken in the afternoon to avoid the feed effect and reduce the chance
of scanning a hen with shelled egg in the oviduct. After the fasting period, the hens were
anesthetized with a dilution of isoflurane (2%) in 100% oxygen. After anesthetized, birds were
examined in horizontal dorsal decubitus, with wings and paws open. The scan was carried out in
the craniocaudal direction, examining the entire area of the bird in high-resolution mode. At each
scan, the device's software was calibrated with information about each animal to be scanned (body
weight and bird length). The exams provided measurements of fat mass (g), lean mass (water +
protein, g), bone mineral content (g), and bone mineral density (g / cm?). From the measurements,
the protein (%) and fat (%) contents were calculated, according to the equations described by Alves
etal. (2019).

At the end of the trial (72 w-old), the same hens once scanned in DXA were euthanized to
collect the right tibia and determine ash, calcium, and phosphorus contents. Before the analysis, fat
was extract from tibia using petroleum ether for four hours in a Soxhlet apparatus (method 930.15
- AOAC, 1995). Then, fat-free tibia samples were kept in a muffle furnace at 600 °C for eight hours
to determine ash content. Calcium was measured using the flame atomic absorption method in the
Perkin EImer 5000 atomic absorption spectroscope (method no. 968.08D). Total phosphorus was

determined by vanadate-molybdate method after ashing dry samples at 550 °C (Gomori, 1942).
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Statistical analysis

Collected data was verified for normality of errors and homoscedasticity by UNIVARIATE and
TRANSREG procedures, respectively, using SAS (SAS Institute Inc., Cary, NC). All response
variables were analyzed as Two-factor repeated measure design to evaluate the effects of dietary
treatment over time, using a mixed model in the MIXED procedure of SAS (SAS Institute Inc.,
Cary, NC). One factor is represented by the five dietary treatments and the other factor is the age
of hens. Each experimental unit was the repeated measures factor. When the treatment effect was
different between phases, LSMEANS statement was used to estimate the means, and orthogonal
contrasts were elaborated to compare PC vs. NC and PC vs. phytase supplementation (NC300 +
NC600 +NC900) within each phase using the CONTRAST statement. The effect of phytase was
evaluated using polynomial contrasts for linear and quadratic effects by CONTRAST statement.
The linear adjustment indicates a constant response rate due to phytase supplementation, while the
quadratic adjustment indicate a reducing/increasing response rate according to increasing levels of
phytase supplementation in the feed. Furthermore, the performance and egg quality responses were
averaged to represent the whole experimental period (23 to 72 w-old). The performance and egg
quality for the whole period and tibia variables were analyzed with One-Way ANOVA in the GLM
procedure of SAS (SAS Institute Inc., Cary, NC). For tibia variables, the laying hens body weight
was used as a covariable. Means were estimated with LSMEANS statement and compared by
Tukey’s range test. Differences were considered to be significant at P < 0.05, and trends were

reported at 0.05 <P <0.10. All response variables given in the tables are least-squares means.
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RESULTS
The phytase activity measured in each feed were 290, 313, 569, 770, and 1038 FTU/kg of
feed, respectively for PC, NC, NC300, NC600, and NC900. Those results indicate a presence of
endogenous phytase on PC and NC feeds, which is an intrinsic trait of feed ingredients used, and
the inclusion of exogenous phytase was about the calculated levels for this study. In this study, the
higher mortality was observed inside the NC group and the cumulative mortality was

approximately 1.79, 2.68, and 8.93% respectively at 38, 54, and 72 w-old.

Hen performance and egg quality
There was interaction (P<0.05) between dietary treatments and the age of hens for all performance

variables (Table 2).

<Insert Table 2 here>

For feed intake, differences (P<0.05) between groups were observed in the first (23 to 38
w-old) and second (39 to 54 w-old) periods evaluated; however, no differences (P>0.05) were
observed between PC and NC groups. The supplementation of phytase linearly increased feed
intake for the first and second periods (P<0.05) and no difference was observed for the third period
(P=0.157). The rate of lay was different (P<0.05) between groups for the first and second periods,
while the difference between PC and NC groups was observed only in the second period (P<0.05).
On average, the inclusion of phytase tended (P=0.064) to increase the rate of lay in the second
period. The hen-housed egg production was affected in the second and third periods (P<0.05),

while marketable eggs was affected in all periods evaluated (P<0.05). The contrasts demonstrate
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that these variables were mainly affected in the second and third period and phytase
supplementation was efficient to recover these responses. The supplementation of phytase showed
a linear tendency so that for marketable eggs in the first period the contrast (PC vs Phytase) showed
that the phytase group exceeded the production of marketable eggs compared to the control group.
In the other periods there was no significant difference. Egg weight was not affected by feed
treatment (P>0.05). The egg mass and feed conversion were affected (P<0.05) in the second period
and the contrasts indicate a difference between PC and NC feed at the same age. The
supplementation of phytase was efficient to recover egg mass (P>0.05). For egg quality and egg
components (Table 3), there was interaction (P<0.05) for yolk color and eggshell weight. The hens
consuming the NC feed produced eggs with higher values of yolk color (P<0.05), in contrast with
PC feed, for the first and second periods. There was a tendency (P=0.089) to reduce the eggshell

weight of laying hens consuming the NC feed.

<Insert Table 3 here>

For the whole period (Table 4), egg weight and feed conversion rate were the only variables
not affected by dietary treatments (P>0.05). Overall, the differences observed were between hens
consuming the PC and NC feeds and the supplementation of phytase recovered the responses. The
inclusion of 300 FTU/kg of phytase seems to slightly improve the marketable eggs, whereas the
inclusion of 600 and 900 FTU recovered those responses in such a way that hens in those groups
were statistically different from hens in the NC feed without phytase supplementation. However,

for egg mass the inclusion of 300 and 600 FTU/kg of phytase seems to slightly improve, whereas
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the inclusion of 900 FTU recovered those responses and hens in those groups were statistically

different from hens in the NC feed without phytase supplementation.

<Insert Table 4 here>

Body composition and tibia analysis

There were interactions (P<0.05) for bone mineral density and for body ash content between
treatments and age (Table 5). However, there was no difference between treatments inside each
period evaluated (P>0.05); thus, the variation observed seems to be related with the response
behavior of each group over the time. For example, the Bone Mineral Density of hens in the NC
and NC600 groups reduced with time, whereas hens in the other groups demonstrate a numerical
increase of these variable, which may be responsible for the interaction observed. The body ash
between treatments had a tendency (P=0.090) for a difference in the first period evaluated (33 w-

old).

<Insert Table 5 here>

There was no difference in tibia ash content between treatments, but a tendency (P=0.072)

is observed (Table 6). The value of ash was lower for hens consuming the NC feed, and phytase

supplementation seem to recover this response variable.

<Insert Table 6 here>
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DISCUSSION

In this discussion, there will be no distinction between avP and non-phytic phosphorus
(nPP); therefore, the values obtained in this study is argued against literature, even though the scale
might change from avP to nPP. This paper deals with phytic phosphorus utilization and the benefits
of increasing levels of a phytase supplementation for laying hens given an inorganic phosphorus-
free diet. To our knowledge, this is the first study to demonstrate the responses of modern laying
hens consuming a low avP feed (0.12%) during 50 weeks, covering the peak and post-peak of egg
production. The constant search to improve nutrient usage has led to the development of new feed
technologies, such as the production of exogenous enzymes, of which phytase is the most
successful one. Partially because non-ruminant animals have a reduced capacity for phytase
production (Wodzinski and Ullah, 1996), but also because exogenous phytase, generally produced
by transgenic microorganisms, successfully catalyzes the hydrolyses of phytic acid in the animal's
gastrointestinal tract, increasing phosphorus availability and reducing the antinutritional factor of
phytate, producing the extra-phosphoric effects of phytase (Cowieson et. al., 2011).

The recommendations of avP for a white laying hen consuming 105 g of feed per day are
cited to be around 0.35% by Rostagno et a. (2017) and 0.24% by the NRC (1994). In this study,
laying hens diet with NC feed containing 0.12% of avP were clearly affected. Gordon and Roland
(1998) demonstrated that eggshell weight and egg production were negatively affected when Hy-
line W36 hens were diet a diet containing 0.10% of nPP for 6 weeks; they also reported that phytase
supplementation recovered those responses. A similar result was observed herein, where the hens
consuming a feed with 0.12% of avP with phytase recovered their performance in comparison to
hens consuming a feed with 0.35% of avP. However, the performance and egg quality responses

of laying hens consuming the NC feed improved with age, which raises a question about the real
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requirement of those hens and the adaptability to a deficient feed. In this study, the supplementation
of 900 FTU/kg of feed elicited the best results for hen-housed egg production and marketable eggs.
Those results might be associated with the low mortality observed in the group of hens consuming
the feed supplemented with 900 FTU of phytase (0.00, 0.00, 2.68% at the cumulated ages of 23-
38, 23-54, and 23-72 w-old). The hen-housed egg production is not corrected by mortality, thus, a
reduction in the mortality affected those two response variables. For marketable eggs, unusual eggs
were removed as cited before, affecting the differences between treatment.

Punna and Roland (1999) reported high mortality (55%) for the group of 38 w-old Hy-line
W36 consuming a feed with 0.10% of nPP without phytase. The inclusion of phytase reduced
mortality to 5%. Similarly, Jalal and Scheideler (2001) using the same strain of hens reported a
mortality of 22% when the hens were diet with 0.10% of nPP, and the supplementation of 250 and
300 FTU/kg of feed improved the feed intake, egg mass, and mortality. The increase in mortality
is clearly related to the low level of available phosphorus, however, the inclusion of phytase in a
phosphorus-deficient feed minimizes or even stopped the mortality in the majority of the studies
reported in the literature. On the other hand, in this study, the mortality observed in the NC group
was lower or slightly higher than those reported in the manual-guide (Hy-line W80) for the ages of
38 (1.79 vs 3.2%), 54 (2.68 vs 5.2%), and 72 w-old (8.93 vs 7.4%); therefore, the negative control
group was maintained in the experiment until the end of the trial.

The literature suggests that a feed with 0.10 to 0.15% of avP supplemented with 300
FTU/kg of feed is sufficient to maintain performance during the egg production cycle. Boling et
al. (2000), demonstrated that laying hens consuming a feed with 0.10% of nPP supplemented with
phytase from 20 to 70 w-old had a comparable performance with hens consuming a regular level

of nPP. The same authors also observed that phytase did not improve the response of hens if
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supplemented in feeds with more than 0.15% of nPP. Wu et al. (2006) demonstrate the benefits of
including phytase in the feed of a Hy-line W36 from 21 to 33 weeks. The authors reported an
increase in egg production and egg mass in laying hens consuming a feed with 0.11% of nPP and
supplemented with phytase which was similar to the hens consuming a feed with 0.38% of nPP. In
our study, the body weight observed for laying hens consuming the NC feed without phytase
supplementation was around 1.58 kg, which is below the target body weight recommended in the
management guide, between 1.59 to 1.71 kg (Hy-line W80, 2019). However, laying hens from NC
feed managed to maintain egg production until the end of the study, at 72 w-old. Keshavarz (2000),
observed a drastic reduction in body weight, egg production, and viability when Babcock B300
hens diet low nPP (0.15, 0.10, and 0.10%) during 30 to 42, 42 to 54, and 54 to 66 w-old,
respectively; however, the inclusion of phytase recovered those variables compared with the
control group. Hughes et al. (2009) reported that white leghorn diet a low nPP feed (0.15%) from
21 to 61 w-old demonstrated a reduction in total egg production, body weight, viability, and an
increase in cracked and broken eggs compared to groups of hens consuming a feed with 0.35% of
nPP, however, the inclusion of 600FTU in the diet recovered those variables compared with the
control group.

A well-documented effect of phosphorus deficiency for birds is the reduction in feed intake
(Adeola, 2010; Rousseau et al., 2016). Phosphorus deficiency is reported to reduce the appetite in
broiler chickens through a complex mechanism involving the gut and hypothalamus hormones
(Aderibigbe et al., 2022). In the present study, feed intake was not affected by low dietary avP;
however, in the first period (23 to 38 w-old), laying hens from NC group consumed 104 g of feed
per day, whereas hens from PC group consumed around 106 g of feed. Even with similar feed

intake, the avP intake for hens in the NC group was around 3-fold lower than hens in the PC group.
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With low phosphorus intake, the plasma phosphate level is expected to reduce, triggering a
metabolic response mostly driven by hormones such as vitamin D. A series of events includes an
increase of phosphorus uptake in the intestine, reduction of phosphorus excretion by kidney and
increase of bone resorption (Tsuchiya and Akihisa 2021). An increase of sodium-phosphate
cotransporter in small intestine was observed in broilers consuming a deficient phosphorus diet
(Aderibigbe et al., 2022). In the present study, similar mechanism would explain why laying hens
from NC group managed to keep producing eggs. The tendency of tibia ash reduction content
observed in this study suggests that hens consuming the NC feed mobilized minerals from bone,
probably to increase the phosphate levels in plasma.

In our study, the dietary treatments did not affect the egg quality but hens consuming the
NC feed produced eggs with a higher value for yolk color. The same result was observed for hens
consuming the feed supplemented with phytase, suggesting that differences were between PC and
NC feeds and not due to phytase supplementation, corroborating with other studies found in the
literature (Jalal et al. Scheideler, 2001, Park et al., 2009, Lucky et al., 2014). In this study, the NC
feed was formulated with 2% more corn compared to PC feed, which may explain the differences
in egg color between these treatments. The pigments in egg yolk occur because of carotenoids
found in the feed, since laying hens do not synthesize those compounds (Stadelman & Cotterill,
1995; Garciaetal., 2002). In the egg yolk, lutein and zeaxanthin are carotenoid pigments, a subclass
of xanthophyll, both considered as the main carotenoids in the egg yolk (Krinsky, 1993; Meléndez-
Martinez, 2022). Those pigments are found in corn, explaining why a corn inclusion of 2% in the

feed formula affected the yolk color.
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CONCLUSION

The phytase used in this study was efficient to recover the performance responses of laying
hens consuming an inorganic phosphorus-free diet with low dietary available phosphorus. The
group of hens consuming a feed supplemented with 900 FTU of phytase produced the best results
for hen-housed egg production and hen-day marketable egg production inside each period
evaluated. The laying hens consuming an inorganic phosphorus-free diet without phytase
supplementation partially overcome the reduction in dietary available phosphorus, recovering feed
intake and performance traits; nevertheless, such recovering takes time (more than 90 days in this

study) which may affect the revenue from an egg production farm.
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Table 1. Ingredient composition and nutrient content of positive and negative control experimental
feeds offered to layers from 23 to 72 weeks of age.

Ingredients (%) Positive Control Negative Control
Corn (7.86%) 49.26 51.36
Soybean Meal (45%) 25.45 21.92
Wheat bran 8.00 9.00
Rice bran 1.50 4.85

Soybean oil 5.39 3.42
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Dicalcium phosphate 1.30 0.00
Sodium Bicarbonate 0.10 0.10
Limestone? 8.15 8.48
Salt 0.35 0.30
Premix Vit + Min? 0.20 0.20
DL-Methionine 99% 0.20 0.18
L-Lysine HCI 78% 0.00 0.04
Choline chloride 60% 0.10 0.10
Inert® 0.00 0.05
Calculated Composition (%)*
Crude Protein 17.0 (17.4) 16.2 (16.2)
ME (Kcal/kg)® 2900 2825
Calcium 3.50 (3.91) 3.30 (3.57)
Available Phosphorus 0.35 0.12
Total Phosphorus 0.60 (0.65) 0.41 (0.47)
Phytic phosphorus 0.25 0.30
Phytic acid (0.96) (1.07)
Sodium 0.18 (0.18) 0.16 (0.17)
Digestible Lysine 0.78 0.75
Digestible Met+Cys 0.67 0.64
Digestible Threonine 0.57 0.54
Digestible Tryptophane 0.19 0.18
Digestible Valine 0.70 0.66
Digestible Arginine 0.97 0.90
Digestible Isoleucine 0.63 0.59
Digestible Histidine 0.40 0.38

1 40% fine limestone (FL<1 mm) and 60% coarse limestone (CL>3mm).

2Content/kg of premix: 6.34 mcg retinol activity equivalent; cholecalciferol = 63.86 mcg; a-tocopherol = 14.87 mg; menadione =
1.8 mg; thiamine = 2.00 mg; riboflavin = 4.50 mg; pyridoxine = 2.50 mg; folate = 2.00 mg; niacin = 30.00 mg; calcium pantothenate
=11.74 mg; folic acid = 0.75 mg; biotin = 0.01 mg; iron = 43.44 mg; copper = 8.56 mg; manganese = 56.0 mg; zinc = 43.45 mg;
iodine = 0.56 mg; selenium = 0.34 mg.

3Sand was used as the inert. Phytase was supplemented in substitution of the inert in the concentration of 36 g/ton for 300 FTU, 72
g/ton for 600 FTU, and 108 g/ton for 900 FTU per kg of feed.

“Values between parenthesis are analyzed.

5Gross energy analyzed were 3882 and 3829 kcal/kg of feed for positive and negative controls, respectively
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Table 2. Feed intake, egg production traits, and feed conversion of white laying hens consuming a feed with recommended (positive
control, PC) or reduced in nutrients (negative control, NC) supplemented with 300 (NC300), 600 (NC600), or 900 (NC900) FTU
of phytase in three sequential periods.

Age Treatments P-value
' NC30 SEM! . Period x  Treatment Contrast®
weeks PC NC 0 NCB00  NC300 Period  Treatment Treatment  (Period)> PCvsNC PCvsPhy Polynomial
Feed Intake, g/day
2310 38 106 104 107 107 107 0.055 0.009 0.109 0.104 Linear**
39to 54 108 109 110 111 111 0.059 <0.0001 0.014 0.006 0.001 0.628 0.001 Linear**
55to0 72 108 109 109 110 110 0.039 0.157 - - -
Hen-Housed Egg Production, %
23t038 96.2 95.3 97.7 97.2 98.3 0.053 0.319 - - -
39to54 964 92.8 97.0 96.1 98.7 0.096 0.031 0.002 0.004 0.021 0.491 Linear**
55t072 930 905 928 948 956 0089  <0-0001 0.011 0095 0276  Linear**
Hen-Day Egg Production, %
2310 38 97.8 97.4 98.4 98.3 98.3 0.020 0.040 0.219 0.119 Quadratic*
39to 54 98.9 96.2 98.1 98.1 98.8 0.049 <0.0001 0.000 <0.0001 <0.0001 <0.0001 0.064 Quadratic*
55to0 72 95.7 95.4 95.6 97.0 96.2 0.029 0.203 - - -
Hen-Day Marketable Egg Production, %
23t038 95.0 94.9 96.6 96.5 96.5 0.040 0.005 0.910 0.003 Linear*
39to54 984 94.7 97.7 97.4 98.3 0.069 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001 0.237 Linear***
55t072 95.1 93.6 934 95.2 95.5 0.043 0.003 0.038 0.539 Linear***
Egg Weight, g
23t038 59.9 59.5 59.9 60.2 60.4 0.015 0.382 - - -
39to54 635 63.5 63.0 63.6 64.1 0.017 <0.0001 0.324 0.006 0.168 - - -
55t0 72 65.5 65.5 64.7 65.0 65.8 0.020 0.131 - - -
Egg Mass, g
23t038 58.3 57.8 59.0 59.2 59.4 0.029 0.104 - - -
39t054 622 608 618 62.3 63.2 0.040  <0.0001 0.035 0.001 0.001 0.016 0.563  Linear***
55t0 72 62.7 62.4 62.2 63.4 63.7 0.029 0.103 - - -
Feed Conversion, g / egg mass
23to38 182 1.80 1.82 1.82 1.81 <0.0001 0.922 - - -
39to54 1.74 1.79 1.77 1.79 1.76 0.001 <0.0001 0.5742 <0.0001 0.015 0.005 0.011 -
55t072 1.76 1.77 1.78 1.78 1.75 0.001 0.421 - - -

ISEM is pooled standard errors of the mean.

2p-value for the effect of treatment inside the period evaluated.

3Ortogonal contrast between positive control and negative control (PCVSNC), and positive control and phytase (PCVSPhy) groups. Polynomial contrast considering the crescent levels of
phytase supplementation: NC, NC300, NC600, and NC900, where, *P < 0.05, **P < 0.01, and ***P<0.001



47

Table 3. Egg quality* data of white laying hens consuming a feed with recommended (positive control, PC) or reduced in nutrients
(negative control, NC) supplemented with 300 (NC300), 600 (NC600), or 900 (NC900) FTU of phytase in three sequential periods.

Age Treatments P-value
' SEM? . Period x  Treatment Contrast®
weeks PC NC NC300 NC600 NC900 Period  Treatment Treatment (Period)? PCvsNC _PCvsPhy _Polynomial
Albumen height, mm
23t038 8.85 8.83 8.87 8.92 9.10 0.005 - - - -
39to54 899 8.98 8.86 8.85 8.97 0.003 <0.0001 0.535 0.136 - - - -
55t072 851 8.36 8.24 8.41 8.54 0.005 - - - -
Yolk Color
23t038 2.04 272 3.15 3.05 3.22 0.022 <0.0001 <0.0001 <0.0001 Linear*
39to54 243 282 2.55 2.79 2.57 0.008 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  0.004 -
55t072 4.17 4.13 412 4.14 4.08 0.001 0.783 - - -
Haugh unit
23t038 944 948 94.5 94.2 94.8 0.011 - - - -
39to54 937 937 93.2 93.1 93.6 0.013  <0.0001 0.786 0.114 - - - -
55t072 90.8 89.9 89.4 90.5 90.9 0.028 - - - -
Breaking strength, kgf
23t038 5.06 4.87 5.10 5.10 5.02 0.004 - - - -
39to54 491 446 476 4.82 4.92 0.008  <0.0001 0.123 0.102 - - - -
55t072 434 426 427 4.39 4.36 0.002 - - - -
Eggshell thickness, mm
23t038 0.379 0.374 0.384 0.384 0.374 <0.0001 - - - -
39to54 0.361 0.354 0.357 0.362 0.360 <0.0001 <0.0001 0.433 0.052 - - - -
55t072 0.356 0.361 0.359 0.361  0.356 0.000 - - - -
Yolk Weight, ¢
23t038 147 151 15.1 15.2 15.2 0.009 - - - -
39to54 172 176 17.4 17.4 17.4 0.006  <0.0001 0.425 0.123 - - - -
55t072 18.1 183 18.0 18.0 18.1 0.005 - - - -
Shell Weight, g
23t038 578 5.82 5.89 5.95 5.83 0.003 0.238 - - -
39to54 6.06 5.87 6.01 6.07 6.03 0.004  <0.0001 0.864 0.001 0.089 - - -
55t072 6.08 6.16 6.09 6.04 6.08 0.002 0.669 - - -
Albumen Weight, g
23t038 39.1 393 39.5 39.5 39.7 0.010 - - - -
39to54 404 399 39.9 40.0 40.7 0.016 <0.0001 0.680 0.060 - - - -
55t072 414 411 41.1 40.4 41.7 0.022 - - - -

ISEM is pooled standard errors of the mean.
2p-value for the effect of treatment inside the period evaluated.
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30Ortogonal contrast between positive control and negative control (PCVSNC), and positive control and phytase (PCvsPhy) groups. Polynomial contrast considering the crescent levels of
phytase supplementation: NC, NC300, NC600, and NC900, where, *P < 0.05, **P < 0.01, and ***P<0.001.
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Table 4. Performance and egg quality responses! of white laying hens consuming a feed with

recommended (positive control, PC) and reduced in nutrients (negative control, NC) supplemented

with 300 (NC300), 600 (NC600), or 900 (NC900) FTU of phytase from 23 to 72 weeks of age.

Response Variables PC NC NC300 NC600 NC900 SEM?  p-value
Body Weight, g 16522 1589° 1627¢ 1639° 1642¢ 1.095 <0.0001
Feed Intake, g/day 1078 1078 108? 109? 110? 0.045 0.016
HHEP, % 97.9% 96.5° 97.52 98.0% 97.52 0.026 <0.0001
HDEP, % 98.0° 96.8° 97.6% 98.0* 97.82 0.023 <0.0001
HDEP, Marketable % 96.9% 94.9° 95.8% 96.3% 96.82 0.037 <0.0001
Egg Weight, g 63.0 62.9 62.6 63.0 63.5 0.014 0.289
Egg Mass, g 61.4% 60.6° 61.0%® 61.6% 62.22 0.027  0.021
Feed Conversion, g/g 1.76 1.78 1.78 1.78 1.77 0.001  0.375
Albumen height, mm 8.73 8.72 8.66 8.73 8.87 0.003 0.487
Yolk Color 2.95P 3.242 3.282 3.342 3.292 0.007 <0.0001
Haugh unit 92.8 92.8 92.2 92.6 93.0 0.015 0.559
Breaking strength, kgf 4.76 4.59 4.70 4.76 4.83 0.004 0.132
Eggshell thickness, mm 0.364 0.363 0.366 0.366 0.363 0.001 0.721
Yolk Weight, g 16.7 17.0 16.9 16.9 16.9 0.005 0.408
Shell Weight, g 5.98 5.95 5.99 6.02 5.98 0.001 0.879
Albumen Weight, g 40.3 40.1 40.2 40.0 40.7 0.013 0.686

!Means with no common letters in the same row differ by Tukey’s test at 5% probability.

2SEM is pooled standard error of the mean.
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Table 5. Body weight!, body composition, and bone mineral density of white laying hens consuming a feed with recommended
(positive control, PC) or reduced in nutrients (negative control, NC) supplemented with 300 (NC300), 600 (NC600), or 900
(NC900) FTU of phytase at 33 and 53 weeks of age.

Treatments SEM? P-value
Age, A Treatment Contrast*
weeks  PC  NC  NC300 NC600 NC900 Age Treatment _ 7\9°% - TFERUNEN _
Treatment  (Age)®  PCvsNC PCvsPhy Polynomial

Body Weight, g

33 1660 1611 1663 1655 1675 1.091 0.009 - - -

53 1671 1606 1643 1652 1653 1.219 0323 0.014 0.926 0.259 - - -
Body Protein, %

33 17.0 175 16.7 16.8 16.6 0.015 0.223 - - -

53 17.1 17.4 16.8 17.2 16.8 0.011 0.239 0.274 0777 0.551 - - -
Body Water, %

33 61.8 62.4 61.6 61.7 61.5 0.016 0.173 - - -

53 61.9 62.3 61.7 62.0 61.7 0.012 0.287 0.189 0.918 0.465 - - -

Body Fat, %
33 17.6 16.3 18.3 17.7 18.7 0.041 0.140 - - -
53 16.8 16.5 17.9 17.1 17.9 0.028 0.121 0.184 0821 0.536 - - -
Body Ash, %
33 3.38 342 3.35 3.44 3.28 0.003 0.090 - - -
0.042 0.656 0.002
53 3.47 3.37 3.44 3.37 3.41 0.002 0.381 - - -
Bone Mineral Density, g/cm?
33 0147 0143 046 0153 0.141 <0.0001 0.169 - - -
0.602 0.400 0.004
53 0.149 0.138 0.148 0.144 0.147 <0.0001 0.223 - - -

!Body weight was collected from the same hens and in the same day of DXA scanning.

2SEM is pooled standard errors of the mean.

3p-value for the effect of treatment inside the age evaluated.

“Ortogonal contrast between positive control and negative control (PCvsNC), and positive control and phytase (PCvsPhy) groups. Polynomial contrast considering the crescent
levels of phytase supplementation: NC, NC300, NC600, and NC900, where, *P < 0.05, **P < 0.01, and ***P<0.001
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Table 6. Content of ash, calcium, and phosphorus in the tibia of white laying hens consuming a
feed with recommended (positive control, PC) and reduced in nutrients (negative control, NC)
supplemented with 300 (NC300), 600 (NC600), or 900 (NC900) FTU of phytase at 72 weeks of
age.

Treatments SEM!  P-Value
PC NC NC300 NC600 NC900
Ash, % 59.0 56.9 58.4 58.6 58.7 0.174 0.072
Ca, % 37.3 37.7 37.4 36.5 37.2 0.017 0.355
P, % 16.7 16.8 16.8 16.8 16.9 0.003 0.790

ISEM is pooled standard errors of the mean.
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CAPITULO 3 - IMPLICACOES

A enzima fitase hidrolisa o fitato dos graos de cereais usados nas dietas de aves
liberando o fésforo complexado nessa molécula. Apesar do uso de enzimas exdégenas,
existe uma grande parte do fésforo que ndo consegue ser aproveitado pelos
monogastricos o que reforgca a necessidade de desenvolver estratégias nutricionais para
aumentar a eficiéncia do uso desse mineral e, consequentemente, dietas com menores
niveis de fésforo disponivel poderiam ser formuladas atendendo a necessidade da ave.

Os niveis de fosforo disponivel para galinhas poedeiras recomendado nos guias
nutricionais apresentam margens de seguranca consideraveis. Nesse sentido, foi
observado que as galinhas alimentadas com um nivel abaixo das margens de seguranca
(0,12% de fosforo disponivel) e suplementadas com altas doses de fitase sdo capazes
de manter a producéo de ovos permitindo reduzir o custo da racdo quando comparada
com dosagens comerciais da enzima.

De acordo com um estudo econdémico realizado, foi possivel observar que no
periodo de 23 a 72 semanas as aves que receberam a dieta com 900FTU obteve o melhor
retorno sobre o custo de alimentacao por ave alojada evidenciando que a utilizacéo de
altas doses de fitase proporciona maior numero de ovos e de melhor qualidade. Quando
analisamos cada periodo (23 a 38, 39 a 54 e 55 a 72 semana de idade) o retorno
econdmico é observado apds o segundo periodo. Estes resultados sdo esperados pois
as reservas corporais sdo capazes de auxiliar nas necessidades destes minerais durante
as primeiras fases de postura, no entanto, em periodos longos de postura, se faz
necessario um melhor aproveitamento dos minerais da racao permitindo um impacto
somatorio na utilizacdo da fitase em periodos longo do tempo levando a uma melhora
nos resultados de desempenho.

Ha um interesse da fitase em melhorar o desempenho produtivo suplementada em
niveis mais altos dos preconizados. O nivel de fosforo total da ragdo e o limite de
liberacdo de fosforo pelas enzimas devera ser compativel com os limites de absorgéo
intestinal. Conhecer estas informagbes é importante para correlacionar os tipos de

ingredientes nas dietas e o nivel de fitase com a real exigéncia de fosforo para explicar a
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resposta da ave. No presente estudo, uma dieta milho-soja-arroz-trigo sem fonte de
fésforo inorganico diminuiu a produtividade, e a inclusdo de 900 FTU/kg melhorou ou
manteve a produtividade de ovos comercializaveis. Dessa forma, a suplementacédo de
900 FTU/kg de racao demonstrou ser uma alternativa ao uso de P inorganico na dieta de
poedeiras para a manutencdo da producdo de ovos no periodo de 23 a 72 semana de
idade.

Identificou-se a necessidade de pesquisas adicionais para melhor elucidar a
interacao entre absorcéo de fosforo, tipo de dieta e niveis de fitase. Além disso, sabe-se
gue o complexo célcio-fitato pode interferir na acdo da fitase, portanto sugere-se o
desenvolvimento de novas pesquisas em relacdo a suplementacdo de fitase para

galinhas poedeiras, utilizando dietas com niveis reduzidos de calcio.



