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Epigrafe

“Antes do compromisso, hd hesitagdo, a oportunidade de recuar, uma
ineficdcia permanente. Em todo ato de iniciativa (e de criagdo) hd
uma verdade elementar cujo desconhecimento destroi muitas idéias e
planos espléndidos.

No momento em que nos comprometemos de fato, a Providéncia
também age. Ocorre toda espécie de coisas para nos ajudar, coisas que
de outro modo nunca ocorreriam. Toda uma cadeia de eventos emana
da decisdo, fazendo vir em nosso favor todo tipo de encontros, de
incidentes e de apoio material imprevistos, que ninguém poderia sonhar
que surgiriam em seu caminho.

Comega tudo o que possas fazer.

A ousadia traz em si o génio, o poder e a magia.”

Goethe
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Capitulo 1



POLONIO, L.B. Biomassa de Rubrivivax gelatinosuscomo suplemento de racbes para
galinhas poedeiras. 2007. 62f. Dissertacdo (Mestm@m Ciéncia Animal) — Faculdade de
Odontologia e Curso de Medicina Veterinaria, Univesidade Estadual Paulista, Aracatuba,
2007.

Resumo

Os efeitos da adicdo de biomassaRierivivax gelatinosus em dietas de galinhas poedeiras
foram investigados. Sorgo e milho foram utilizadmera formulacdo de racdes basais que
receberam niveis crescentes de biomassa. A biont@stariana aumentou a tonalidade de
vermelho e diminuiu a luminosidade das gemas quaddonada a ambas as racdes basais. Na
racdo a base de milho, 1.500ppm de biomassa fanfioiestes para alcancar a preferéncia do
consumidor, enquanto que, com ragdo a base de, SbEfppm foram necessarios para atingir
0 mesmo objetivo. Galinhas alimentadas com racdasa de milho tiveram consumo de racéo
superior e melhor conversao alimentar que aquélagradas com racdo a base de sorgo, mas
0s niveis de inclusdo da biomassa em ambas asrgsais ndo influenciaram estes parametros.
Durante o periodo experimental ndo ocorreu mogdidiem mudanca no peso das galinhas. As
galinhas alimentadas com racdo a base de milhoranast taxas superiores de producdo de
ovos, peso e massa de ovos que aquelas alimentadasracdo a base de sorgo. Estes
parametros nao foram influenciados pela inclusaaideis de biomassa em ambos os tipos de
racdo. Niveis normais para enzimas séricas e d@aséadestes degenerativas e inflamatorias
nos figados e nos rins das galinhas permitem &dpdo da biomassa para suplementacao de

racoes.

Palavras-chavesCor da gemas de ovos, Preferéncia do consumidsegry@enho



POLONIO, L. B.; PONSANO, E. H. G.; GARCIA NETO, M.; PINTO, M. F. Utilization of
Rubrivivax gelatinosusbiomass to supplement laying hens rations. 2007216 Dissertacao
(Mestrado em Ciéncia Animal) — Faculdade de Odontobia e Curso de Medicina Veterinaria,

Universidade Estadual Paulista, Aracatuba, 2007.

Abstract

The effects of the dietary inclusion divi. gelatinosus biomass in layers rations were
investigated. Sorghum and corn were used for thed@tion of basal rations that received
increasing levels of biomass. The bacterial biomasseased red hues and decreased lightness
of yolks when added to both basal rations. Bionast,500ppm in the corn-based ration was
enough to reach consumers™ preference, while Wghsbrghum-based ration, 7,500ppm were
necessary to reach the same. Hens fed corn-basedsraad superior feed consumption and
better feed conversion than those fed sorghum-beatsahs but the inclusion levels of the
biomass on both basal rations did not influencedhmrameters. No mortality and no change on
layers weight occurred during the experimental qeeriHens fed corn-based rations showed
superior egg production, egg weight and egg mass than those fed sorghum-based rations.
These parameters were not influenced by the irmtulgvels of the biomass on both kinds of
rations. Normal levels for seric enzymes and thseabe of degenerative and inflammatory
lesions in livers and kidneys of hens allow theigaton of the biomass for ration
supplementation.

Key words: Egg yolk color, Consumer preference, Performance
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Introducéao

A aparéncia dos alimentos, principalmente em relag&oloragdo, € uma caracteristica
determinante na aceitacdo dos mesmos pelo consur@Gdmlmente, os consumidores preferem
produtos que apresentam, no momento da compra tuemnsas e uniformes, pois julgam que
sdo saudaveis, frescos, nutritivos e foram prodwszaentro de padrées de qualidade, enquanto
gue alimentos de cores palidas sdo comumenteadjsitpelos consumidores, pois seu aspecto
pode gerar desconfianga, suspeita de deterioraggmesmo, repugnancia (FONTANA, 2003;
LIUFA et al., 1997; NYS, 2000; PONSANO et al.; 2002

Em tempos remotos, ndo havia problemas com a cdlorde produtos de origem animal,
pois os métodos de producdo eram extensivos, cobjetivo de abastecer a propria familia do
criador ou, no maximo, diminutos mercados. Istoaéiqgularmente verdadeiro no tocante a
criacdo de galinhas poedeiras, as quais podianiirmengar por si proprias, e seus habitos
alimentares geravam ovos com gemas de tonalidadelagl aos consumidores habituais
(BOSMA et al., 2003; KLAUI; BAUERNFEIND, 1981; LATGHA, 1990).

No momento em que as pessoas passaram a se can@mtrcidades, os métodos de
producado tiveram de ser adaptados para atendearalegrdemanda por produtos de origem
animal, como os ovos, produto enfocado neste trab&ls aves, entdo confinadas em granjas,
dependiam da dieta fornecida pelos criadores paopcionar ovos com gemas de coloragéo
compativel com a preferéncia do consumidor. Destiand, a responsabilidade por esta tarefa
recaiu sobre os ingredientes da racao, principaknenmilho amarelo, que constitui o cereal
mais utilizado na alimentacdo de aves (LATSCHA, @9MARUSICH; BAUERNFEIND,
1981; PONSANO et al., 2004).

O milho, assim como 0s vegetais, as algas, algurgos e algumas bactérias, apresentam
pigmentos chamados carotendides. Estes sdo respmnpéla diversidade de cores observadas
na natureza, com tonalidades que vao do amareleraeelho. As cores das pétalas de flores,
como margaridas e girassois; de frutas, como morangéssego; de alguns insetos, como
besouros e borboletas; de aves como flamingo a aeamelha; de peixes, como salméo e peixe
palhaco; de crustaceos, como lagosta e camardg,séfw proporcionadas pelos pigmentos
carotendides. A natureza sem o0s carotendides &ema menos colorida e menos bela
(GOUVEIA et al., 1996; HUDON, 1994; WILLIAMS, 1992)

No entanto, 0s animais séo incapazes de produgipigmentos, e precisam ingeri-los na
sua dieta para que produtos de origem animal tenimaancoloracdo adequada. A cor das gemas,
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portanto, depende da presenca de carotendidesetsa diis galinhas e, quanto mais as aves
consumirem alimentos que contenham pigmentos ceioles em sua constituicdo, tanto maior
sera a deposicdo destes pigmentos nas gemas deseowointensidade da sua coloracéo
(AWANG et al., 1992; BAUERNFEIND, 1972; HENCKEN, 98; KLAUI; BAUERNFEIND,
1981, LATSCHA, 1990; MARUSICH; BAUERNFEIND, 1981).

O milho sozinho, porém, nem sempre pode gerar aasag a coloracdo desejada pelos
consumidores, pois seus pigmentos carotendidesnpedéear devido a sua instabilidade. Os
carotendides podem sofrer oxidacdo degradativandepelo do tempo de estocagem do milho,
da temperatura ambiente e da incidéncia de ilurdmaité mesmo os processos de colheita e de
moagem do milho para a producgéo de racao podemroamefer a quantidade destes pigmentos
e prejudicar a absorcdo e deposicdo de caroten@ieles aves nos tecidos corporais, em
particular na gema do ovo (EL BOUSHY; RATERINK, P99YS, 2000).

Com a intencéo de solucionar este problema, vagaquisas tém sido conduzidas com o
objetivo de buscar fontes alternativas de pigmecéostendides a serem adicionadas a racao de
galinhas poedeiras para melhorar a coloracdo daaggeDevido a tendéncia atual para o uso de
produtos naturais, muitas algas, leveduras, vegetanicrorganismos estdo sendo estudados e
recomendados para utilizagdo como suplemento pigmen(AKIBA et al., 2000; BOSMA, et
al., 2003; EL BOUSHY; RATERINK, 1992; FARRAN, 200G60OUVEIA et al., 1996; LIUFA et
al, 1997; PATERSON et al., 2000; PEREZ-VENDRELLakt 2001; PINCHASOV et al., 1992;
PONSANO et al., 2002b; PONSANO et al., 2004; PRABYRAN et al., 2001).

Dentre estas fontes alternativas de pigmentos eradimtes, esta a biomassa de coloracdo
vermelho-parpura produzida pela bactéria fotossaaete Rubrivivax gelatinosus. Esta bactéria
nao patogénica é encontrada em ambientes aquaalos,umidos e efluentes industriais, onde
desempenha uma funcéo primordial na despoluici@gaas residuarias. A biomassa oriunda
do cultivo desta bactéria em efluente de abatedauitola € rica em nutrientes e pigmentos
carotendides, sugerindo sua utilizagdo como suplenpara racdo de galinhas poedeiras com a
intencao de aumentar a pigmentacgéo da cor da ge@dJANO et al., 2002a; 2003; 2004).

O fato deRubrivivax gelatinosus ser um microrganismo com capacidade depuradora de
efluentes e de sua biomassa ser constituida poemtess e pigmentos carotendides significa um
magnifico recurso para a avicultura industrial spmisubstrato para o crescimento da bactéria é
um subproduto poluidor da industria alimenticiag guecisa ser tratado ou eliminado por todas
as industrias de produtos avicolas (PONSANO ep@02a).

A presente pesquisa teve o objetivo de avaliarf@itos da aplicacdo de diferentes niveis

de biomassa da referida bactéria em racdo parahgalipoedeiras quanto a tonalidade das
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gemas, a fisiologia das aves, aos parametros dangesho e a preferéncia do consumidor.
Estes estudos estdo abordados no artigo cientéfizesentado no capitulo 2 da presente

dissertacdo de mestrado.
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Revisao da Literatura

1 Carotendides na natureza

Os carotendides sdo uma classe de pigmentos defiociar natural, de cores amarela,
alaranjada e vermelha. O nome do grupo é devidéatmodos carotendides constituirem o
principal pigmento da cenourBducus carota), um dos primeiros alimentos em que se observou
esta classe de pigmentdSs carotendides constituem o grupo de pigmentoscderéncia
natural mais difundida. Cerca de 600 pigmentosteadides foram isolados e identificados nos
reinos animal e vegetal e a cada ano este nUmearerda com a descoberta de novos pigmentos
(BAUERNFEIND, 1972; GOODWIN, 1986; KLAUI; BAUERNFRID, 1981; LATSCHA,
1990; NYS, 2000).

Universalmente presentes em tecidos vegetais foté8sos, os carotendides também
podem ser encontrados em tecidos nao fotossindédie@lantas superiores, como frutas, pétalas
de flores, polen, raizes, etc., bem como em techimais. Neste caso, eles aparecem como
consequéncia da deposicdo em tecidos-alvos, umgueeas animais sao incapazes de sintetizar
seus proprios carotendides, dependendo totalmentegdstao na dieta para seu suprimento de
pigmentos carotendides (AWANG et al., 1992; BAUERNWD, 1972; BOSMA et al., 2003;
GOUVEIA et al., 1996; HENCKEN, 1992; HUDON, 1994{ KUI; BAUERNFEIND, 1981,
LATSCHA, 1990; LIUFA et al.,, 1997; MARUSICH; BAUERREIND, 1981; NYS, 2000;
PONSANO et al., 2002b; PONSANO et al., 2004; WILMA, 1992).

Aléem de sua variedade e beleza, os pigmentos c@éides executam fun¢des muito
variadas na vida de varios organismos. No reinetabgpor exemplo, os carotendides tém
importancia na fotossintese ao partilhar com aofilaruma funcdo chave no metabolismo de
energia dos vegetais superiores. Esses pigmentososdiderados condutores de energia, pois
absorvem a luz como um tipo de antena, tornam-G&adrs e transferem esta energia capturada
para centros de reacdo, onde a energia da luz vertiola em energia elétrica e, entdo, em
energia quimica, na forma de trifosfato de ade@o@NTP), substancia necessaria para a sintese
de uma variedade de compostos (LATSCHA, 1990).

No reino animal, varias interacdes intra e intgreefficas e modelos de comportamento
sao fortemente influenciadas pela cor, que atuabnal, por exemplo, como um atrativo, uma

adverténcia ou como uma camuflagem, em comunicagdg® uma ampla variedade de
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organismos. A parte destas funcbes sinalizadorasagibcontudo, os carotendides também
realizam uma ampla extensdo de tarefas purameanbdofjicas, atuando como precursores da
vitamina A e participando do desenvolvimento e maai@io gonadal, da fertilizacédo, da gestacao,
da viabilidade e crescimento, particularmente deesee crustaceos e no processo reprodutivo
de uma grande variedade de classes e espéciesignimao por exemplo, aves, bovinos,
equinos e suinos (AMAYA, 1985; BHOSALE; BERNSTEIRQ05; BOSMA, et al., 2003;
GOODWIN, 1986; HENCKEN, 1992; KLAUI; BAUERNFEIND, 981; LATSCHA, 1990;
MARUSICH; BAUERNFEIND, 1981; PEREZ-VENDRELL, et aR001).

Os carotendides séao divididos, quimicamente, emm gloipos: 0s carotenos e as xantofilas.
Os carotenos sdo hidrocarbonetos puros, ou saj#asios consistindo apenas de atomos de
carbono e hidrogénio, sem oxigénio, geralmenteadealaranjada. As xantofilas, por sua vez,
sdo derivadas dos carotenos correspondentes peko ade varias funcbes de oxigénio, de
coloracdo amarela e vermelha, também chamadas ratecdides. Os carotendides mais
adequados para a pigmentacdo sao aqueles contemgfie$ oxigenadas por apresentarem a
capacidade de se depositar nos tecidos animais $8HB; BERNSTEIN, 2005; EL BOUSHY;
RATERINK, 1992; LATSCHA, 1990; LIAAEN-JENSEN, 1978WILLIAMS, 1992;
PONSANO et al., 2004).

2 Carotenoides e os animais

Os carotendides ingeridos pelos animais em suaalagdo sdo absorvidos pelo intestino
delgado, principalmente na area do jejuno-ileo @ pequena por¢do no duodeno, junto com
outros lipideos (EL BOUSHY; RATERINK, 1992; LATSCHA990; NYS, 2000; PEREZ-
VENDRELL et al., 2001).

Os mamiferos, de modo geral, ndo acumulam carotezrosxantofilas. Até o que se sabe
hoje, 0 homem é o Unico entre os mamiferos que w@eumigmentos carotendides em
qguantidades significantes. Em contraste, invertdsamarinhos e terrestres sdo ricos em
carotendides (esponjas, celenterados, equinoderraoscois, crustaceos, insetos), como sao,
também, um grande numero de peixes e aves. As amegeral, absorvem principalmente
oxicarotendides que se acumulam em locais comolea peplumagem, as pernas, 0 tecido
adiposo corporal, o figado e, acima de tudo, a gémavo. Portanto, a coloragcdo amarelo-
alaranjada da gema de ovo nao € sintetizada pkfdh@gamas é proveniente da transferéncia

dietaria e deposito de pigmentos oxicarotendidastffilas) presentes na racdo (AWANG et al.,
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1992; BAUERNFEIND, 1972; BOSMA et al., 2003; GOUVE®t al., 1996; HENCKEN, 1992;
HUDON, 1994; KLAUI;, BAUERNFEIND, 1981; LATSCHA, 1989 MARUSICH;
BAUERNFEIND, 1981; PRABAKARAN et al., 2001; WILLIAN, 1992).

Em animais, os carotendides também exercem vanagdés protetoras. Eles podem,
efetivamente, destruir espécies reativas de oxagéradicais livres) e inibir sua formacdo,
atuando, desta forma, como um antioxidante. Regwnite, foi evidenciada uma importante
funcdo no campo da imunologia veterinaria e huma&ma. frangos, os carotendides podem
fornecer protecdo contra encefalomalacea. Os cHildiEs parecem aumentar a atividade
citotoxica deNatural Killers, diminuir a velocidade de crescimento de tumorgsoenover a
cura de feridas (BHOSALE; BERNSTEIN, 2005; KLAUIABERNFEIND, 1981; LATSCHA,
1990; NYS, 2000).

Evidéncias epidemiolédgicas sugerem que as xargdliletarias podem inibir o comeco de
muitas doengas, tais como aterosclerose, catatatgneracdo macular relacionada a idade,
escleroses multiplas e cénceres. Devido as notjweigriedades antioxidantes e funcdes
relacionadas a saude, as xantofilas constituem uercado mundial multimilionario
(BHOSALE; BERNSTEIN, 2005).

3 Carotendides e pigmentacéo

As cores sao parte integral da experiéncia diaihamem. Ndo é de admirar, portanto,
que as cores também possuam uma importante furEc&alimaria pois, para que um produto
comestivel em particular seja considerado apetitelsodeve apresentar uma determinada cor.
Foi demonstrado, repetidamente, que uma mudangarad coloracdo do alimento, ainda que
sem mudanca no sabor e aroma, pode torna-lo caneate inaceitavel (WILLIAMS, 1992).

Cores fortes e vivas agucam o apetite, aumentaatisfiegao e a apreciacdo do alimento, e
atuam também como um tipo de tempero. Em contrestes parecendo artificiais ddo origem a
desconfianca e rejeicdo. Dos diferentes critérimgjolalidade, a cor é, portanto, um dos mais
importantes, embora freqlientemente subestimad@ofEn#&o é coincidéncia que extratos de
gréos e plantas tais como péaprica, acafrdo, cenpureenta e outros tenham sido usados por
séculos para refinar alimentos em todo o mundo {L&3A, 1990).

Para a maioria dos consumidores, poucas propriedbmealimentos sdo mais importantes
do que a cor. Quando determinado produto se ajjeesem a coloracédo esperada, a resposta do

consumidor € agradavel, porém, quando o alimentautea coloracdo inesperada, o consumidor
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torna-se cauteloso e interpreta-a como um possiaal de imaturidade, de deterioracdo, de
processamento inapropriado ou adulterado. A cdoralp alimento influencia na deciséo de
compra do produto. Em adi¢cdo, ha uma conexdo entre saude onde, normalmente, ha um
instinto de rejeicdo por alimentos de origem aniqued se apresentam palidos. Cores naturais e
brilhantes ddo impressao de um alimento de althdai®, sadio e nutritivo (FONTANA, 2003;
GOUVEIA et al., 1996; KLAUI; BAUERNFEIND, 1981, LASCHA, 1990; LIUFA et al.,
1997; NYS, 2000; PONSANO et al.,, 2002b; PONSANO att 2004; SUNDE, 1992;
WILLIAMS, 1992).

No intuito de atender as exigéncias dos consunsderalas industrias produtoras de
alimentos, os produtores de aves adicionam coraggealmente sintéticos, as dietas de galinhas
poedeiras para melhorar a atratividade de ovosus geodutos (AWANG et al.,, 1992;
BAUERNFEIND, 1972; BOSMA et al., 2003; HENCKEN, 189

Pigmentos ou corantes sdo termos que designam stwspque, quando presentes na
matéria-prima ou adicionados as ragfes, tém untoeferante nos tecidos dos animais como
pele, gordura e musculo, ou seus produtos tais @vo®, manteiga e queijo (BAUERNFEIND,
1972; LATSCHA, 1990; MARUSICH; BAUERNFEIND, 1981).

O grupo de corantes alimentares mais difundidoepee a familia dos carotendides, os
guais estdo naturalmente presentes em vegetaisy ¢atas, grdos de cereais, alimentos
marinhos e laticinios. Em animais, a presenca de#eas@ides é responsavel, por exemplo, pela
cor do peixe dourado, do camarao, dos canarios #atoingos (WILLIAMS, 1992).

Por isso, além da ampla extensdo de funcbes figoal$, os carotendides também
influenciam a aparéncia, isto é, a coloracdo detasyprodutos usados pelo homem como
alimento. Ultimamente, a principal significancia sdearotendides € sua utilidade como
pigmentante natural adicionado a racdo de animaia plevar a qualidade da aparéncia de
muitos alimentos de origem animal, tais como oVddAYA, 1985; BAUERNFEIND, 1972;
HENCKEN, 1992; LATSCHA, 1990).

4 Pigmentacao da gema de ovos

Os ovos sao uma rica fonte de nutrientes vitaipoe,isso, sdo comumente usados na
alimentacdo humana. O grau de pigmentacédo das geam@asos depende basicamente do desejo
do consumidor e varia com a area geografica, #ade cultura. Em paises como Alemanha,

Franca (regido Sul), Paises Baixos, Espanha, ,ItBésu, Colébmbia, Israel, Suica, Ceildo,
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Australia, Nova Zelandia, Irlanda do Norte, Afrida Sul, Estados Unidos (regiio Nordeste),
México e Bélgica, gemas de coloracdo mais alaranjsdlo preferidas (EL BOUSHY;
RATERINK, 1992; GOUVEIA et al., 1996; MARUSICH; BAERNFEIND, 1981; NYS, 2000;
PRABAKARAN et al., 2001; SUNDE, 1992). No Norte &aanca, no Sul da Inglaterra e na
Finlandia, os consumidores preferem gemas de @dloratermediaria, enquanto que na Irlanda,
no Norte da Inglaterra e na Suécia, a preferén@arégemas de cor palida (SUNDE, 1992,
NYS, 2000). No Brasil, consumidores de algumas desjipreferem gemas de ovos bem
pigmentadas (PONSANO et al., 2002b; 2004), havetidoencas de preferéncia entre regides
metropolitanas e interioranas. Em muitas &reasateado ao redor do mundo, consumidores e
industrias que produzem alimentos contendo ovoswarformulacdo (maionese, misturas para
bolos, produtos de confeitaria, massas, e outnef¢negm gemas de ovos fortemente coloridas,
sendo dificil resistir ou ignorar essa tendénciftucal e comercial (AKIBA et al., 2001,
BAUERNFEIND, 1972; EL BOUSHY; RATERINK, 1992; MARUGH; BAUERNFEIND,
1981; PONSANO et al., 2002b; WILLIAMS, 1992).

Com o advento da industrializacdo e dos grandescasanos campos da medicina e da
higiene no inicio do século XIX, uma mudanca fundatal nas estruturas sociais comecou a se
desenvolver. O resultado foi a migracdo da popolagial e a concentracdo de setores
industrializados da sociedade em cidades, um awnexmonencial sustentado da populagéo e,
em consequéncia, uma mudanca fundamental na Studeasuprimento de alimentos. A
pequena propriedade rural foi substituida pelo eemimento agricola racionalizado focado na
maximizacdo da producao, visando suprir as necessdda populagdo crescente com produtos
essenciais, particularmente, proteina animal (LARSC1990).

Na época de producdo extensiva de aves, a pigndentigs produtos ndo apresentava
problemas, pois a alimentacdo com milho, o livresao das galinhas a grama verde e a
oportunidade de se alimentarem por si mesmas g@ranma adequada pigmentacao as gemas
de ovos, embora a taxa producéo fosse baixa (BOSWN&A, 2003; KLAUI; BAUERNFEIND,
1981; LATSCHA, 1990; MARUSICH; BAUERNFEIND, 1981).

Atualmente, com os métodos de criacdo intensivgeso da pigmentacao recaiu sobre o
milho amarelo, que nem sempre produz resultadoguades sem a ajuda de quantidades
significativas de corantes provenientes de fonigsreas. Além disso, a selecdo genética de
linhagens animais de alta produgdo com menor iagedt racdo e o uso de dietas com baixo
teor de fibras resultaram em uma ingestdo menoxadofilas para serem transferidas e

depositadas nas gemas que, consequentemente, remramor de coloragdo mais clara
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(BAUERNFEIND, 1972; CHANDRA et al, 1978; KLAUI;, BBERNFEIND, 1981;
LATSCHA, 1990; MARUSICH; BAUERNFEIND, 1981; PONSANE& al., 2004).

Em geral, o uso de racdes ricas em carotenodidede suplementos carotendides na racao,
efetivamente mantém ou aumenta a coloracdo ondéenardes sao limitantes. Estas praticas
tém se tornado o principal meio de conseguir araglm desejada em varios produtos de origem
animal, incluindo gemas de ovos (HUDON, 1994).

5 Carotenoides como suplementos de ragBes animais

Nos ultimos anos, tem havido uma tendéncia paradesprodutos naturais e de baixo
custo, em detrimento ao uso de produtos artifiaaissintéticos para suplementacdo de dietas
animais, com o objetivo de melhorar a coloracdalioeentos. Devido ao fato dos carotendides
serem pigmentos naturais, eles estdo bem adapagkia crescente demanda de grandes grupos
de consumidores para 0 uso de, somente, pigmeatosatréncia natural em racdes e produtos
alimentares. (BAUERNFEIND, 1972; LATSCHA, 1990; POANO et al., 2004; TOYOMIZU
et al., 2001).

Os carotendides mostram pobre estabilidade e dameaite sensiveis a uma ampla
variedade de fatores, tais como luz, oxigénio, as;idbases e calor. Sob tais condicdes, os
carotendides sdo suscetiveis a processos de de@wadaidativa rapida (LATSCHA, 1990;
NYS, 2000).

A taxa de diminuicdo do contetdo de carotendideseata quando a temperatura ambiente
esta elevada. O conteudo de carotendides dos iegtes naturais das ra¢cdes mostra uma
grande variacdo. Entre os grdos, somente o milharedmn e seus subprodutos contém
quantidades mensuraveis destes pigmentos, comratemas representando somente cerca de
10% do total de carotenoides e as xantofilas 908t€rR, o conteddo total de carotendides do
milho amarelo - principal cereal utilizado comoriedjente energético e fonte de xantofilas na
racido para aves - ndo € constante. As condicOesldeita e a moagem podem destruir ou
remover uma porcao consideravel do contetudo deeraiioles. A estocagem do milho por um
ano a 25°C determina perda de 50% do seu contegidixidarotendides. Este fato deve ser
considerado por paises que dependem da importagdoingredientes para racdo
(BAUERNFEIND, 1972; EL BOUSHY; RATERINK, 1992; LATGHA, 1990; MARUSICH,;
BAUERNFEIND, 1981; NYS, 2000).
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Por conta disto, muitas pesquisas tém sido reagapara testar xantofilas de plantas,
algas e leveduras no intuito de obter fontes ataras de carotenodides suplementares de origem
natural para aumentar o conteudo destes pigmematagagdo para aves (AKIBA et al., 2000;
AWANG et al.,, 1992; BOSMA, et al.,, 2003; EL BOUSHRATERINK, 1992; FARRAN,
2001; GOUVEIA et al.,, 1996; LIUFA et al, 1997; MARICH; BAUERNFEIND, 1981;
PATERSON et al., 2000; PEREZ-VENDRELL, et al., 20(BINCHASOV et al.,, 1992;
PONSANO et al., 2002b; PONSANO et al., 2004; PRABYRAN et al., 2001).

Pinchasov et al. (1992) compararam dietas a basglde e soja adicionadas de diferentes
concentracdes cantaxantina sintética (Carophylt Rdché€) e observaram que, aumentando os
niveis de cantaxantina, a pigmentacdo da gema aomda maneira quadratica. Gouveia et al.
(1996) avaliaram o efeito dos carotendides presente biomassa da microalgzhlorella
vulgaris sobre a pigmentacao das gemas de ovos, quand@mcia racdo, com bons resultados.
Liufa et al. (1997) utilizaram farinha de folha Acasia macrorrhiza, rica em xantofilas, na
racao de aves com bons resultados na pigmentagagedsas e boas perspectivas para seu uso
como pigmentante de tecidos e produtos avicolamoBet al. (1999) avaliaram a eficacia
pigmentante de varios oxicarotendides na gema ag otilizando trés fontes dietarias de
oxicarotendides amarelos e duas fontes de cardiendiermelhos combinados em ragfes para
poedeiras e demonstraram a importancia das xadofiermelhas para a geracdo de uma
tonalidade mais pigmentada a gema. Akiba et al0DqR@onduziram dois experimentos para
avaliar o potencial pigmentante da gema de ovos Pbaffia rhodozyma, uma levedura
contendo altos teores de oxicarotenodides em comgiam@om a paprica, uma fonte pigmentante
de ocorréncia natural, e os resultados mostrararagevedura pode ser uma fonte util para o
propoésito almejadoPaterson et al. (2000) testaram a utilizacdo danhfarde folhas de
Calliandra calothyrsus em racdo para galinhas poedeiras e comprovaranutgigiade como
fonte de pigmentacéo dietaria para a producéo ds.Barran (2001) avaliou os parametros de
gualidade de ovos de galinhas poedeiras alimentadas sementes d¥icia sativa e 0s
resultados indicaram que a semente nao foi pregidyara as aves’rabakaran et al. (2001)
adicionaram dois produtos comerciais que conténtoklas derivadas de flores ddarigold
(Tagetes erecta. L) e Pimenta do ChileCapsicum annum. L) na racdo de poedeiras, em
diferentes combinacgdes, para tentar melhorar ansitade da cor das gemas e avaliar seus
efeitos na preferéncia do consumidor, e observaranos consumidores preferiram os ovos de
coloracdo mais intensRonsano et al. (2002a) desenvolveram metodologa@&solamento e
caracterizacdo da bactéria purpura nao sulfur@ghrivivax gelatinosus de efluente de

abatedouro avicola, sugerindo o uso de sua bionmassaplementacdo de racdes para galinhas
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poedeiras. Bosma et al. (2003), estudaram a otg@izaa producdo de flores déarigold
africana Tagetes erecta L.), pois os pigmentos carotendides das flores deatda podem ser
extraidos e utilizados como aditivo alimentar ratypsara colorir gemas de ovos com a
tonalidade alaranjada.

Como resultado de numerosos experimentos com eariatites de carotendides, pode ser
constatado que a cor da gema resulta de deposiefmijvamente ndo especifica, de
oxicarotendides, ou seja, € necessario que o o@idee possua grupos funcionais contendo
oxigénio. Os carotenos, hidrocarbonetos purospodsuem grupos funcionais oxigenados e nao
sdo depositados na gema em quantidade significalisaoxicarotendides sdo depositados nas
gemas dos ovos em proporcéo direta a sua distiibuia racdo, sendo que a taxa de deposicéo
dos carotendides da racdo nos tecidos alvos éncigal fator que determina a eficiéncia
pigmentante dos carotendides (EL BOUSHY; RATERINK992; HENCKEN, 1992,
MARUSICH; BAUERNFEIND, 1981; WILLIAMS, 1992).

6. Producéo de carotendides bacterianos em eflueatedustriais

Dentre as mais diversificadas fontes de pigmernaostendides destacam-se as biomassas
provenientes do cultivo de bactérias purpuras $ibstizantes, pois estes microrganismos
possuem a especial funcdo de depuracdo de agudisaress, e seu crescimento nestas aguas
origina uma biomassa nutritiva. Experimentos focammduzidos por Kobayashi e Kurata (1978),
Balloni et al. (1987) e Ponsano et al. (2002a; BO@D03; 2004) com a obtencédo de bons
resultados na purificacdo de efluentes industrigism da pigmentacdo de gemas de ovos e
carcacas de frangos de corte, devido as muitaag@ms que estes microrganismos apresentam.

A ocorréncia frequente das espécies de bactériagumas fotossintetizantes, como
Rubrivivax sp, em instalacdes de tratamento de aguas residuddaspgjos) e lagoas aponta para
a possibilidade de aplicacdo planejada deste ng@nismo no tratamento de efluentes, com a
vantagem da producéo de biomassa rica em compustus proteinas com altas quantidades de
aminoacidos essenciais, carotenodides, cofatorésgimos e vitaminas, especialmente a vitamina
B> (BALLONI et al., 1987; BALLOWS et al.,, 1992; KOBAY3HI; KURATA, 1978;
PONSANO et al., 2002a).

Getha et al. (1998) utilizaram a bactéria purputdsintetizanteRhodopseudomonas
palustris, para tratamento de aguas residuarias ricas dmideatos provenientes de fabrica de

macarrdo com a producdo de biomassa rica em pigmeatotendides e com a reducado de 77%
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na demanda quimica de oxigénio do efluente. Ponsstnal. (2002a) desenvolveram
metodologias para isolamento Beodocyclus gelatinosus (atualmente denominadRubrivivax
gelatinosus) de efluente de abatedouro avicola e para suatedeacdo. A bactéria isolada e
caracterizada foi cultivada em aguas residuariasaltigedouro de aves, onde promoveu o
desenvolvimento de coloracdo vermelho-castanhaldevipresenca de oxicarotendides da série
espiriloxantina alternativa que produz, dentre elesferoidene, hidroxi-esferoidene e
espiriloxantina. O cultivo microbiano, apos ser rmebido as operacdes de centrifugacdo e
liofilizacao, originou a biomassa bacteriana codten,1% de umidade, 62,8% de proteina bruta
(com todos os aminoacidos essenciais para avespoafe carboidratos totais, 0,5% de lipideos
e 4,0% de sais minerais, em base seca, e seu iusogkrido como suplemento alimentar na
racdo de aves (PONSANO et al., 2002a; 2003; 2@04d et al. (2003) avaliaram os efeitos da
utilizacdo da bactéria fotossintetizarfodovulum sulfidophilum no tratamento de efluente
industrial de processamento de sardinha, com aupéodde biomassa util para aquicultura e
com a reducdo simultdnea da Demanda Quimica deé@rigDQO) da agua residuaria.
Ponsano et al. (2004) avaliaram a atividadeRdedocyclus gelatinosus como despoluente de
efluente de abatedouro avicola. Além disso, esamdlaa utilizacdo de diferentes niveis da
biomassa da bactéria na promoc¢éo da pigmentacgendas de ovos e a influéncia da incluséo
dietaria do produto sobre parametros de desempeéalgalinhas poedeiras. Efeitos positivos
foram encontrados na despoluicdo das aguas resislileama suplementacdo da racdo com a
biomassa. Zheng et al. (2005) estudaram a utilzdedefluente industrial da fabricacdo de 6leo
para a producdo de biomassa de leveduras divadotorula rubra, Candida tropicalis e C.
utilis e obtiveram bons resultados na purificagdo doeefky além de um produto rico em
proteinas, com destino a alimentacao animal.

Conforme visto, os microrganismos fotossintetizambeecutam uma importante funcéo de
purificacdo do residuo liquido industrial, suaizditdo € interessante porque a matéria-prima €
livre de custo, requer menor custo com instalacGoeduipamento purificador de aguas
residuérias, a biomassa é rica em proteinas etiera 6omposi¢cdo em aminoécidos e vitaminas,
nao é patogénica ou toxica (KOBAYASHI; KURATA, 1978

De acordo com Chavez et al. (2005) o processangenton frango para consumo humano
requer 10 a 12 litros de &gua, dos quais 60% sd@ecidos em efluente de abatedouro avicola.
Considerando que, segundo Pinheiro e Pinheiro {20@5ano de 2005 a avicultura brasileira
produziu 9,3 milh6es de toneladas de carne dedrgrapemos concluir que séo produzidos, em

meédia, 62 milhdes de litros de efluente de abatedavicola por dia no Brasil.
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Este imenso volume de efluente oriundo de abatedaavicolas brasileiros demonstra o
potencial de substrato para o cultivoRidrivivax gelatinosus, com duas vantagens primordiais.
A primeira delas tem valor sublime para o0 meio @&mta e constitui-se na despoluicdo dos
efluentes de abatedouros avicolas pelo desenvaitimée Rvi. gelatinosus, promovendo a
degradacdo da matéria organica presente nas agsidsarias. A consequéncia direta deste
desenvolvimento gera a segunda vantagem, que édugdto de uma biomassa rica em
nutrientes protéicos, vitaminicos e pigmentos ogiemoides, a qual pode ser utilizada como
ingrediente pigmentante em ragcdo para galinhas grasg com o objetivo de melhorar a
atratividade das gemas de ovos e de produtos suentam ovos em sua formulagao.

Neste trabalho de pesquisa, foram empregados niwais altos de biomassa d®
gelatinosus que em trabalhos anteriores, como os executadoB@tsano et al. (2002b; 2004),
com o objetivo de avaliar os efeitos da utilizagaéstes niveis superiores na fisiologia das aves
guanto a possivel toxicidade do emprego da biomassadesempenho das galinhas, na
intensidade da coloracdo das gemas e na aceitagdoaesmas pelos consumidores.

O capitulo 2 é referente ao artigo cientifico ulitlo Utilization of Rubrivivax
gelatinosusBiomass to Supplement Laying Hen Rationgjue teve como objetivos avaliar os
efeitos da adicdo de biomassaRde gelatinosus em racdo de galinhas poedeiras sobre a cor das
gemas e a preferéncia do consumidor.

O artigo foi escrito de acordo com as normas dastevournal of Applied Poultry

Research
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SUMMARY

The effects of the dietary inclusion Bfi. gelatinosus biomass in layers rations on
yolk color, consumer preference, productive paremsaind hens’ metabolism were investigated.
One hundred twenty six Dekalbe hens aging 19 weeake used in the experiment. Sorghum
and corn were used for the formulation of basailonat that received increasing levels of
biomass. The bacterial biomass increased red meedexreased lightness of yolks when added

to both basal rations. Biomass at 1,500ppm in thi-based ration was enough to reach
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consumers’ preference, while with the sorghum-basioh, 7,500ppm were necessary to reach
the same. Hens fed corn-based rations had supeedrconsumption and better feed conversion
than those fed sorghum-based rations but the isicrgdevels of the biomass on both basal
rations did not influence these parameters. No alitytand no change on layers™ weight
occurred during the experimental period. Hens fedn-dased rations had superior egg
production, egg weight and egg mass rates thar tteassorghum-based rations, although these
parameters were not influenced by the increasingldeof the biomass on both kinds of rations.
Normal levels for seric enzymes and the absenagegénerative and inflammatory lesions in

livers and kidneys of hens allow the indicatiortte# biomass for ration supplementation.

Key words: yolk color, consumer preference, perforrance, egg production

Running Title: BIOMASS IN LAYERS RATIONS

DESCRIPTION OF PROBLEM

For most consumers around the world, few attribute$ood can influence at a
deeper degree the decision for the purchase ofstafid rather than color. Natural and bright
colors remind high quality, healthful and nutritsofiood, what is especially true for egg yolks [1,
2,3,4,5, 6,7, 8, 9]. In some regions like Gamnaouth of France, The Netherlands, Spain,
Italy, Peru, Colombia, Israel, Swiss, Grain-Brital@eiland, Australia, New Zealand, North
Ireland, South Africa, northeast of United Statedmmerica, Mexico and Belgium, people prefer

orange yolks [2, 4, 6, 10, 11]. In the north regaiFrance, in the south of England and in
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Finland, consumers prefer an intermediate coloryfks, while in Ireland, in the north of
England and in Sweden, most consumer prefer pdks y8, 6]. In Brazil, there are differences
in the preference for the color of the egg yolk tvery in accordance with the region [8, 9], i.e.
either in country or metropolitan sites but, in engral sense, most consumers prefer well-
pigmented egg yolks. The color of the egg yolk akelseon the amount and kind of xanthophylls
present in the animal feed [12, 13] since birdghasother animals, are unable to synthesize their
own carotenoids, conversely of plants, fungi, algaé photosynthetic bacteria [1, 3, 4, 5, 6, 8, 9,
10, 14, 15, 16, 17]. The yellow-orange color of #wy yolk, thus, is not synthesized by the
laying hen, but derives from the dietary transfeeeand deposition of pigments from the feed
that occur in yolk and other tissues [1, 3, 4,14,15, 16, 17, 18]. In order to attain the optimal
coloration for yolks, hens™ feed must contain yelland red xanthophylls, commonly supplied
by the feed ingredients, such as corn and alfalfy. [Moreover, also to reach the market
requests and increase attractiveness of egg psydpetltry breeders generally add synthetic
pigments to hens’ diets [14, 15, 16, 17]. Reces#arches have been accomplished in an attempt
to experience xanthophylls from plants, algae, dréctand yeasts as alternative sources of
natural carotenoids for birds” feeds [4, 5, 8,8,17, 18, 19, 20, 21, 22, 23, 24, 25].
Photosynthetic bacteria likeRubrivivax gelatinosus widely inhabit aquatic
environments, moist soil and industrial effluents,which they play an important role in the
degradation of pollutant compounds [26]. Biomassived from the cultivation ofRvi.
gelatinosus in poultry slaughterhouse wastewater contains hapitylls from alternative
spirilloxanthin series that impairs its purple-i@or and suggest its use as a pigment for poultry
products [9, 26].Rvi. gelatinosus biomass has been previously tested in broilers lapérs
rations aiming at color enhance of carcass andsyfk 9]. Nevertheless, its effects on hens’
physiology have not been investigated yet and, rdaog to Litchfield [27] the toxicity of

ingredients might be investigated before they cansafely used for feed supplementation.
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Moreover, investigations on the inclusion levelsttod product to reach consumers’ preference
on the color of products and about hens produgtaeameters also needed to be performed
before the recommendation of the biomass for fegpsipplementation.

So, the purpose of this research was to evaluatefluence of the dietary inclusion
of Rvi. gelatinosus biomass on yolk color, consumer preference, perdoice, hepatic and renal

metabolism of laying hens.

MATERIAL AND METHODS

Ration Formulation and Layers Management

Corn and sorghum isocaloric and isoproteic dietabl@ 1) were formulated
according to NRC recommendations [28]. One huntrehty-six Dekalbe layers at 19 wks age
were individually housed in wire cages (25 cm widé0 cm deep x 45 cm high) equipped with
feeders and drinkers. During an adaptation perfoidur wks, layers were fed sorghum ration
with no biomass addition at 100g/hen per day anigwvea libitum. The time of light exposition
gradually increased during the adaptation periail urreached 16h per day, and so remained
for the whole experiment time. The inclusion levefsRvi. gelatinosus biomass prepared in
poultry slaughterhouse wastewater [30] were 0 fobnt 1,500, 3,000, 4,500, 6,000 and
7,500ppm, into both corn and sorghum basal ratioraking a total of 12 treatments [31]. Diets
were mixed weekly and stored in closed cans at reammperature. Hens received ration and

waterad libitum for 24 days.
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Analytical Procedures

For productive parameters determination [32], layerd feeds were weighted at the
beginning and at the end of experimental periognlmer and weight of eggs were determined
daily. Egg yolk colors were measured daily for Liylitness), a* (redness) and b* (yellowness)
[33]. For the consumer preference tests, 50 urdgdapanelists visually evaluated the egg yolks
according to a hedonic scale of five points [34]. 28 the end of the experiment, one hen of
each replication was randomly selected for blootlection and killing [36]. Serum was
analyzed for total protein, albumin, alkaline phusfase, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), uric acid, creagnigamma-glutamyltransferase (GTT) and
creatine kinase (CK) in automated analyzer [37yeLtiand kidney fragments were withdrawn
for the histological preparation [38] and investiga on degenerative and inflammatory lesions.

Data were analyzed by the general linear modelguha® of SAS software [39, 40].

RESULTS AND DISCUSSION

Yolk Colors

Yolks from treatments that contain€i. gelatinosus biomass were significantly
darker P<0.05) than those from respective control sorghuth eorn-based feeds, due to the
effective deposition of the product (Table 2). Tpigmenting ability of the biomass was
demonstrated by the significant increasBs0(05) on redness of yolks from treatments that

received the product, both on sorghum and cornebdseds, compared to their respective
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control groups (Table 2). Yolks from all corn-basezhtments had significantly higher b* values
than yolks from sorghum-based treatments becaesktter is free of oxycarotenoids, while the
former contains around 17ppm of xanthophylls, malatein and zeaxantin, that play a role on
the yellowness of yolks, despite of their instapilat environmental conditions [24]. For
sorghum-based treatments (Table 2), all inclusievels of the product led to significant
increases in redness of yolkd8<Q.05), as compared to a* values of that controugryolks,
although treatments with 3,000 and 4,500ppm of bEsnwere equivalent in redness, like
treatments with 6,000 and 7,500ppR»Q.05). Also for those feeds, only 6,000 and 7,p00of
biomass provided significantly higher yellowneBs:Q.05) for yolks than control feed did, what
indicates the main ability of the product in prawagl red color, its original color, due to the red
color of its component carotenoids [9]. Rednesyalks from all corn-based treatments that
received the biomass (Table 2) was significantlghbr than redness of that control group
(P<0.05). With that feed, yolks from treatments wittb00 and 3,000ppm of biomass had
equivalent red colors, as it happened to yolks fteeatments with 4,500, 6,000 and 7,500ppm
of the product P>0.05). For corn-based treatments, none of theusimmh levels was able to
provide higher yellowness than for the control groshowing that the b* values were provided
by the corn own xanthophylls and confirming theligbiof the product on enhancing the red
color of yolks. Conversely, Baiao et al. [12] testee pigmenting properties of different sources
and concentrations of yellow and red xanthophyliral and synthetic) when added to diets of
layer hens and found that yellowness of yolks waslifred by the red xanthophylls used.
Oxycarotenoids fronkvi. gelatinosus biomass in addition to corn xanthophylls were o&sible

for the raising of a new orange color in yolks fr@mworn-based feeds. The use of reflectance
colorimetry was justified in this research, sinclitional visual method by Roche Color Fan -
RCF [41]cannot reach the hues raised by the biomass inalwsi sorghum-based rations due to

the main increase on redne&handra et al. [20] fed layers with a sorghum digiplemented
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with paprika meal and also could not score the rcofoyolks with the RCF because of the

reddish tinges obtained.

Consumers” Preference

Results from the first preference test (Table 3)wsh that yolks from hens fed
4,500ppm of the biomass in corn-based ration had highest preference raniP<0.05),
followed by equivalent ranks presented by 3,000 BB@0ppm in the same ration. None of the
sorghum-based rations was able to reach the highmstof preference attained with corn-based
treatments B>0.05). In the second preference test (Table 3ksytrom hens fed 6,000 and
7,500ppm of biomass in corn-based ration and 7 »0pf biomass in sorghum-based ration
were preferred by consumers showing that a blen@idwness and redness in yolk is desirable
to reach consumers’ preference. This is in agreetneBaiao et al. [12], who states that red
xanthophyllscan be used to extend the dominant wavelength l&f gigmentation from a pure
yellow to a more desirable golden color. Theselteswwnfirm the regional preference for well-
pigmented egg yolks and the influence of red xgpitlgls on yolk color.Thus, the inclusion of
1,500ppm ofRvi. gelatinosus biomass into corn-based rations is enough to réammaximum
preference of the consumer while, when the ratsdioimulated with sorghum, 7,500ppm of the
product will be necessary to reach the same purpdse high preference scores reached by
yolks from hens fed corn-based diets supplemeniéd tive bacterial biomass demonstrate the
importance of both xanthophylls sources (yellow eed) to satisfy the regional consumer, since
yolk colors depend not only on the levels of pigtmen substances, but also on the type and

ratio of these compounds [13].
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Productive Parameters

Table 4 shows that feed consumption was superiohéns fed corn-based rations
than for those fed the sorghum-based ores€)05). According to Trevino et al. [42], this
finding may be due to the adstringent taste of seanghum varieties that might have a negative
effect on birds’ ingestion. Increasing inclusiorvdks of Rvi. gelatinosus biomass did not
influence feed consumption at none of the ratiossdy what allows to demonstrate that the
product did not cause any change in palatabiliisoAas no significant difference on feed
consumption P>0.05) was detected among the inclusion levelshefgroduct, it is feasible to
conclude that the yolks pigmentation are really tluthe presence of the biomass in the rations.
The best feed conversion rates were detected vagtnents that used corn (Table 4), with no
significant rates among the increasing inclusiovelle of the product R>0.05). Also, the
sorghum-based treatments, that had the worst feedecsion, were not influence®%0.05) by
the included levels of the biomass. During the expental period, body condition of hens was
not affected, as they kept average weight of 3.70kgich was influenced neither by the
energetic source utilized nor by the increasingusion levels of the biomass.

Hens fed corn-based rations showed superior egduption, egg weight and egg
mass outputR<0.05) than those fed sorghum-based rations (Taplevhat might reflect the
relationship between feed intake and feed converai@ these parameters. Nevertheless, these
parameters were not influenced by the increasiultiad levels of the biomas®%$0.05) on both
kinds of rations. Conversely to results found iis tstudy, Ponsano et al. [9] observed reduced
layers™ weight and increased egg weight when infdavels ofRvi. gelatinosus biomass (500,
1,000 and 2,000ppm) were added to sorghum-baseonsatProductive parameters were
considered normal for the experimental conditiossduin this study and no deleterious effects

due to the application dRvi. gelatinosus biomass were detected, results that were refdoged
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the absence of mortality during the whole experit@lgpmeriod. These data are in agreement with
data from other authors [12, 13, 43] who found nfluence of synthetic and/or natural

pigmentants on laying hens™ productive parameters.

Biochemical and Histological Analysis

The absence of deleterious effects on hens’ peafocen was also reforced by the
normal values found for seric enzymes, as comptredhlues reported by Saukas [44] who
studied hematological and biochemical charactesstf birds under normal and pathological
conditions. Moreover, no degenerative or inflammattesions in liver and kidney as a
consequence of the biomass inclusion were obsarvéde histological investigations. These
results allow the indication &vi. gelatinosus biomass for layer hens™ feed supplementation.

The effective deposition dvi. gelatinosus oxycarotenoids in the yolk may represent
an additional benefit to consumer, besides thatthe&f pigmentation improvement, since
epidemiological evidences suggest that dietary hapitylls may inhibit the onset of many
diseases such as arteriosclerosis, cataractsgebgeer macular degeneration, multiple sclerosis
and cancers due to the antioxidant properties esehcompounds [45]. Also, besides
oxycarotenoids, additional proteins, lipids, mingr@nd vitamins are present in the yolk as part

of the bacterial biomass deposition.

CONCLUSIONS AND APPLICATIONS

1. Ruvi. gelatinosus biomass caused an increase in yolks red huegjlmatitig to improve color

of yolks mainly when hens’ feed was formulated wveihn.
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2. When ration was formulated with corn, 1,500ppnRaf. gelatinosus biomass were enough
to reach the consumers™ preference for yolk coldren sorghum was the basis of the ration,
7,500ppm of the biomass were necessary to reagbréference.

3. Inclusion of increasing levels divi. gelatinosus biomass into laying hens™ diets did not

affect performance.
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Table 1.Composition of basal rations

a7

Ingredient

Sorghum ration (%)

Corn ration (%)

Ground corn - 63.60
Ground sorghum 67.73 -
Soybean meal (48% CP) 19.02 21.45
Limestone 8.50 8.54
Soybean oil 3.20 2.80
Dicalcium phosphate 0.78 0,70
Salt (NaCl) 0.37 0,35
Vitamin mineral premik 0.40 0.40
Inert filler (sand) - 2.16
Calculated composition

ME, kcal/kg 2,900 2,900
CP, % 16.00 16.00
EE, % 5.42 5.42
Calcium, % 3.46 3.46
Available phosphorus, % 0.26 0.26



Sodium, % 0.16 0.16
Arginine, % 0.96 1.03
Lysine, % 0.75 0.84
Methionine + cysteine, % 0.58 0.58
Threonine, % 0.58 0.59
Tryptophan, % 0.18 0.18

'Provided per kg of diet: vitamin A, 8,800 IU; vitamDs, 3,300 IU; vitamin E,
40 1U; vitamin Kg, 3.3 mg; thiamine, 4.0 mg; riboflavin, 8.0 mg; f@henic
acid, 15 mg; niacin, 50 mg; pyridoxine, 3.3 mg; loe, 600 mg; folic acid, 1
mg; biotin, 220ug; vitamin By,, 12ug; antioxidant, 120 mg; manganese, 70 mg;

zinc, 70 mg; iron, 60 mg; copper, 10 mg; iodin@, mg; selenium, 0.3 mg.
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Table 2. Mean color attributes of yolks — lightnésy, redness (a*), yellowness (b*)

Overall treatments

BL! (ppm) ES

L* a* b*
0 sorghum 71.05 -0.759 26.04°
0 corn 65.90¢ 10.64° 53.98%
1,500 sorghum 67.47 5.53 27.23°
1,500 corn 63.28 14.12° 55.512
3,000 sorghum 68.69 9.00° 29.84°%
3,000 corn 62.85 15.56% 51.06%
4,500 sorghum 66.87¢ 8.94° 29.18%
4,500 corn 62.19 18.82%° 50.97%
6,000 sorghum 65.08 14.07¢ 33.22%
6,000 corn 62.52 17.36%° 51.06%
7,500 sorghum 62.60 16.52° 34.01°
7,500 corn 61.75 19.44° 50.63°
P value
BL x ES < 0.0001 <0.0001 <0.0001
CV3 (%) 1.74 10.41 5.32

! Biomass level? Energetic sourcé:Coefficient of variation

abedefeans in a column with different superscripts difgnificantly @ < 0.05).
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TABLE 3. Consumer preference for yolk colors

Overall treatments

Test B (ppm) ES Median (sum of the ranks)
0 sorghum 1 (61.50)
0 corn 3 (194.50)
1,500 sorghum 2 (115.00)
1 1,500 corn 4 (282.56%
3,000 sorghum 3 (240.060)
3,000 corn 4 (320.00)
4,500 sorghum 3 (234.560
4,500 corn 5 (352.00)
P value
BLXES <0.0001
0 sorghum 1 (67.00)
0 corn 3 (139.50)
2 6,000 sorghum 2 (137.59)
6,000 corn 4 (254.00)
7,500 sorghum 4 (211.50)
7,500 corn 4 (240.50)
P value
BLXES <0.0001

! Biomass level® Energetic source

abcdqvedians in a column with different superscriptdatisignificantly P < 0.05).



TABLE 4. Performance of hens fed different level$a. gelatinosus biomass

Biomass level

Feed conversion

Feed consumption

(ppm) (kg ration/kg egg) (g/hen/d)
0 3.00 81.05
1,500 2.98 79.78
3,000 2.64 81.60
4,500 2.78 75.00
6,000 2.84 80.38
7,500 3.03 86.11
Energetic Source (ES)
Corn 2.472 86.905%
Sorghum 3.324 74,514
P value
Biomass level (BL) 0.8098 0.1325
Energetic Source (ES) 0.0001 0.0001
BLX ES 0.8674 0.822
CVY(%) 20.39 7.96

! Coefficient of variation

aPMeans in a column with different superscripts diffignificantly @ < 0.05).
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TABLE 5. Productive parameters of the experiment

Biomass level (BL) Egg production  Egg weight  Egg mass

(ppm) (%/hen/d) (9) (g/hen/d)

0 50.06 53.38 26.85
1,500 51.06 53.77 27.76
3,000 57.38 52.62 30.34
4,500 51.16 51.95 26.82
6,000 49.31 54.46 27.08
7,500 52.31 54.28 28.64

Energetic Source (ES)

Corn 60.64 54.99 33.38?
Sorghum 42.60 51.82° 22.14°
P value
BL 0.6275 0.2752 0.7242
ES 0.0001 0.0001 0.0001
BL x ES 0.9687 0.7942 0.9712
CVi(%) 16.88 3.86 16.90

! Coefficient of variation

aPMeans in a column with different superscripts diffignificantly @ < 0.05).
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TABELA 6. Resultados dos testes bioquimicos redtizaem galinhas poedeiras que receberam
racdo a base de sorgo.

Tratamento  Anima Albumina  PT FA AST ALT UAri%o GGT Creatinina
L @Y (UL UL UL gedl L) (mgidl)

0/S 1 7662 3385 86 87 19 2 1457 0,05 13,89
1500/S 3 8602 4518 219 119 22 12 7.87 0,09 10,84
1500/S 19 7069 3539 1417 103 11 11,01 002 8245
4500/S 7 6776 3655 -15 85 17 2 3,64 006 38,78

PT — proteina total, FA — fosfatase alcalina, ASSspartato aminotransferase, ALT — alanina aminefesase,

GGT — gama glutamiltransferase, CK — creatina-cgéna

TABELA 7. Resultados dos testes bioquimicos redtizeem galinhas poedeiras que receberam
racao a base de milho.

Tratamento Anima| Albumina - PT FA AST ALT U/?i%o GGT  Creatinina .,
@L @Y (UL UL O ol (UL (moldl)

o/M 2 7269 3336 1839 88 14 4 13,61 0,01 8,38

o/M 10 7547 36,66 584 76 17 3 6,88 0,05 2235
1500/M 4 76,47 37,76 780 89 18 5 10,99 0,03 13,04
1500/M 12 78,09 42,16 1295 61 0 7 -9,06 0,06 8,92
3000/M 6 8140 42,82 447 65 13 6 11,03 0,07 38,34
3000/M 14 7431 3759 1659 81 15 4 11,78 0,05 6,81
3000/M 22 7732 3457 984 81 19 4 9,38 0,03 18,73
4500/M 8 69,38 3699 728 104 16 5 9,15 0,05 10,9
4500/M 16 8325 3864 708 79 21 4 9,42 0,05 13,66

PT — proteina total, FA — fosfatase alcalina, ASSspartato aminotransferase, ALT — alanina aminefesiase,

GGT — gama glutamiltransferase, CK — creatina-cgéna
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Parecer técnico das analises histopatoldgicas

Fragmentos de figado

Os figados das galinhas poedeiras apresentavampsoapicamente, coloracdo amarelada
e eram friAveis ao toque, sendo estas caractagstionsideradas normais em virtude da
categoria destas aves.

Microscopicamente o parénquima hepético ndo apte@seralteracbes patologicas. Vale
ressaltar que o figado das aves ndo se apresenthdadi em I6bulos, como ocorre nos
mamiferos, os hepatécitos das aves estdo dispestocorddes devido a falta de septo
interlobular. O corte do figado da ave mostra unassa de corddes de hepatécitos que
compdem o parénquima hepatico, circundados poséides sanglineos.

O formato dos hepatécitos era poliédrico com vadarmaliculos biliares ao redor. O
citoplasma dos hepatécitos continha enormes e msoervacuolos gordurosos. O nucleo dos
hepatdcitos era levemente ovalado na forma, sitibdsalmente, um ou mais nucléolos estavam

presentes.

Fragmentos de rim

Os rins apresentavam, macroscopicamente, coloragaorom escura e estavam
posicionados dorsalmente na parede abdominaln@st@o peritdneo.

Microscopicamente os tubulos contorcidos proxinggieem arredondados ao corte, ou de
perfil alongado quando intimamente localizados tdinulos contorcidos distais e glomérulos. A
parede dos tubulos contorcidos proximais constiaide epitélio cubico simples com borda em
escova. O citoplasma destas células, neste corml@aom HE, apresentava-se acidofilo,
provavelmente pela presenca de mitocondrias. Gealgas células dos tubulos proximais era de
forma esférica, com um nucléolo proeminente e ibadb proximo da base.

As partes delgadas das alcas de Henle apresengpigtio simples pavimentoso, com
ndcleos salientes para a luz, a qual se mostrava amapla que a dos tubulos. As partes
espessas, formadas por epitélio cubico simplesydammao apresentavam alteracoes.

As células dos tubulos contorcidos distais, em @agio com as ceélulas dos tubulos
proximais, apresentavam-se menores, sem bordaawaes com citoplasma menos acidofilico.
O nucleo destas células assumia uma posicdo centrédvemente deslocada para a lamina
basal.
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A Unica alteracdo observada nas laminas de rima tminstatacdo que as células tubulares,
proximais e distais, estavam soltas da lamina pasmEém, isto foi considerado artefato de

técnica, pois estava presente na totalidade dasd&rooradas.



Fotografias relativas ao experimento

o 1
] i |J_
L : e
— T — =
i (e e
[1 W A=
—~ ] el T T
; ”:l_-_‘?‘ . | il
L i I == o s
NP ol 2 e
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Galinhas poedeiras da raca Deksdbalimentando no galpéao.
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Cultivo dBubrivivax gelatinosus.
Fonte: Elisa H. G. Ponsano.

Biomassa Regelatinosus liofilizada.
Fonte: Elisa H. GnBano.

58



Gemas de diversas tonalidades prou@salas galinhas do experimento.
Fonte: Lorrayne B. Polonio.

Teste de préfmia das gemas.
Fonte: LorrayBePolonio.
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Soros obtidos das galinhas.
Fonte: Lorrayne B. Polonio.

Amostras de sangue das poedeiras em ceficéiog
Fonte: Lorrayne B. Polonio.

| .
Analisador bioguimico automatico BTS7#0 Plus BioSystems.
Fonte: Lorrayne B. Polonio.
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Care and Use of Animals

Authors must make it clear that experiments were conducted in a manner that avoided unnecessary
discomfort to the animals by the use of proper management and laboratory techniques. Experiments
shall be conducted in accordance with the principles and specific guidelines presented in Guidelines
for the Care and Use of Agricultural Animals in Agricultural Research and Teaching, 1st revised
edition, 1999 (Association Headquarters, 1111 North Dunlap Avenue, Savoy, IL 61874); and, if
applicable, Guide for the Care and Use of Laboratory Animals (United States Department of Human
Health and Services, National Institutes of Health, Publication Number ISBN 0-309-05377-3, 1996);
or Guide to the Care and Use of Experimental Animals, 2nd ed. Volume 1, 1993 (Canadian Council
on Animal Care). Methods of killing experimental animals must be described in the text. In describing
surgical procedures, the type and dosage of the anesthetic agent must be specified. Intra-abdominal
and intra-thoracic invasive surgery requires anesthesia. This includes caponization. The Editor-in-Chief
of Journal of Applied Poultry Research may refuse to publish manuscripts that are not compatible
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with these guides. If rejected solely on that basis, however, the paper may be resubmitted for reconsidera-
tion when accompanied by a written verification that a committee on animal care in research has
approved the experimental design and procedures involved.

Types of Articles

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

In addition to research reports, other types of papers appear in the journal:

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

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

Review articles should follow the general format outlined in the Style and Form when appropriate
and include brief subheadings to separate main ideas. The title page should use the appropriate format
and include a summary and statment of primary audience. Review articles may include tables, fig-
ures, and photographs. A Conclusions and Applications section should be included in most cases.

The use of copyrighted materials must be by permission of the copyright holders. Authors are
responsible for obtaining copyright permissions and sending them to the Managing Editor.

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

Letters and Commentaries. The journal accepts letters, book reviews, and other free-form communi-
cations (used to correct errors, provide clarification, or offer other points of view on pertinent issues).
Submissions may be edited in consultation with the author.

SUBMISSION OF MANUSCRIPTS

Authors should submit their papers online to our Web-based submission and review system (http://
mc.manuscriptcentral.com/psa). Detailed instructions for submitting electronically are provided online
at that site. Authors who are unable to submit online should contact the editorial office (jeremyh@
assochq.org) for assistance.

Copyright Agreement

When a manuscript is accepted for publication, the authors agree to transfer copyright to the
publisher, that the manuscript will not be published elsewhere in any language without the consent
of the copyright holders, that written permission of the copyright holder has been obtained by the authors
for material used from other copyrighted sources (including tables, graphs, figures, and illustrations), and
that any costs associated with obtaining this permission are the authors’ responsibility.

The Mansucript Submission and Copyright Release Form (available on the JAPR Web site: http://
www.poultryscience.org/japr) must be completed and filed with the editorial office for each paper
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submitted; faxed copies are acceptable. The copyright agreement is included in the Manuscript Submis-
sion and Copyright Release form and must be completed by all authors before publication can proceed.
The corresponding author is responsible for obtaining the signatures of co-authors. Authors who are
not permitted to release copyright, such as federal employees, must still sign and return the form with
a statement of the reason for not releasing the copyright.

REVIEW OF MANUSCRIPTS

The journal uses a two-stage review process. All manuscripts will first receive a preliminary review
to ensure appropriateness for the journal. The second review will be a more detailed scrutiny by
individuals knowledgeable in the specific subject area of the paper. Additional examination of the
manuscript will be made by the editors.

The review process will be stringent. Names of authors will be made known to reviewers; reviewers
may contact the authors directly with questions, suggestions, and comments if such contact will improve
the paper or streamline the review process. The Subject Editors will handle all initial correspondence
with authors during the review process; the Editor-in-Chief will notify the author of the final decision
to accept or reject.

PRODUCTION OF PROOFS

Accepted manuscripts are forwarded to the editorial department for preparation for typesetting. At
this point, a technical editor may contact the authors for missing information or figure revisions. The
manuscript is then typeset, figures reproduced, and author proofs prepared.

Proofs

Author proofs of all manuscripts will be sent to the corresponding author indicated on the title
page of the manuscript. Proofs should be read carefully, because the responsibility for proofreading
is with the author(s).

Corrections to the proof should be made neatly and clearly in the margins of the proof. Galley
proofs should be faxed (217-378-4083) to PSA headquarters. Proofs should be corrected and returned
within 48 hours.

Editor queries appear in the text, within brackets and in boldface type. Queries should be answered
on the galley proofs; failure to do so may delay publication.

Page Charges and Offprints

A charge of $48 per page, or fraction thereof, will be assessed to partially defray costs of publication.
In case of financial hardship, page charges may be deferred if requested in writing prior to publication.
Such requests must be sent directly to the editor-in-chief.

A form for ordering offprints is forwarded to the corresponding author with the author proof. The
form must be completed and returned to the Headquarters Office before publication. Reprints will not
be available unless so ordered and will be shipped after publication of the issue. Invoices for offprints
will be sent to the author or institution so indicated on the order form. There is a charge for all offprints.

MANUSCRIPT PREPARATION: STYLE AND FORM
Preparing the Manuscript File

Manuscripts should be double-spaced with lines and pages numbered consecutively using Times
New Roman font at 12 points. All special characters (e.g., Greek, math, symbols) should be inserted
using the symbols palette available in this font. Tables and figures should be placed in separate sections
at the end of the manuscripts (not placed in the text). Failure to follow these instructions may result
in immediate rejection of the manuscript.

Metric or English units (or both) are acceptable. Authors should use units appropriate for the
intended audience. Energy content of feeds will be expressed as calories.
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Headings

Major Headings. Major headings are centered, boldface, all capital letters, and consist of SUM-
MARY, DESCRIPTION OF PROBLEM, MATERIALS AND METHODS, RESULTS AND DIS-
CUSSION, CONCLUSIONS AND APPLICATIONS, and REFERENCES AND NOTES.

Major headings in review articles, field reports, and symposium articles may vary from those
listed here.

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

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

Title Page

e Title should be indicative of content. It should capture the interest of all who might benefit from
information in the manuscript. However, the length of the title should be kept to a minimum.

e Address and affiliation of author(s) should be included. Indicate to whom correspondence should
be directed by means of a footnote, with the notation “Corresponding author: (e-mail address)”
at the bottom of the title page.

e List three to eight key words or phrases to identify the most important subjects covered by
the paper.

e The running title should be 30 characters or less, including spaces.

e Statement of primary audience. To determine appropriateness for the Journal and to assist in
selecting reviewers, the author should indicate clearly what sector(s) within the poultry community
(e.g., flock supervisors, nutritionists, quality assurance personnel, researchers, plant managers,
veterinarians) could most benefit from the content of this article.

Summary

The Summary (12—16 lines) is not an abstract. It is intended to give readers with diverse backgrounds
a general appreciation of the manuscript contents. It should be written so that even those not directly
interested in the topic will enjoy reading at least this section in order to keep abreast of areas other
than their own. This section should not include details of materials and methods or a detailed review
of the results. Keep the summary free-flowing, giving the reader a general, not specific, idea of what
the study revealed. Do not include reference citations in the summary.

Description of Problem

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

Materials and Methods

The author(s) should clearly establish in the Materials and Methods section why they approached
the problem in a particular way. The rationale for including each treatment should be clearly stated.
Detailed laboratory and bird management procedures should be described in the References and Notes
section and not in the Materials and Methods section. Sources of stock, equipment, and materials
should be listed in the References and Notes section and not in the text or footnote.

A brief statement of the statistical methods should be included, with more detailed descriptions
placed in the References and Notes section.

In manuscripts using several treatments, a description of treatments should be included as Table 1.
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Results and Discussion

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

Statements regarding statistically significant differences between treatments in results should be
included in the text, tables, and figures. Statements regarding differences should be avoided unless
they are supported by statistical analyses and meet the stated level of probability (e.g., P < 0.05).

Conclusions and Applications

Conclusions and recommendations of author(s) should be listed numerically. Each statement should
be clear, concise, and without discussion. Authors are encouraged to summarize their significant
findings, to identify further research needs, and to describe the constraints, economics, and other factors
associated with using the results in scientific or commercial applications. Do not include references
in this section.

References and Notes (with Acknowledgments)

References and notes should be cited in text, by number within an editorial bracket (e.g., [1]). In
the References and Notes section, citations should be listed in the order they appear and are numbered
in the text (not alphabetically). Manuscripts may be returned to authors before review for renumbering
of references if not cited in numerical order. Include details such as statistical analysis, detailed
procedures; sources of birds, instruments, or items; details of designed instruments; literature review;
and other tangential matters.

Cite acknowledgments at the end of this section in a subsection called Acknowledgments. These
entries are not numbered.

Tables

Number tables consecutively according to the citation in the text. Each table must be placed on a
separate page and must have a clear descriptive heading so that the meaning of the data will be
understandable without reference to the text. Indicate footnotes to tables with numbers, beginning with
1. Statistical notation should be made with lowercase superscript letters or with asterisks, as appropriate.
Statistical notation should place the superscript “a” on the largest mean. Probability values may be
indicated as follows: *P < 0.05, **P < 0.01, ***P < (0.001, and TP < 0.10. Consult a recent issue of
the journal for examples of tables.

Figures

e Figure Size. Prepare figures at final size for publication. Figures should be created at 14 cm
wide (final publication size).

e Font Size. Ensure that all type within the figure and axis labels are readable at final publication
size. A minimum type size of 8 points (after reduction) should be used.

e Fonts. Use Helvetica or Times New Roman. Symbols may be inserted using the Symbol palette
in Times New Roman.

e Line Weight. For line graphs, use a minimum stroke weight of 1 point for all lines. If multiple
lines are to be distinguished, use solid, long dash, short dash, and dotted lines. Avoid the use
of color, gray, or shaded lines, as these will not reproduce well. Lines with different symbols
for the data points may also be used to distinguish curves.

e Axis Labels. Each axis should have a description and a unit. Units may be separated from the
descriptor by a comma or parentheses, and should be consistent within a manuscript.

e Shading and Fill Patterns. For bar charts, use different fill patterns if needed (e.g., black,
white, gray, diagonal stripes). Avoid the use of multiple shades of gray, as they will not be
easily distinguishable in print.
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e Symbols. 1dentify curves and data points using the following symbols only: [, l, O, @, A,
V., A, V, %, 3%, O, ¢, +, or X. Symbols should be defined in a key on the figure if possible.

o File Formats. Figures can be submitted in Word, PDF, EPS, TIFF, and JPEG. Avoid PowerPoint
files and other formats.

For the best printed quality, line art should be prepared at 600 ppi. Grayscale and color
images and photomicrographs should be at least 300 ppi.

o Grayscale Figures. If figures are to be reproduced in grayscale (black and white), submit in
grayscale. Often color will mask contrast problems that are apparent only when the figure is
reproduced in grayscale.

e Color Figures. If figures are to appear in color in the print journal, files must be submitted in
CMYK color (not RGB).

e Photomicrographs. Photomicrographs must have their unmagnified size designated, either in
the caption or with a scale bar on the figure. Reduction for publication can make a magnification
power designation (e.g., 100X) inappropriate.

e Caption. The caption should provide sufficient information that the figure can be understood
with excessive reference to the text. All author-derived abbreviations used in the figure should
be defined in the caption.

e General Tips. Avoid the use of three-dimensional bar charts, unless essential to the presentation
of the data. Use the simplest shading scheme possible to present the data clearly. Ensure that
data, symbols, axis labels, lines, and key are clear and easily readable at final publication size.

Color Images.The cost to publish in color is $995 per figure; there is also a surcharge for color
offprints. The corresponding author should complete a “Charges for Printing in Color” form, available
on the journal website (www.poultryscience.org/japr), and fax (217-378-4083) that form to the JAPR
editorial office when a manuscript with color figures is accepted for publication.

Sample References

NOTE: The headings that appear above the following sample references and notes are for clarifica-
tion in these instructions, but they are not used in an actual paper, except for Acknowledgment.

Refereed Journal Article

Dansky, L. M., and F. W. Hill. 1952. Application of the chromic oxide indicator method to balance
studies with growing chicks. J. Nutr. 47:449-459.

Snow, J. L., M. W. Douglas, and C. M. Parsons. 2003. Phytase effects on amino acid digestibility
in molted laying hens. Poult. Sci. 82:474-477.

Monograph

National Research Council. 1984. Nutrient Requirements of Domestic Animals. Nutrient Require-
ments of Poultry. 8th rev. ed. Natl. Acad. Sci., Washington, DC.

Dissertation

Heskett, E. A. 2003. Efficacy of a recombinant herpes virus of turkeys vector vaccine, expressing
genes to Newcastle disease virus and Marek’s disease virus, in chickens and turkeys against exotic
Newcastle disease virus challenge. Ph.D. Diss., Univ. Florida, Gainesville.

Trade Journal

Wilgus, H. S. 1973. Temperature-programmed feeding schedules and other means of conserving
protein in market turkey production. Feedstuffs 45(27):27-31.

Chapter in Book

Whittow, G. C. 1976. Regulation of body temperature. Pages 146173 in Avian Physiology. P.
D. Sturkie, ed. Springer-Verlag, New York.
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Proceedings

Leeson, B. 1990. Factors influencing utilization of feed-grade fats by poultry. Pages 95-109 in
Proc. 26th Guelph Nutr. Conf., Guelph, ON, Canada.

Federal Register

Department of Agriculture, Plant and Animal Health Inspection Service. 2004. Blood and tissue
collections at slaughtering and rendering establishments, final rule. 9CFR part 71. Fed. Regist.
69:10137-10151.

Laboratory Procedure
The extract was added to 30 mL of hexane, made to 100 mL with 10% aqueous Na,SO,.
Personal Communication

Stetka, P. R. 1999. Institute, city, state. Personal communication.

Proprietary Product

Incubator, Petersime, Zulte, Belgium (www.petersime.com).
Avizyme TX, Finnfeed International, Marlborough, Wiltshire, UK.
Thymol, 99% purity; Acros Organics, Geel, Belgium.

Statistical Procedure

If anote has an embedded reference, the reference is cited by number (as in the text) or parenthetically
within the note.

Data were analyzed by analysis of variance with flocks as the independent variable. When differences
among flocks were significant, means were separated using Duncan’s multiple range test (SAS User’s
Guide, 2001, Version 8 ed., SAS Inst. Inc., Cary, NC). Pearson product-moment correlation coefficients
were calculated between average percentage cracks from each flock recorded every week and average
values for egg-specific gravity, breaking strength, percentage shell, shell thickness, and shell weight
per unit of surface area. Significance implies P < 0.05.

Statistical Software
SAS User’s Guide. 2001. Version 8 ed. SAS Inst. Inc., Cary, NC.
Web Site

Schaeffer, L. R. 1997. Random regression. http://chuckagsci.colostate.edu/wais/logs/
agdg869258263.html Accessed Nov. 1997.
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if previously defined. This list appears on the inside, front cover of the journal.
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AME
AME,

ANOVA
BSA
BW

°C
cDNA
CF

CpP

cpm

CV

df
DM
DNA
EDTA
EE

°F

ft

gal
GLM

HPLC

ICU

Ig
im.

i.p.
U
iv.
keal

TTEOZF

apparent metabolizable energy

nitrogen-corrected apparent metabolizable
energy

analysis of variance

bovine serum albumin

body weight

Celcius

complementary DNA

crude fiber

crude protein

counts per minute

coefficient of variation

day
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