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RESUMO

Dissertacao de Mestrado
Programa de P6s-Graduacdo em Zootecnia
Universidade Federal de Santa Maria

ACIDO BENZOICO E OLEOS ESSENCIAIS COMO ALTERNATIVA
AOS PROMOTORES DE CRESCIMENTO PARA FRANGOS DE
CORTE

AUTORA: PATRICIA CRUZ ARISTIMUNHA
ORIENTADOR: ALEXANDRE PIRES ROSA
Data e Local da Defesa: Santa Maria, 27 de fevedsr2013.

Os antimicrobianos (antibiéticos) promotores des@raento vém sendo utilizados ha mais de
50 anos na producéo de frangos de corte para maelbodesempenho zootécnico e prevenir
doencas. Porém, devido as diversas discussdes aqiwssibilidade de resisténcia bacteriana
pelo uso destes antimicrobianos e as limitagdesnationais de aquisicdo de produtos carneos
oriundos de paises onde ocorre 0 uso destes pnasptem-se buscado produtos alternativos
para a substituicAio dos mesmos. O objetivo desteleedoi avaliar a adicdo do produto
CRINA® Poutry Plus (CPP), uma combinacdo de compostoscit denzoéico e 6leos
essenciais, em dietas de frangos de corte e sua @ga@o alternativa aos antibidticos
promotores de crescimento. Mil quinhentos e cintpigintos de corte Cobb 500, machos,
foram distribuidos em delineamento experimentatiiaimente casualizado composto por 5
tratamentos com 10 repeticdes de 31 aves por ¢cépefhs dietas foram: CN — controle
negativo, dieta sem promotor de crescimento; Cl®ntrale positivo, dieta com 10 ppm de
Avilamicina (AVI); DCPP - dieta com 300 ppm de CB® 1-42 dias; AVil-21¢f CPR22.42q)-
dieta com 10 ppm de AVI de 1-21 dias e 300 ppm BE Ge 22-42dias e AVI+CRR2q)—
dieta com 10 ppm de AVI e 300 ppm de CPP de 1-42diadas as dietas possuiam 0s mesmos
niveis nutricionais. Os dados foram submetidos XN e teste de Tukey. Aos 42 dias de
idade, aves do CN apresentaram meRe0(0001) peso corporal que 0s outros tratamentos, e
aves do tratamento DCPP tiveram melhor peso quemiparadas ao CP. No periodo de 1-42
dias, a dieta DCPP aumentd=0,0001) o ganho de peso das aves em relacdo &N Em
relacdo as aves do CN, todas as outras apresentahmres conversdo alimentar no periodo
de 1-42 diasR=0,0001) e indice de Eficiéncia Produtia=0,0030). Aves alimentadas com
DCPP, AV|{1.21d/CPR22.424)€ AVI+CPP1.42q) apresentaram maior ganho de peso médio diario
(P=0,0001) que as aves alimentadas com CN e CP. ésday CN obtiveram menor resultado
na availagdo de comprimento intestingkQ,0223) que aves do CP e AVIGPR;1.42qy Os
escores de lesdo p&r acervulinaforam maiores nas aves do CRE(Q,0050) e as aves dos
demais tratamentos nao apresentaram diferencaficsigmas entre si. Park. maximae E.
tenellando foram encontradas diferencas significativasreéultados sugerem que o CRNA
Poutry Plus pode ser utilizado como uma alternatas antibioticos promotores de
crescimento na alimentacéo de frangos de cortepsgjizos no desempenho das aves.

Palavras-chave: Aditivos fitogénicos. Acido benzoéico. Promotor derescimento
alternativo. Producéo avicola
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BENZOIC ACID AND ESSENTIAL OIL COMPOUNDS AS AN
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BROILER DIETS
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In the last 50 years the antibiotic growth prometeave been used in feed to improve the
performance and prevent diseases in broilers. Hexyele to several discussions about the
possibility of bacterial resistance induction atal the international limitations of meat
purchase from countries where these promoters sed, .some alternative products has
been searched in order to substitute those onés siiddy aimed to evaluate the addition of
CRINA® Poutry Plus(CPP), a blend of benzoic acid and essentialasiigounds, in broiler
diets and its action as an alternative to antibigtiowth promoters. One thousand five
hundred fifty one-day old Cobb 500 males were used randomly assigned in 5
treatments with 10 replicate pens of 31 birds eddte diets were: NC-without growth
promoters; PC-with 10 ppm of Avilamycin (AVI); CPR&ith 300 ppm of CPP from 1-42
days; AVli1-210fCPR22-42qy With 10 ppm AVI from 1-21 days and 300 ppm of Cifén
22-42d and AVI+CPR.42q)-with 10 ppm AVI and 300 ppm of CPP from 1-42d. #ie
diets had the same nutrient levelfie data were submitted to ANOVA and Tukey’s test.
At 42 days the NC group had lowd?=0.0001) body weight than others treatments, and
CPPD had better weight than PC. CPPD diet increé®<0.001) body weight gain in 1-
42d period compared to birds fed on NC diet anddr€. In relation to NC, all other
groups showed better feed conversion rd&e0(001) on 1-42 period and European
Productive Efficiency IndexR<0.001). Birds fed with CPPD, AWl214/CPR22-424yand
AVI+CPP.42q) presented higher average daily gain than birdsafigadl NC and PC diets.
The NC birds showed lower result in gut lengPt@.022) than PC and AVI €PR1.42q)
The lesion scores bl. acervulinawas highest in the NGP€0.005) and other treatments
didn’t show significant differences. F&: maximaandE. tenella no significant differences
were found. The results suggest tRINA® Poutry Pluscan be used as an alternative
product to antibiotic growth promoters in broileretd without losses in productive
performance.

Key words: Alternative growth promoters. Poultry. Benzoic Aciinimal performance.
Plant extracts.
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INTRODUCAO

A avicultura industrial brasileira destaca-se couma das atividades mais dinamica,
avancada tecnologicamente, competitiva e fortemenotesolidada nos mercados interno e
externo. A atividade absorve uma porcentagem esipeesia producdo nacional de graos,
possibilita o desenvolvimento de novas regidesyroeato da producdo agricola, a fixacdo do
agricultor no campo e conseqiente geracdo de aguédém disso, tem se destacado cada vez
mais pela capacidade de alta e rapida producadindendéos de excelente qualidade e de baixo
custo, permitindo a populacao de todas as rendas i@cesso a proteina animal, prova disso € o
alto consumo nacionaler capitada carne de frango que, em 2010, alcancou 44 kKgAO
BRASILEIRA DE AVICULTURA, 2011).

A carne de frango representa um dos principais yposdque compdem a balanca
econdbmica do pais, sendo que no primeiro trimedre?2011 as exportacbes deste produto
chegaram a 893,9 mil toneladas, gerando uma redeitdS$ 1,744 bilhdo. Estes resultados
corresponderam a 69% do volume de carnes exporfqdaso carnes), gerando 52% da receita
cambial de carnes (AVISITE, 2011).

Para produzir mais e de forma competitiva, ha ndaiss0 anos, os antimicrobianos
promotores de crescimento vém sendo utilizados uic&do animal para aumentar a
produtividade através do aumento na taxa de crestimreducdo da mortalidade e melhora da
eficiéncia produtiva. Porém, a utilizacdo dos amtiobianos na alimentagdo animal tem sido
tema de debates e discussdes em razdo da possibilida presenca de residuos de
antimicrobianos e de seus metabdlitos em produtosridem animal, da possivel selecdo de
bactérias resistentes e do aparecimento crescentesiténcia aos antibidticos em bactérias
patogénicas.

Devido a estes riscos, os mercados importadoresrganam suas exigéncias em relacéo
aos produtos de origem animal, sendo que a UnidiopEia a partir de 2006 baniu o uso dos
antimicrobianos na alimentagao animal; e o Brasino maior exportador mundial de carne de
frango, deve adaptar-se as exigéncias dos meraagostadores.

Por estas razdes, a industria avicola tem busdtataaivas ao uso dos antimicrobianos,
objetivando manter a mesma eficiéncia produtiva pgrconada pelos promotores
antimicrobianos tradicionais e sem o0 perigo de anda resisténcia microbiana. Faz-se

necessario continuar o desenvolvimento de novasolegias e pesquisas para possibilitar



alternativas de substituicdo aos antibioticos ptomnes de crescimento, dando-se foco ao uso de
combinagBes dos pré-nutrientes disponiveis, comarobidticos, prebibticos, leveduras e
derivados de parede de leveduras, acidos orgamgtiaios vegetais e enzimas, que modificam
de uma maneira menos agressiva a flora intestirmh@vendo um melhor equilibrio desta
(MCCARTNEY, 2008).

Devido as lacunas ainda existentes acerca de pradsitos sdo realmente eficientes ao
substituirem os antibidticos promotores de crestioje este estudo objetivou testar a
combinacdo de acido benzoéico e 6leos essenciamndeada CRINA Poutry Plus, como
aditivo alternativo, através da experimentacdo ahi@ problema de pesquisa e as questdes a
serem respondidas sdo apresentados nesta dissesteg@s de um estudo bibliografico, um

artigo cientifico, e conclusoes.

1 Aditivo zootécnio formulado com &cido benzéico leoé essenciais com contetido minimo de 80% &cido
benzodico, 1% timol, 0,5% eugenol e 0,05% piperD8M Nutritional Products Ltd., P.O. Box 3255 CH-200
Basel, Switzerland



CAPITULO 1

1. ESTUDO BIBLIOGRAFICO

1.1 Antimicrobianos promotores de crescimento

O efeito de antibiéticos como promotores de cresntmfoi descoberto em 1940, quando
se observou melhora de crescimento em animais rafiwies com micelios d8treptomyces
aureofacienscontendo clortetraciclina. A partir de entdo, oibadticos vém sendo utilizados
como promotores de crescimento na avicultura (CASON, 2007).

Os antibioticos promotores de crescimento (APC)d&dimidos pela Organizagdo Mundial
de Saude como agentes antibidticos utilizados cgmnopdsito de aumentar o ganho de peso
diario ou a eficiéncia alimentar em animais prockgale alimentos. Agente antibiotico é definido
pelo mesmo 6rgdo como toda substancia de origeunahasintética ou semi-sintética, que em
baixas concentragBes destréi ou inibe o crescimdatmicroorganismos, causando pequeno ou
nenhum dano ao organismo hospedeiro (WHO, 2000).

O uso dos antibioticos € estritamente reguladospatgncias internacionai®od and
Drug Administration (FDA) e U.S. Department of Agricultur§fUSDA), sendo a FDA
responsével por aprovar o uso de antibiéticos oduygpéo avicola (DONOGHUE, 2003).

Albuquerque (2005) relata que a melhora no desehnwpeatas aves € obtida por
modificacdes nas bactérias que compdem a florating. A acdo ideal de um aditivo ocorre
sem que haja destruicdo total da flora bacterianaal das aves, pois esta destruicdo reduziria a
barreira protetora natural do trato intestinal,aledo a proliferacdo de cepas patogénicas e
aparecimento de infeccbes graves.

Segundo Santana et al. (2011) os antibioticos pian@® de crescimento sdo utilizados
para controlar ou equilibrar a proliferacdo de &aat gram-positivas que podem liberar
metabdlitos toxicos que comprometem o ganho de, pegoe causam competicdo por nutrientes
com o hospedeiro e estimulo excessivo do sistemadrocal.

Lillehoj e Lee (2012) relatam que esta hipotesagho antimicrobiana direta dos APC

sobre a microflora intestinal é suportada por olzsgres que demonstraram maior crescimento
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de frangos criados em ambientes com desafios sasituplementados com APC e a falta deste
efeito potencializador de crescimento em frangasdos em ambientes livres de patdgenos ou
extremamente limpos.

Dibner e Richards (2005) relatam que o mecanismacée dos antibioticos promotores
de crescimento € no intestino, ja que alguns anitiois ndo sdo absorvidos. Os efeitos diretos
dos APC na microflora s&o o decréscimo da compepgé nutrientes, reducdo dos metabolitos
microbianos responsaveis por deprimir o crescimdagaves e reducao da espessura da parede
intestinal e vilosidades. Essa reducao de espeesaree em parte pela reducao na proliferacéo
celular da mucosa que ocorre na auséncia de psodgiivados da fermentacdo microbiana.
Esta reducédo na espessura de parede pode expbeemento na digestibilidade dos nutrientes
observada com o uso de APC.

Também Niewold (2007) relata que existem cinco miscaos principais para explicar a
acao dos APC:

. Inibicdo de infec¢des subclinicas e diminuicdo dastos metabdlicos do
sistema imune;

. Reducdo de metabdlitos produzidos pelos microosgams, como amonia e
produtos de degradacao da bile, que levam a redig;éescimento das aves;

. Reducéo do uso de nutrientes pelos microorganismos;

. Os antibidticos promotores de crescimento se a@muhas células
inflamatorias: esta acdo aumentaria a morte irltriezede bactérias e inibiria
parte da resposta imune inata das aves (inibindgéa de células fagociticas e
fungbes das células inflamatérias como quimiotaxiegducdo de espécies
reativas de oxigénio e producdo de citocinas pavmdtorias). A reducdo nos
niveis de citocinas pro-infamatoérias reduziriam stireulo catabodlico e a
consequente perda de apetite (Figura 1), melhorardksempenho dos animais.
Estas afirmacdes sobre este mecanismo de aca@isaboradas pelos trabalhos
de Labro (1998, 2000);

. Melhora na absorgéo e utilizacdo dos nutrientesspahimais por tornar a
parede intestinal mais fina. Como os antibidti@uzem os niveis de inflamacéo
intestinal, reduzem o acumulo de células inflamasona mucosa, levando esta a

ficar mais fina.
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Figura 1 — Respostas inflamatdrias das aves pevattdeo tecidual

Fonte: adaptado de Niewold (2007)

1.1.1 As restricdes ao uso de antibioticos commptores de crescimento

O uso de antimicrobianos como promotores de cresdonna alimentagdo animal tem
sido questionado em funcdo do desenvolvimento d&elas resistentes. Um dos primeiros
relatos desta resisténcia na producdo animal faizezlo por Elliott e Barnes (1959), que
observaram resisténcia a tetraciclina em frangasode. Outros pesquisadores, como Collignon
(1999) relataram a resisténcia Baterococcus sppassociada ao uso de avoparcina como
promotor de crescimento em animais de produg&o.

Segundo Kelley et al. (1998), em uma populacdoadtebas, em um ambiente natural,

aproximadamente 2% s&o resistentes a qualquer digp@ntibiotico. No entanto, em uma
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populacdo bacteriana isolada de animais expostpsarenente ao uso de antibioticos, mais de
10% tém sido identificadas como resistentes. Hstarerias resistentes sdo eliminadas nas fezes,
onde podem trocar plasmidios extracromossomaisteesés a antibidticos (r-plasmidios) com
as bactérias nativas, que se disseminam para @rtiosis.Salmonella sppe seus r-plasmidios
tém sido estudados nos residuos de producéo avectdan se mostrado capazes de transmitir
resisténcia para outras espécies, incluiadooli.

Além disso, de acordo com Donoghue (2003) entreoosumidores ha uma crenca de
que os produtos comestiveis oriundos das aves grossitas concentracoes de residuos de
medicamentos. Esta crenca € reforcada pela migialggo aAmerican Airlinegpublicou em sua
revista AmericanWay; distribuida em sua frota, um artigo de Gask0(2) recomendando a
ingestdo apenas de aves “organicas”, por causehawsonios e antibioticos utilizados nas
producdes industriais.

Devido a estas discussbes sobre resisténcia laaeeassociada a producdo animal,
surgiram os regulamentos internacionais impedindmg@ortacdo (e producgéo), por parte de
alguns importadores, de produtos de origem animmalgee se faz o uso de promotores de
crescimento antimicrobianos.

Em 1997 aWorld Health Organizatiof(WHQO) e em 1998 d&conomic and Social
Committee of the European Unigoncluiram que o uso de antibiéticos em animassirtedos
para a alimentacdo humana € questdo de saludeghblrimeira nacdo a eliminar o uso de
antibioticos promotores foi a Suécia em 1986, ntasrdrar para a Unido Européia em 1995, o
uso foi autorizado até dezembro de 1998 (CASTANZIN,7).

Em 1995 e 1996, Dinamarca e Alemanha proibiramoodgésavoparcina, argumentando
que este antibidtico glicopeptidico produziria s&&icia aos antibidticos glicopeptidicos
utilizados em humanos. Em 1998, Finlandia proibuso de espiramicina e a Dinamarca 0 uso
de virginamicina. Em 1998, o Regulamento 2821/1@9&onselho da Unido Européia tambéem
baniu o uso de bacitracina de zinco, ja que efezada em tratamentos de pele em humanos
(CASTANON, 2007).

No Regulamento (CE) n.° 1831/2003 do Parlament@mfau e do Conselho, de 22 de

Setembro de 2003, consta:

E pois necessario estabelecer uma data ap6s a juaksiida a utilizacio de
antibiéticos ainda autorizados coffia@toresde crescimento, prevendo simultaneamente
um periodo suficiente para o desenvolvimento delytas alternativos para substituir
esses antibidticos. Deverdo tomar-se medidas panbipa autorizacdo de novos
antibioticos para utilizagcdo como aditivos na ahlitagéo animal (...) (PARLAMENTO
EUROPEU E O CONSELHO DA UNIAO EUROPEIA, 2003)
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Desde 2006 a Unido Européia ndo usa e nao impartaios de origem animal em que
foram utilizados determinados antimicrobianos, deva preocupagdo com a transmissdo e
proliferac@o de bactérias resistentes atravésdizdiaalimentar (BRENES; ROURA, 2010).

De acordo com Dibner e Richards (2005) nos Estddiosios tem havido poucas
atividades regulatérias em relacédo ao uso de ARComendacdes para reduzir ou eliminar o
uso de antibioticos na alimentacdo animal forartageeém relatérios dasstitute of Medicine
(1980, 1989), Council for Agricultural Science and Technolod$981), World Health
Organization(1997) eCommittee on Drug Use in Food Animgk998). Em 2000, a WHO
sugeriu que os APC que estdo na mesma classe tiloi$taoos utilizados em humanos sejam
rapidamente retirados da producdo animal. Tambégarisuque os antibiodticos na producéo
animal sejam utilizados apenas de forma terapéetpza prescri¢ao.

Apesar das poucas regulacdes nos Estados Unidaxyngsimidores americanos vém
pressionando a industria e comércio a remover @3 @& alimentacdo animal. Exemplo disso é
que os web sites delcDonald’s Corporatione daKFC Corporation possuem declaracdes de
gue nao aceitam carne de frango que utilizaram ARBNER; RICHARDS, 2005)

Apos a proibicdo dos APC na Dinamarca, segundegistros, as mortalidades devido a
enterite necrotica ndo aumentaram. Deve ser olikgrv@ entanto, que o consumo do ionoforo
anticoccidiano salinomicina, que tem atividade @iostridium perfringenstem aumentado
na Dinamarca desde a proibicdo dos APC (DIBNER @HRIRDS, 2005). No Regulamento
(CE) n.° 1831/2003 do Parlamento Europeu e do Qlomsmonsta que o uso de substancias
coccidiostaticas como aditivos para alimentacamahdeveria ser gradualmente suprimida até
31 de dezembro de 2012, o que efetivamente naoeocor

Segundo o relatério da Comissdao das Comunidadesp&ias ao Conselho e ao
Parlamento Europeu sobre a utilizacdo de coccatioss e histomonostaticos como aditivos
destinados a alimentacdo animal, de 05 de maidd@8,2 uso profilatico de coccidiostaticos
serd mantido, porém a Comissdo Europeia continmadcompanhar a criacdo de novas
substancias e de técnicas de prevencdo das do@@CAISSAO DAS COMUNIDADES
EUROPEIAS, 2008).

Estas regulamentacdes tém forcado os paises quiatezesse em exportar produtos de
origem animal a buscar alternativas que garantaomescimento dos animais sem afetar a
qualidade do produto final (SANTURIO et al., 200#)também relevante o fato de que estudos
e experiéncias praticas de retirada gradativa dtiisiéticos como promotores de crescimento de
dietas de frangos tém demonstrado reducédo no deséimplas aves e na lucratividade do setor
avicola (CASTANON, 2007).
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1.2 Acidos organicos

Os acidos organicos sao moléculas formadas por rupogecarboxila, semelhante aos
acidos graxos, aminoacidos e outras substanci@miogs. Quando se fala em acidos orgéanicos
trata-se de &cidos graxos volateis de cadeia cdn@nados de “fracos”, que permanecem
relativamente estaveis no trato gastrointestina dnimais. Os &cidos fracos sdo potentes
inibidores do transporte de aminoacidos por paateaglulas fungicas, pela ionizagéo interna no
citoplasma e acidificacdo do conteudo celular (GBNEZS et al. 2005).

Apods sua ingestdo, os acidos organicos tem suamlad®y antimicrobiana direta mais
elevada no papo e moela das aves, que possuemapaadade limitada de modificar o pH da
digesta (DIBNER; BUTTIN, 2002). Segundo PartaneMmz (1999), os acidos organicos
podem influenciar a morfologia da mucosa do traast@intestinal, bem como estimular a
secrecdo pancredtica e servir como substrato naboletmo intermediario. Esses possiveis
beneficios podem resultar na melhoria do metaboligastrointestinal, favorecendo o processo
de digestdo, absorcao e retencao de nutrientes.

De acordo com Dahiya et al. (2006) o principio eéhao modo de acdo dos acidos
organicos nos microorganismos € que os mesmosparfosma ndo dissociada (ndo ionizada,
mais lipofilica), conseguem penetrar a parede a&eldeste microorganismos e alterar sua
fisiologia. Nas bactérias, eles reduzem o pH imteencomo as bactérias ndo toleram grandes
variacbes de pH entre 0 meio externo e intern@baga a gastarem energia e, eventualmente,
pararem seu crescimento ou morrerem tentando tsamguH interno aos niveis normais.

Corroborando estas afirmacdes, Viola e Vieira (20@firmam que a atividade
antimicrobiana dos acidos organicos esta relacmrmadeducdo do pH e a capacidade de
dissociacao de suas carboxilas. Quando estéo efarsugnao dissociada estes acidos penetram
passivamente na célula microbiana, liberando psd&anions, o que resulta em redu¢éo do pH
intracelular, inibindo a acdo de enzimas e poddedar o microorganismo a morte. Esta acéo
depende do acumulo de anions no conteudo intracelalmicroorganismo.

Outro mecanismo dos acidos organicos, toxico paramn@roorganismos, é que eles
interferem na estrutura e transporte elétrico denlbmana citoplasmatica, reduzindo a producao
de ATP. A acado antimicrobiana se d& pela combinadgédissipacdo da forca préton-motiva e
inabilidade do microorganismo em manter o pH irdeseguida pela desnaturagcédo das proteinas

sensiveis aos acidos, incluindo o DNA (RIKE, 2003).
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Dibner e Buttin (2002) relatam que os acidos om@nidesempenham um papel
importante na reducao de microorganismos c&saherichia coliCampylobactee Salmonella
De acordo com os autores, a administracéo destdsitps na dieta resulta na melhorastitus
imunitario das aves, através da reducéo de infecgdieclinicas, contribuindo com o aumento na
absorcéo de nutrientes. Ainda, afirmam que esidssiaumentam a digestibilidade de proteina
e energia pela reducdo da competicdo microbiananpuoientes e das perdas enddégenas de
nitrogénio, reduzem o pH da digesta e aumentarorag@® pancreatica.

Misturas de diferentes acidos organicos induzemamges na microbiota intestinal,
tornando-a mais homogénea e aumentando a coloaiziagh por lactobacilos em frangos de
corte (WEBER et al., 2012). Em experimento conduzidr Calaga (2009), com aves desafiadas
com Salmonella Enteritidie Eimeria tenella no qual se avaliou o efeito de uma mistura de
acidos organicos (acido acético, férmico e promi@niadicionada a racdo, foram encontradas
melhorias do desempenho zootécnico e reflexosipasiho controle dSalmonella Enteritidig

Eimeria tenella.

1.2.1 Acido benzéico

Entre os &cidos organicos, o acido benzéico (acmmzeno carboxilico ou
carboxilbenzeno) é um dos mais importantes acidobogilicos aroméaticos. Esse acido foi
obtido pela primeira vez no comeco do século X\dt gcheele, por meio da sublimagédo da
goma de benzoin&tyrax benzoin(GHELER et al., 2009). Ha mais de 100 anos é eoidlo o
poder de inibicdo fungica deste acido, e por calesta propriedade, vem sendo usado para
preservacdo de alimentos como sucos de frutasgspieinho e preparagbes farmacéuticas
(KREBS et al., 1983).

Em termos de uso internacional dos acidos organMe€artney (2008) afirma que o
formato de potassio e acido benzéico sao dois poschioneiros aprovados na Unido Européia
como aditivos zootécnicos (promotores de desempeamhasuinos, em dosagens de 5 a 18 kg/t
de ragéo.

A taxa de absor¢ao dos acidos organicos depensieudepKa (potencial de dissociacéo =
- log Ka) e do pH intestinal. Acidos graxos de ¢aderta s&o rapidamente absorvidos quando o
pH do limen esta abaixo de seus pKa. Embora o pebdteddo de ileo, ceco e colon estejam

geralmente acima dos valores do pKa dos acidoadamg manteria quase que totalmente na sua
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forma ionizada e pouco absorvida), ocorre uma guedaalor do pH na superficie absortiva

devido a troca ibnica (Na-H) exercida pelas céldiagpitélio, transformando-os na forma né&o-
ionizada e absorvivel, devido ao gradiente elefraguo constante estabelecido entre o lumen e
a célula epitelial (PARTANEN; MROZ, 1999).

Como as medidas do pH dos segmentos intestina@véasapresentam valores de 6,4 no
duodeno, 6,6 no jejuno e 7,2 no ileo, determinadidificantes agirdo melhor em uma porcao
do sistema digestivo e outros em outras porc¢oeaci@ benzdico, com o pKa de 4,19 possui
acao bactericida em pH mais elevado do que outid®sy como o latico (pKa 3,82); ou seja,
age melhor do que outros acidos em todas as pod@dsato gastrointestinal, incluindo a
posterior (FRANCO, 2009).

Estudos demonstram que o acido benzéico tem pdgmés antimicrobianas
principalmente por seu efeito inibitorio sobre dszs enzimas microbianas, em particular a alfa-
cetoglutarato desidrogenase e succinato desidrege(lLUGE et al., 2006), inibindo a
sequéncia do Ciclo de Krebs, como apresentadgueafl.

O &cido benzoico tem sido identificado como um iefie aditivo alimentar para
promover a melhora no desempenho zootécnico, restiijidade dos nutrientes e no balanco
de nitrogénio, assim como reduzir a populacdo detéhas gram-negativas no trato
gastrintestinal de suinos. Também se encontrowg@ddo namero de coliformes nos cecos de
pintos de corte, indicando que a atividade antiohigma do &cido benzdéico pode influenciar
beneficamente a saude do intestino das aves (WEBBR2012).

Viola e Vieira (2007) avaliaram o efeito da suplatagdo de acidificantes (mistura de
acidos lactico, formico, citrico, acético, ortof@msto e benzdico) na dieta sobre o desempenho
zootécnico e a morfologia intestinal de frangoscdee, através da comparacdo de aves que
receberam antibioticos promotores de crescimewidifisantes ou nenhum aditivo. Houve um
beneficio geral do uso de acidificantes sobre aversdo alimentar, na manutencdo do
desempenho e das condi¢cdes morfoldgicas do inbedélyado das aves, respostas similares aos
beneficios obtidos com o uso de antibiéticos.

No experimento de Rocha (2008) com frangos de atetafiados conBalmonella
Typhimurium observou-se que a mistura de acidos organicado(d@enzoico, fumarico e 2-
hidroxi-metiltio-butanoico), utilizada na dosagene @,4%, potencializou o desempenho
zootécnico, foi eficaz no controle &almonella Typhimuriura protegeu contra lesées hepaticas
quando as aves foram inoculadas experimentalmenieeste patdgeno.
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Figura 2 — Participacdo das enzimas cetoglutarasidcbgenase e succinato desidrogenase no
Ciclo de Krebs

Jozefiak et al. (2007) conduziram um experimento d00 frangos de corte para avaliar
a eficiéncia de diferentes niveis de suplementatgicécido benzdico na dieta. Segundo os
autores a suplementacdo com 2,5g/kg de acido hrenmaidieta ndo melhorou os resultados de
desempenho em relacéo as aves nao suplementadéazeflak et al. (2010) afirmam que em seu
experimento a suplementacdo das dietas de frangoO¢hg/kg de acido benzoico aumentou a
guantidade de matéria seca da digesta, reduziu e pHhumero de bactérias acido laticas no
ceco e reduziu a populagédo de coliformes no ilemmésmo estudo, a adicdo na dosagem de

0,2g/kg deprimiu o crescimento das aves, 0 queygkgaos autores, pode ocorrer por este acido
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se conjugar com a ornitina para ser excretado,csee@ elevadas doses de suplementacao

podem resultar em deficiéncia de arginina, quenéefde ornitina nas aves.

1.3 Oleos essenciais

O uso dos o6leos essenciais € conhecido desde guilatile. Os arabes na Idade Média
utilizavam os 6leos no embalsamamento de corpas, paonservacdo de alimentos e como
antimicrobianos, analgésicos, sedativos, antiirdgmos, espasmoliticos e anestésicos locais
(BAKKALI et al., 2008). O uso de plantas e 6leosraéticos na terapéutica pelos chineses é
muito antigo, tendo relatos em obras de 2700 a.Givi©0 de medicina interna do antigo
Imperador Amarelo da China fala sobre o uso detgdaaromaticas, muitas destas empregadas
também em cerimdnias religiosas (DE LA CRUZ, 2011)

Segundo Menten (2002), os aditivos fitogénicosragas herbais ou extratos vegetais
podem vir a substituir o uso de antimicrobianos @g@romotores de crescimento. Eles contém
misturas de substancias, algumas das quais, paacativos com efeito de promotor de
crescimento me aves e outros animais. Os Oleos@aisesao extraidos por destilacdo a vapor
de diferentes partes das plantas, como florespfraementes, folhas, galhos, cascas, ervas,
madeira, frutas e raizes. Muitos produtos sdo @midda comercialmente com propriedades
terapéuticas e aromatizantes.

Diferentes propriedades e atividades dos 6leoseisse tém sido reportadas na literatura
(BRENES; ROURA, 2010; ERTAS et al.,2005; HERNANDEZ al., 2004; TOLEDO et al,
2007; WILLIAM; LOSA, 2001). Os 6leos essenciaisnt®m chamados 0leos volateis ou 6leos
etéreos, sdo uma mistura complexa de metabdlitomdarios das plantas, como os terpendides,
fenilpropenos de baixa ebulicdo, alcodis, aldeidsteres ciclicos, etc. Varios dos componentes
possuem um amplo espectro de propriedades antimac@s, encontrando-se inibicdo de
crescimento de leveduras, fungos e bactérias.t&testividades bioldgicas como antioxidantes,
hipocolesterolémicos, estimulam o sistema digesti@omentam a producdo de enzimas
digestivas e melhoram as func¢des do figado. Tambétimulam a circulacdo sanguinea,
reduzem os niveis de bactérias patogénicas e nathmestado imunitario das aves.

Applegate et al. (2010) definem os 6leos essenctan® substancias odoriferas contendo
a maior parte dos principios ativos das plantasocbitrocarbonos (terpenos, sesquiterpenos),

compostos oxigenados como alcodis, aldeidos e agtom uma pequena porcentagem de
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residuos nédo volateis (como a parafina). De acooto esses autores, os modos de acao destes

Oleos, para melhorar o desempenho das aves etsiulistipromotores de crescimento, sdo:

Efeito antimicrobiano: diferentes 6leos essenciais tém demonstrado efeittra
bactérias, coccidios e fungos. Apresentam cargifilico e capacidade de penetrar
ou desintegrar a membrana celular de bactériasunflegos autores, os estudos
conduzidos in vivo com 0Oleos essenciais em franigosorte demonstram que nédo ha
uma erradicacéo total de eimerias com o0 uso desi@gos, e sim, uma reducéo na
severidade das lesdes. Assim, os efeitos in vieodeffem ser atribuidos a uma acao
anticoccidiana direta e sim na atenuacao dos nmsoasi de resposta intestinal aos
coccidios.

Estimulacdo de enzimas digestivas Oleos essenciais sdo capazes de estimular a
producdo de enzimas digestivas como lipase, amibasecarboidrases, o que
beneficia a utilizacdo dos nutrientes. Segundoutsr@s, 0 mecanismo de acéo que
leva a esta estimulac&o ainda néo esta esclarecido.

Alteragcbes na morfologia gastrointestinal: mudancas nas caracteristicas
morfologicas, como altura das vilosidades, profdade das criptas ou namero de
células caliciformes, foram obtidos em diversosidss com aves alimentadas com
aditivos fitogénicos.

Digestibilidade: os aditivos fitogénicos tem impacto positivo ngediibilidade
devido a reducdo na competicdo por nutrientes esteyes e sua flora, por estimular
a acao enzimatica e provocar modificacbes na nuwiml gastrointestinal. Este
impacto € variavel, dependendo da composicdo egdosaos aditivos fitogénicos

utilizados.

Estudos prévios confirmam que o produto CRINAoultry (uma mistura de

componentes de Oleos essenciais) e outros Oleesciss exibem atividade antimicrobiana

contra bactérias intestinais con@ostridium perfringes(MITSCH et al., 2004) Salmonella
typhimuriume E. coli(HAMMER et al., 1999; HELANDER et al., 1998). Teml@ relatado que
esta atividade é mediada por propriedades lipafildestes 6leos que os capacitam a perfurar a

membrana bacteriana, liberando componentes cedypara o meio externo (HELANDER et al.,

1998), pela capacidade de estabilizacdo da flaestinal e pela inativacdo de toxinas liberadas
peloC. perfringengMITSCH et al., 2004).

> DSM Nutritional Products Ltd., P.O. Box 3255 CH-20Basel, Switzerland



20

Alguns oleos essenciais também apresentam boadad®ifingica, sendo que o estudo
conduzido por Tampieri et al. (2005) confirmou latigidade contr&€andida albicansTambém
Rao et al. (2010) afirmam que os terpendides feoslconstituintes dos éleos essenciais exibem
uma potente acdo antifUngica contra varios pat&geremtre elesCandida albicans,
Staphylococcus aure@sPseudomonas aeruginogelatam também que os 6leos essenciais sdo
capazes de romper a homeostase de ions nos mangmps fungicos, por suas propriedades
hidrofébicas e lipofilicas. A adicdo de terpendifisdlicos causa um rapido aumento seguido
de decréscimo da concentracdo de iorf @@solico e dessensibilizacdo dos canais destss o
Além disso, aumentam o pH vacuolar pela perda déops do lamen vacuolar, levando a
acidificacdo em nivel citosdlico, o que causa pealsiabilidade celular.

Alguns 6leos essenciais também apresentam a piladeede agentes naturais com
potencial redox, agindo como agentes quimioseigpiles na presenca de antifingicos como o
itraconazol e anfrotericina B. Estes compostosdémo alvo o sistema antioxidante dos fungos
e leveduras, desestabilizando a homeostase redomdemos, agindo de forma sinérgica aos
antifingicos tradicionais. Além disso, alguns dessglitivos fitogénicos atuam inibindo o
complexo lll da cadeia respiratoria fungica. Esteis mecanismos inviabilizam o crescimento e
sobrevivéncia fungica, através do stress oxidafrapida producdo de espécies reativas de
oxigénio) (KIM et al. 2012).

Resultados positivos no desempenho de frangos de doram encontrados por
Buchanam et al. (2008) que utilizaram aditivosgiénicos em dois tipos de dietas (dieta de alto
desempenho e dieta de baixo custo). Eles ndo eacamt diferencas significativas nos ganho de
peso e mortalidade das aves, mas detectaram getaafamulada para desempenho maximo
guando suplementada com um dos aditivos fitogénmelorou a conversao alimentar em
relacdo a mesma dieta sem o aditivo.

Ja os experimentos com frangos de corte conduzidod.ee et al. (2003), Jang et al
(2007) e Barreto et al. (2008), onde foram testaosfeitos da inclusdo de diferentes aditivos
fitogénicos, incluindo o CRINA® Poultry, ndo apresam diferencas significativas entre
tratamentos nas respostas de desempenho das ralas)dio-se nestes o consumo alimentar,
ganho de peso, peso corporal e conversao alimentar.

Também Hernandez et al. (2004) testaram a inflaédei dois aditivos fitogénicos no
desempenho, digestibilidade e peso de 6rgdos emgosae ndo encontraram diferencas na
conversao alimentar, peso corporal e peso de imbss¢éntre os tratamentos. Porém, houve uma
reducdo na mortalidade das aves suplementadas lem® @ssenciais em relacdo as aves do

grupo controle negativo e positivo (com APC).
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Quanto a associacdo de 0Oleos essenciais e acigasians, foi relatado que o uso do
CRINA® Poultry associado com &cido latico em dietas dagos de corte, melhorou o0 peso
corporal final e converséo alimentar em relacaavés que recebem o promotor de crescimento
convencional (APC) (JANG et al., 2004). Vieira ét @008), testando a suplementacdo de
frangos de corte com aditivos fitogénicos, umaungstie acidos organicos e a associacao destes
aditivos (fitogénicos + acidos organicos), coneairque os aditivos fitogénicos ou os acidos
organicos aumentaram o peso corporal aos 21 d@se @ conversdo alimentar do periodo total
(1-42 dias) foi melhorada pelo uso dos aditivosginicos, individualmente, e pela sua
associacdo com acidos organicos em relacdo ao gompmle (sem aditivos).

Em relacdo ao impacto do uso de Oleos essenciaides@es causadas por eimerias,
Oviedo-Rondén et al. (2006a) concluiram que o usopdutos como CRINA Poultry e
CRINA® Alternaté em dietasle frangos de corte reduziram as lesées de eimesidsiodeno e
ceco de aves vacinadas ou ndo contra coccidiosenawaencontraram diferencas significativas
em lesdes localizadas no ileo e jejuno. Giannehak €003) relatam que os escores de lesdes
de Eimeria tenellaem aves experimentalmente infectadas e suplementada 6leos essenciais
foram menores que no grupo controle infectado, aapgs serem maiores que 0s escores do
grupo alimentado com lasalocida.

O oposto € mencionado por Oviedo-Rondon et al. 52Q0e estudaram a resposta de
frangos vacinados contra coccidiose & suplementamdndleos essenciais (CRINA® Pouftry
and CRINA® Alternate) e encontraram que o0s esadedesdes por eimerias ndo foram afetados
pelos tratamentos aos 37 dias de idade dos frangos.

O estresse das aves e a infec¢cdo por coccidiogdarasem drasticas mudancas na
microbiota intestinal. O uso de 6leos essenciaidutaa microbiota em caso de desafio por
coccidiose e reduz as mudancas na ecologia micrabeausadas pela infeccéo, independente
dos frangos serem vacinados ou n&o (OVIEDO-RONDO#. €2006b).

Em relacdo a viabilidade econdémica, Scheuermanal.ef2009) verificaram que a
utilizagdo de um aditivo fitogénico comercial pbdgiou a reducdo do custo da racdo necessaria
para produzir um frango ou uma tonelada de pesm #gsa vantagem econdmica foi constatada
quando o aditivo fitogénico foi usado em racGes coweis reduzidos de energia e nutrientes
(Ca, P e aminoécidos), calculada com base nos déElaesempenho e preco comercial dos

ingredientes da racéo.

* DSM Nutritional Products Ltd., P.O. Box 3255 CH-20Basel, Switzerland
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1.3.1 Os principios ativos eugenol, timol e pip&rin

Eugenol

s

O eugenol, um metoxifenol com uma cadeia curta ideotarbono, é encontrado em
folhas de louro e dleos extraidos dos cravos elazdhEO et al., 2005). O 6leo essencial de
canela Cinnamomum zeylanicunBlume) é utilizado como flavorizante, aromatizardge
conservante natural de alimentos e demonstra idap@ de inibir fungos e bactérias. Foram
identificados 23 constituintes no dleo essencitidoldesta planta, sendo o eugenol a substancia
que apresentou maior percentual (60%) (ZAGO e2a09).

Zago et al. (2009) relatam que o cra®yZygium aromaticuynpertencente a familia
Myrtaceae, tem como principal constituinte o eugjesendo esta substéncia de reconhecida
atividade antibacteriana e antifingica, e tambémag ativa quando testada frente a linhagens
deE. coli.

Outra propriedade do eugenol é o seu efeito adi@oke. Segundo Morais et al. (2009),
antioxidantes sdo compostos que atuam inibindodifounuindo os efeitos desencadeados pelos
radicais livres e compostos oxidantes. Ito et 2006) relatam que a oxidacdo dependente de
cobre das lipoproteinas de baixa densidade (LD ps@encialmente inibidas pelo eugenol. Esta
inibicdo da oxidagéo esta intimamente ligada corati@glades de reducdo do cobre (formando
complexos incapazes de reagir com o oxigénio)mimdicdo de um radical estavel, 1,10-difenil-
2-picrilhidrazil (DPPH). Em nivel microssomal, ogemol inibe a peroxidacéo lipidica atraves
da inibicdo da formacéo de acido barbitarico reatproducéo esta que seria induzida por metais
e pelo acido ascorbico e que provoca a peroxidacao.

Morais et al. (2009) conduziram um trabalho combgetvo avaliar a agao antioxidante
de uma variedade de chas e condimentos consumidBsasil, entre eles os d&nnamonum
zeylanicumEugenia aromaticaill e Laurus nobilis cujo principal principio ativo antioxidante
€ o eugenol. O método utilizado para avaliar a agdioxidante foi o da atividade sequestradora
de radicais livres DPPH em solucdo metandlica. $ama amostras analisadas demonstraram
atividade antioxidante em suas diferentes conogidss sendo que os condimentos mais ativos
foram o cha verdeGamelia sinensisido-fermentada), a canel@iinamonum zeylanicymo
cravo Eugenia aromaticaaill, outra espécie de cravo, também da familiathddeae) e o louro

Laurus nobilis
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De acordo com Buchbauer (2010) o extrato de falledsaurus nobilis(com alto teor de
eugenol) demonstra alto poder antioxidante. Em nsaie de DPPH o0 6leo essenciall@deirus
nobilis exibiu uma atividade antioxidante de quase 90%a concentracao de 20 g/ L.

Em relacdo a atividade antimicrobiana do eugerend)if2001) afirma que os principios
ativos dos 0leos essenciais com maior atividadienambbiana in vitro sdo o aldeido cinamico
(6leo de canela e de casca de cassia) e os comfestdicos eugenol (6leo da folha do cravo e
da canela) e timol (6leo de tomilho). Estes dlesserciais apresentam um amplo espectro de
acdo antimicrobiana em ensaios in vitro, devidoaas®lubilidade em agua e volatilidade.

O eugenol também pode ser uma boa alternativa diecde dos impactos ambientais
associados a producdo animal. Quando adicionadestarco animal, o eugenol reduz a
producdo de 4cidos graxos volateis (responsaviisoger emitido a partir de residuos animais)
em 70 e 50% em dejetos bovinos e suinos respeditamarmazenados em condicdes
anaerobicas. Além disso, suprime a atividade miarnzb (coliformes fecais) e estimula o
acumulo de lactato, que por sua vez baixa o pHsthy@ e conserva 0 nitrogénio amoniacal no
residuo (VAREL; MILLER, 2004).

O timol € um composto fenolico com propriedadegr@ntobianas encontrado nos Oleos
de diferentes plantas, entre elas o tomilfiby(us vulgaris e outras espécies do género
Thymus as espécies dos génef@dsimum(e.g. manjericao) #onarda(e.g. bergamota silvestre
e balsamo de abelha).

Por suas propriedades antissépticas € o princigaekdiente em formulas comerciais de
bochechos para higiene bucal. Isto pode explicasade tomilho em fitoterapia para tratar a
cavidade bucal e infecgdes de garganta. E tambéto ntilizado como aditivo de uma série de
alimentos e bebidas (JAGER, 2010).

Geralmente é mais eficaz contra bactérias grantipasi(e.g. Listeria monocytogenes,
Staphylococcus aureus e Bacillus cejeumrque, ao contrario de bactérias gram-negativas
estas ndo possuem a membrana externa. Apesar elisdoactérias gram-negativas, tais como
Salmonellae E. coli, os 6leos essenciais sdo eficazes em penetrambénamea externa, o que é
essencial para sua atividade antimicrobiana (HOFRNPENNESI; WU, 2010).

Um ensaio in vitro foi conduzido medindo a atividaahtimicrobiana de Oleos essenciais

de Coridothymus capitatysSatureja montanaThymus mastichina, Thymus zygi©eganum
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vulgare contra cepas aviarias d@escherichia coli, Salmonella enteritidessSalmonella essere
cepas suinas descherichia col(ETEC), Salmonella choleraesuisSalmonella typhimuriun©
6leo de orégang¢Origanum vulgare)mostrou o maior efeito antimicrobiano contra astigua
cepas de&salmonella seguido do 6leo déhymus zygisO 6leo deThymus mastichinéoi capaz

de inibir todos os microrganismos na concentracais mlevada (4%). Segundo os autores, 0s
resultados confirmam o potencial de aplicacdo deéteos no tratamento e prevencdo de
patologias intestinais de aves e suinos (PENALVER. £2005).

Hitokoto et al. (1980) testaram diferentes Oleaersiais para observar a inibicdo de trés
espécies toxigénicas despergillus sendo que o eugenol e o timol causaram inibigaopteta
no desenvolvimento déspergillus flavuse A. versicolor. Farag et al. (1989) obtiveram a
seguinte sequéncia decrescente de atividade ayitifirde Oleos essenciais efspergillus
parasiticus e inibicdo de producdo de suas aflatoxinas: tamitominho, cravo, alcaravia,
alecrim e sélvia.

A acao antibacteriana de diferentes 6leos essenaialuindo o timol, foi testada contra
25 diferentes géneros de bactérias por Dorman @<DE#D00). Todos os 6leos apresentaram
uma consideravel inibicdo contra os organismosdest sendo que o 6leo oriundo Toymus
vulgarisapresentou a maior atividade antibacteriana.

Assim como o carvacrol, o timol protege as lipophoas de baixa densidade (LDL) da
oxidacdo, sendo esta atividade antioxidante demadta concentracdo deste principio ativo:
concentracdes entre 2,5 e 5,0 mM demonstram umatbodade antioxidante (PEARSON et
al., 1997). Hoffman-Pennesi e W2010) relatam qua elevada capacidade antioxidante do 6leo
de tomilho e seus respectivos componentes fazeenutieh alternativa benéfica e natural para
uso como aditivo para a nutricdo animal. Estes astgs sdo reconhecidos como seguros como
aditivos alimentares peldcood and Drug Administratione pela Flavor and Extract
Manufacturers’ Association.

Hoffman-Pennesi e W(2010) afirmam que o timol, quando suplementadalista de
frangos de corte ndo afeta o desempenho das aveslagéo ao grupo controle, porém afeta o
statusantioxidante do soro sanguineo, aumentando a ahaiadde antioxidantes hidrofilicos.
Este aumento de antioxidante hidrofilicos no somgortante na melhoria dsgatusimunitario
das aves: um alto nivel de antioxidantes reduzaatglade de radicais livres, o que diminui o
risco de estresse oxidativo e suas patologias iaslssc

Em relacdo ao desempenho de frangos de corte seigtios com timol, o estudo de
Cross et al. (2007), testando o efeito da suplesgénot de dietas com 5 aditivos fitogénicos

(tomilho, orégano, manjerona, alecrim e milefélidgmonstrou que a suplementacdo da dieta
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com o Oleo de tomilho (1g/kg) aumentou a massaocatpganho médio de peso, 0 consumo e
conversdo alimentar das aves em relacédo aos deataimentos com Oleos essenciais e ao grupo

controle negativo.

Piperina

A piperina € o alcaldide presente na pimenta pratpimenta do reino, e é responsavel
pela caracteristica de pungéncia deste temperm A&alimentacdo humana, a pimenta preta é
utilizada com uma variedade de outros propdsitasocmedicinais, preservantes e perfumaria.

Quando utilizada na alimentacao, a piperina traa géria de beneficios, tendo acdes
antiinflamatérias (modifica as respostas inflamagragudas e cronicas), antioxidante,
estimulante da producdo de enzimas digestivas digistibilidade, redutora do tempo de
transito intestinal e protetora contra aflatoxi(BRINIVASAN, 2007).

Estudos utilizando ratos foram conduzidos por Plat&rinivasan (1996, 2000) para
analisar a influéncia da piperina nas enzimas tigespancreaticas e da mucosa do intestino
delgado. Segundo os autores, a ingestdo de pipauimenta a atividade da lipase e amilase
pancreatica e da tripsina.

Segundo Srinivasan (2007) por seu principio de @uig, a piperina aumenta a secrecao
salivar e gastrica e a atividade da amilase saiirahumanos. Além disso, o efeito estimulante
na digestdo provavelmente também € promovido pa beméfica estimulagdo no figado para
produzir e secretar suco biliar rico em acidos, desempenha um importante papel na digestao
e absorcao de gorduras.

Foi relatado que a piperina pode interagir com biane lipidico e levar ao aumento da
permeabilidade das células intestinais. Baseadestuos com ratos, a hipotese levantada é que
ela aumenta a absorcdo dos nutrientes, devideragdio na dindmica da membrana lipidica e na
conformacdo das enzimas do intestino Além disscapaz de induzir a sintese de proteinas
associadas ao citoesqueleto, resultando num aummensuperficie de absorcdo do intestino,
elevando a eficiéncia da permeabilidade atravédbateeira epitelial (KHAJURIA ET AL.,
2002).

De acordo com Srinivasan (2007) os Oleos essenc@igendo piperina reduzem
significantemente o tempo de transito do alimemaa&tos. Essa reducao esta relacionada com a

influéncia benéfica deste principio nas enzimasgtigas e secrecao biliar citadas anteriormente.
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In vitro, este principio ativo tem demonstrado ctedsticas de protecdo contra danos
oxidativos, através da inibicdo de radicais liveesspécies reativas de oxigénio e da peroxidacao
lipidica além de influenciar beneficamente as mdisc e enzimas antioxidantes em diferentes
situacbes de stress oxidativo (MITTAL; GUPTA, 200@egundo Srinivasan (2007), a
suplementacao oral de ratos com piperina reduzo de peroxidacao lipidica mitocondrial e
concomitantemente aumenta a atividade de enzim#exidantes (superdxido, dismutase,
catalase, e glutationa peroxidase) e antioxidamesenzimaticos (glutationa reduzida, vitamina
E, e vitamina C).

O estudo conduzido por Cardoso et al. (2008) camgivs de corte, inoculados aos 7 dias
de idade com aflatoxina, demonstrou que a suplem@&atcom piperina na dosagem de
2,25mg/kg foi capaz de reduzir as lesdes histopgittd causadas pela intoxicagéo, e revelou

efeitos positivos sobre as caracteristicas hengita$ dos frangos intoxicados por aflatoxinas.

1.4 Estudos anteriores com a combinacdo de &acido naéico e Oleos essenciais
(CRINA® Poutry Plus)

De acordo com os estudos apresentados por Sanit €2089) através de uma
combinacdo de compostos de Oleos essenciais codp &meénzdico pode-se diminuir
significativamente a proliferacdo de bactérias gpasitivas, como &lostridium perfringen®
bactérias gram-negativas, tais comocoli, Salmonella spe Campylobacterndo afetando a
multiplicacdo de bactérias benéficas ao procesgestivo, como lactobacilos. Com uma
dosagem de 300 ppm do produto CRfNRoutry Plus (CPP) na alimentacdo dos frangos,
aplicada desde o primeiro dia de vida até o abitancou-se um aumento de 44g no peso meédio
final e melhora de 1% na taxa de conversao dos tdrango.

Quanto a modulacdo microbiana pelo produto CPPs dmperimentos consecutivos
foram realizados por Oviedo-Rondon et al. (20100 ¢é@ngos de corte (alimentados com racao
a base de milho e farelo de soja) para determisafaitos de diferentes aditivos (antibiéticos,
probidticos, CRINA Poutry Plus e CRINA Poultry AF) na populacéo microbiana ileal e cecal,
pela eletroforesem gel degradientedesnaturante (DGGE). O tratamento com antibiGfetou

a populacdo microbiana no ileo, mas ndo no ceco.mfidancas mais pronunciadas na

* DSM Nutritional Products Ltd., P.O. Box 3255 CH-20Basel, Switzerland
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microbiota ileal e cecal foram observadas nos frardg 43 dias suplementados com probidticos
e com as formulagfes contendo 6leos essenciais.

No estudo conduzido por Hume et al. (2011) frangigdementados com antibidticos,
probidticos, CRINA Poutry Plus e CRINA Poultry AF foram infectados cofimeria spp.
para determinar os efeitos destes aditivos no desa@mo das aves e na comunidade microbiana
ileal e cecal. Para esta avaliagdo utilizaram pgusnciamento (para sequenciar as bactérias
cecais) e DGGE. Os autores também encontraramspiobioticos e as formulagdes com 0Oleos
essenciais modificaram de forma significativa aroflora ileal e cecal. Ao final do periodo
experimental as aves nao infectadas e ndo medicétiseram o maior ganho de peso entre os
tratamentos, sendo que as aves infectadas quesranebs aditivos apresentaram ganho de peso
superior as infectadas ndo suplementadas.

Juin e Weber (2010), analisando a eficacia da swgeacdo com CPP, em dietas de
frangos a base de trigo, em diferentes inclusée@0, 300 e 400 ppm), ndo encontraram
diferencas entre tratamentos na conversao alimecdatagem de microorganismos cecais e
rendimento de carcaca. A suplementacdo com 300d®@PP aumentou o peso corporal de
fémeas e machos, em relacdo ao grupo controleemodp inicial (1-23 dias), porém, somente
0s machos mantiveram essa superioridade ao fingédodo experimental (43 dias).

Uma meta analise foi realizado com base nos dalgsiaro experimentos de frangos de
corte suplementados com 300 ppm de CPP em compasaf@ngos nédo suplementados. A
suplementacdo com CPP aumentou significativamepgso corporal aos 21 e 42 dias. As aves
do tratamento CPP expressaram maior ganho de paso d melhor conversao alimentar
durante todo o periodo experimental e a mortalida@le foi afetada pelos tratamentos. O
trabalho sugere que ha um efeito aditivo entreidodoenzdico e os 6leos essenciais e, que as
enzimas digestivas tém maior eficiéncia no ambiedt&lo proporcionado pelo produto
(WEBER et al., 2012).
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2. HIPOTESES E OBJETIVOS

Hipoteses

A suplementacéo de dietas de frango de corte comméinagéo de &cido benzéico e
6leos essenciais (CRINAPoutry Plus) melhora o desempenho das aves nodperio
de 1 a 42 dias de idade.

A combinacdo de &cido benzéico e 6leos essend#dNA® Poutry Plus) serve
como substituto do antibidtico promotor de cresaitogeem dietas de frangos de

corte.

Objetivos

Geral

O estudo teve por objetivo avaliar a eficiénciacdmbinacdo de acido benzadico e 6leos

essenciais como alternativa aos antibioticos prorastde crescimento na producao de frangos
de corte de 1-42 dias de idade.

2.2.2 Especificos

Verificar a eficiéncia da combinacdo de &cido bawdé Oleos essenciais na
melhoria do desempenho zootécnico de frangos de; cor

Comparar a eficiéncia da combinacdo de acido beozdidleos essenciais com o
promotor tradicional (antibidtico) e também da assgho desta combinacdo com o

promotor tradicional em suas atividades como malianes de desempenho;
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» Verificar a influéncia dos diferentes tratament@sumidade de cama, escores de
lesGes de pata e peito, no comprimento intestimal iesposta das aves aos desafios

de campo por coccidiose.
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3. CONSIDERACOES GERAIS SOBRE MATERIAIS E METODOS

Com o objetivo de testar a eficiéncia da combinalgacido benzoico e 6leos essenciais
como alternativa aos antibiéticos promotores deatmgento na producéo de frangos de corte foi
conduzido um experimento no Laboratério de Aviaatdo Departamento de Zootecnia da
Universidade Federal de Santa Maria, RS.

Foram utilizados 1550 pintos de 1 dia de idade hosicda linhagem Cobb, provenientes
do incubatorio do referido laboratorio. Algumas sideracdes complementares a respeito da
metodologia serdo aqui descritas, as demais esoka@os obtidos estdo descritos no Capitulo 2
desta dissertagao.

Para que fosse possivel avaliar a eficacia de wmgior de crescimento alternativo, e
compara-lo, em sua eficiéncia, com o promotor tiadal (antibidtico), fez-se necessario

submeter as aves a desafios sanitarios. Paralgsojas praticas foram adotadas:

Desafio por coccidose via vacinacao

Aos 14 dias de idade do lote, foi administrada, &jma, vacinaviva atenuada, na
dosagem recomendada pelo fabricante para 1550 @vedjetivo foi desafiar as aves para
coccidiose, pela ingestdo de oocistos de linhagenuada d&imeria tenellaE. acervulinaE.

maximae E. necatrix.

Uso de cama reutilizada

As aves foram alojadas em cama reutilizada (Fi@lrale maravalha, provinda de um
lote de matrizes em producdo no Laboratorio de Witica da UFSM. Estas matrizes foram
recriadas comercialmente, previamente vacinadasacoaccidiose. Esta préatica de tentativa de

desafio € semelhante as utilizadas por Vieira. ¢2AD8) e por Viola e Vieira (2007).

® Livacox® Q - BIOPHARM. Research Institute of Biggimacy and Veterinary Drugs, 254 49 Jilové neagira-

Republica Tcheca. Resp. técnica: Dr. Petr Bedrnik
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Figura 3 — Visdo da cama aviaria (reutilizada) logamnento dos pintinhos

Administracdo de caldo de cama

No 16° dia de experimento, foi acrescido a aguabeleida das aves um preparado
contendo 15 kg de cama reutilizada (provinda ddaiende matrizes em producéao) dissolvidos

em agua (Figura 4). As aves consumiram esta mipturam periodo de 48 horas ininterrdptas.

Mas condicoes de manejo e higienizacao

A higienizacéo dos bebedouros aconteceu com megguiéncia da que é utilizada como
padrdo no Laboratério de Avicultura da UFSM (fretgié diaria), pratica que se a assemelha a
utilizada por Godoi et al. (2008). A frequéncia régolvimentos da cama aviaria também foi
reduzida, e so era realizada quando extremameocésseia.
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Figura 4 — Cama aviaria reutilizada diluida em aguaisturada na caixa d’agua

Além disso, foi estabelecida uma rotina diaria dgistro das temperaturas ambiente
(minima e méaxima), em quatro horarios distintos18, 14 e 17h. Pode ser ressaltado que
ocorreram grandes variacdes de temperatura cowiosseva na Tabela 1.

Alta proteina na dieta

Os niveis de proteina bruta permaneceram pratidencenstantes em todas as fases do
periodo experimental, com o proposito de aumentdegafio sanitario para bactérias gram
positivas, como demonstrado no estudo de Drew €@04).



Tabela 1 — Temperaturas (°C) registradas no imtdda@viario no periodo experimental

Temperaturas °C

8h 11h 14h 17h
DATA -
Max. Min. Atual Atual Atual Atual
28/07/11 21 16 17 18 20 19
29/07/11 23 14 14 15 16 15
30/07/11 24 10 12 15 16 15
31/07/11 25 10 12 13 14 13
01/08/11 25 10 14 15 15 15
02/08/11 20 11 11 10 10 10
03/08/11 25 9 10 16 15 14
04/08/11 17 9 10 14 17 17
05/08/11 17 6 8 14 20 20
06/08/11 22 12 13 14 22 24
07/08/11 24 12 13 20 23 24
08/08/11 24 14 21 25 25 25
09/08/11 25 21 21 22 22 22
10/08/11 33 17 18 22 25 25
11/08/11 25 19 20 25 30 29
12/08/11 30 21 21 31 31 30
13/08/11 31 11 27 28 29 25
14/08/11 31 15 15 16 17 17
15/08/11 18 14 17 21 24 27
16/08/11 29 17 29 30 31 30
17/08/11 32 18 19 21 24 24
18/08/11 25 17 20 21 20 20
19/08/11 23 19 22 17 17 15
20/08/11 23 10 10 12 17 16
21/08/11 23 6 11 12 16 15
22/08/11 17 7 9 13 14 14
23/08/11 15 8 13 15 18 18
24/08/11 19 13 17 21 23 24
25/08/11 26 17 21 24 24 24
26/08/11 24 14 16 21 25 22
27/08/11 23 16 16 21 23 25
28/08/11 30 19 26 24 22 22
29/08/11 27 17 17 28 18 19
30/08/11 31 16 21 21 21 20
31/08/11 23 15 21 19 20 20
01/09/11 23 8 15 17 20 20
02/09/11 20 10 13 22 20 26
03/09/11 21 13 14 18 29 30
04/09/11 31 20 28 29 32 30
05/09/11 33 20 20 20 21 20
06/09/11 25 8 11 17 27 21

07/09/11 28 14 21 23 25 24
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CAPITULO 2

CRINA® POULTRY PLUS IN BROILER DIETS

Este capitulo é apresentado de acordo com as ngraraspublicacdo no Periodico

Poultry Science.
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ABSTRACT. An experiment was conducted to evaluate the additib CRINA®
Poultry Plus (CPP), a compound with benzoic acid assential oil compounds, to
broiler diets and its action as an alternative kdib#gotic growth promoters. One
thousand five hundred fifty one-day old Cobb 500lemavere used and randomly
assigned to 5 treatments with 10 replicate per&lobirds each. The diets were: NC-
negative control, without growth promoters; PC- ifpes control, with 10 ppm of
Avilamycin (AVI); CPPD- with 300 ppm of CPP from42 days; AV}1-214f CPR22.424y
with 10 ppm AVI from 1-21 days and 300 ppm of Cléhf 22-42 days and AVI+CPP
(1-42 days) with 10 ppm AVI and 300 ppm of CPP fram2 days. All diets had the
same nutrient leveld he data were submitted to ANOVA and Tukey's té&sie CPPD
diet increasedR=0.0001) body weight gain (2518.79) in the 1-429pgriod compared
to birds fed the NC diet (2383.9g) and PC diet @88§). In relation to NC, all other
groups showed better feed conversion raR=0(0001) on the 1-42 days period and
better European productive efficiency indé%0.0003). The NC group showed lower
result in gut lengthR=0.0223) than PC and AVI @PP (1-42 days). The lesion scores
by E. acervulinawas highest in the NCPE0.0050) group and other groups did not
show significant differences. No significant ditteces were found in relation to the
development oE. maximaandE. tenella The results suggest that CRINA® Poultry
Plus can be used as an alternative product toiatitilgrowth promoters in broiler diets

without losses in productive performance.

Key words: alternative growth promoters, poultry, organic a@dimal performance,
plant extracts.
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INTRODUCTION

According to the World Health Organization (2000) antimicrobial growth
promoter is an antimicrobial agent used for theppse of increasing daily weight gain
or feed efficiency (feed-weight gain ratio) of feptbducing animals. Castanon (2007)
reported that the growth promoter effect of antib® was discovered in the 1940s,
when it was observed that animals fed with myceliaStreptomyces aureofaciens
containing chlortetracycline residues improved rtligowth. The mechanism of action
of antibiotics as growth promoters is related tienactions with the intestinal microbial
population.

However, the use of antimicrobials as growth prar®in animal nutrition has
been questioned in relation to the developmentesistant bacteria. One of the first
reports of resistance in food of animal origin weysorted by Elliott and Barnes (1959),
who observed tetracycline resistance in broiledsvigth antibiotics. Other researchers,
such as Collignon (1999) reported the resistandendérococcus sppassociated with
the use of avoparcin as growth promoter in prodacéinimals.

The growing concern over the transmission and ttodiferation of resistant
bacteria via the food chain has led to a complateds the feed use of antibiotic growth
promoters AGP) in livestock by the European Union since 2d@8enes and Roura,
2010).

This regulation has forced the countries that aterésted to export animal
products to the European Union to search for alteres to ensure maximum animals
growth without affecting the quality of the finaftqaluct. In this context, phytogenic
feed additives are discussed to be possibly adodtet set of non-antibiotic growth

promoters, such as organic acids which are alreadlyestablished in swine nutrition.
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Since the Middle Ages, phytogenic products likeeaial oils have been widely
used for bactericidal, virucidal, fungicidal, aratipsitical, insecticidal, medicinal and
cosmetic applications, especially nowadays in tharmaceutical, sanitary, cosmetic,
agricultural and food industries. Also called viéabr ethereal oils, the essential oils
are aromatic oily liquids obtained from plant matke(flowers, buds, seeds, leaves,
twigs, bark, herbs, wood, fruits, and roots) arel@mplex mixtures of secondary plant
metabolites consisting of low-boiling-phenylpropsrand terpenes (Brenes and Roura,
2010; Bakkali et al., 2008).

Regarding organic acids, Dibner and Buttin (2008ported that organic
carboxylic acid, with the general structure R-COQ@ke weak acids and are only partly
dissociated. They refer that organic acids playagonrole in reducing microorganisms
such a€scherichia coliCampylobacteandSalmonellaThese authors also stated that
their administration in the diet result in a redoetof subclinical infections in birds,
contributing with the increased absorption of rertts and emphasize the digestive and
Immune systems potentialities.

The CRINA® Poultry PluSproduct is a blend of benzoic acid and esseniiial o
compounds (including thymol, eugenol and piperifiée objective of this study was to
evaluate the addition of CRINA® Poultry Plus in o diets and its action as an

alternative to antibiotic growth promoters.

MATERIAL AND METHODS

" DSM Nutritional Products Ltd., P.O. Box 3255 CH-20Basel, Switzerland
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This study was conducted at the Poultry Scienceotabry — LAVIC —
Department of Animal Science of the Federal Univgisf Santa Maria and was carried
out in accordance with Guide for the Care and USeAgricultural Animals in
Agricultural Research and Teaching (Federation ninfal Science Societies, 2010).
One thousand five hundred fifty day-old male bmoitdhicks Cobb 500, from the
LAVIC hatchery were used. The birds were vaccinasgghinst Marek's disease,
Infectious Bursal Disease and Avian Pox virus. Bhids used in the study had a range
of + 2.5% from the average weight.

They were housed in a building with 50 pens wittbar, equipped with a bell
drinker, a tray-type feeder for pre-initial phasedaa tubular semi-automatic feeder
(metal with plastic tray, 20kg capacity) for thenet phases. The heating during the
initial phase was accomplished with a 150W lamphmet. In order to submit the birds
to a sanitary challenge, birds were housed on celiiser and were fed with high levels
of crude protein, following the reasoning of Dreinak (2004).

The experiment was divided into three phases:alnfhase (1 to 21 days),
Growth Phase (22 to 35 days) and Final Phase (3@ tays of age). The birds were

fed with mash diet (Table 1), the water and feaddprovidedad libitum.

Experimental design

The experimental design was completely randomiret, five treatments and
ten replicate pens with 31 birds in each unit. €kperimental diets were: NC - a basal
diet without growth promoters; PC - a basal diethwiO ppm of Avilamycin AVI);
CPPD - a basal diet with 300 ppm of CRINA® Poulilus(CPP) from 1-42 days;
AVI 1210/ CPR22.42) - @ basal diet with 10 ppm of AVI from 1-21 daysieB00 ppm of

CPP from 22-42 days; and AVI + CPP (1-42 days)oasal diet with 10 ppm of AVI
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and 300 ppm of CPP from 1-42 days. All diets haadghme nutrient levels. These diets
had no addition of coccidiostats or any type ofyemz

Body weight gain BWG), feed intake adjusted by the number of birds ayer
(FI1), feed conversion rateFCR), mortality MO), and the European productive
efficiency index EPEI) were evaluated in this experiment. FlI, BWG, FQRrl &0
were evaluated in each phase (1-21, 22-35, 36-d21a4?2 days) and the EPEI was
calculated as follows: ADG) * (100 - MO) / FCR * 10.

At 21 days of age, three birds per replicate wenthanized (by cervical
dislocation, performed by a properly trained prefesal) to determine the presence of
coccidiosis and lesion scoringeifneria acervulina Eimeria maximaand Eimeria
tenelld. The lesion scores were evaluated according bosim and Reid (1970). The
development of the broilers intestines was assebgeithe gut length. At 21 and 42
days, a sample of poultry litter was collected pgperimental unit to measure the
humidity content. The samples were dried in a latmyy oven at 40°C for 96 hours.
The incidence of breast and foot pad lesions waklated at 42 days of age. The lesion
scores of breasts were evaluated according to Angehkl. (1997) and of foot pads

according to Martrenchar et al (2002).

Statistical analysis
Data were subject to analysis of variance usingGh& procedure of SAS
(SAS Institute, 2009). Tukey’s comparison of metast was applied when significant

differences occurred at the 0.05 level of signifioa

RESULTS AND DISCUSSION



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

41

Body weight gain (Table 2) was affected by theuswn of CRINA® Poultry
Plus in broiler diets. In all phases, the CPPD dletwed better results than the NC
group. On the 1-42 days period, the NC group hacsev¢=0.0001) BWG and CPPD
had better results than PC. Diet supplemented @RINA® Poultry Plus and/or
Avilamycin improved FCRRF=0.0001) (Table 2) on the 1-42 days period anc&REI
(P=0.0003) (Table 3) when compared with the NC dib. statistical differences
between treatments were observed for feed intakbl€T2) in the most phases; the PC
group had better resulP£0.0323) than NC just on the 36-42 days period\aasl not
significantly different in relation to the othee&itments.

Buchanan et al. (2008) obtained positive resultgrimvth performance when
phytogenic feed additives were added to a maximigid yliet. FCR was improved in
relation to the same diet without the additived, the BWG was not altered. This last
result is not in agreement with the present stu@yher studies reported that
supplementation with CRINA® Poultrfa blend of essential oils) and other essential
oils did not influence the FCR, BW, BWG and Fl lsiLee et al., 2003; Hernandez et
al., 2004; Jang et al., 2007; Barreto et al., 2008.

As to the association of essential oils and organids, it was reported that the
use of CRINA® Poultry and lactic acid together iroiker feeds improved the final
body weight and FCR when compared to birds fedsdieth AGP (Jang et al., 2004).
Vieira et al. (2008) tested the use of a phytogéed additive and of a blend of organic
acids and their interactions. They found that pbgtoc feed additive or organic acids
improved the body weight at 21 d, and that the datiue FCR (1-42 days period) was
improved by phytogenic additive and by phytogenidiive plus organic acid.

Our results are similar to those found by Webealet(2012). These authors

carried out a meta-analysis with data from foureexpents comparing the use of 300



145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

42

ppm of CPP with non-supplemented controls. Theyndodhat CPP significantly
improved BW on 21d and on 42 d. The birds on th® @eatment showed a higher
average daily gain in the starter phase and oeceniire experimental period. FCR was
better with CPP supplementation than control biMertality was not affected by the
dietary treatment. These authors suggest that thene additive effect between organic
acids and essential oils due to the fact that digeenzymes work more efficiently
under acidic conditions.

The increase in growth performance of broilersdexts with CRINA® Poultry
Plus,found in this studycould be explained by the properties of organida@nd
essential oils. The essential oils properties hagen reported by several authors
(William and Losa, 2001; Hernandez et al., 2004a&et al., 2005; Brenes and Roura,
2010). They have biological activities acting a@idants and as hypocholesterolemic
drugs; they stimulate the animal's digestive systamrease production of digestive
enzymes and improve utilization of digestive prdduley enhancing liver functions.
Also stimulate blood circulation, reduce the levelspathogenic bacteria and may
enhance the immune status. Moreover, Weber et2@l2) report that essential oils
containing piperine significantly reduce the gastiestinal transit time of feed.

Previous studies confirmed that CRINA® Poultry arlder essential oils display
antimicrobial activity against intestinal bactesizch asClostridium perfringengMitsch
et al., 2004) Salmonella typhimuriurandE. coli (Helander et al., 1998; Hammer et al.,
1999). It has been reported that this activity edrated by the lipophilic property that
leads to perforation of the bacterial membranesasghg membrane components from
the cells to the external environment (Helandeal t1998), and by stabilization of the

intestinal microflora and inactivation . perfringenstoxins (Mitsch et al., 2004).
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Tampieri et al. (2005) studied the efficacy of esse oils against different pathogenic
mycetes and found that some essential oils areeaagainsCandida albicans

Organic acids also have strong antimicrobial ai#igj can influence mucosal
morphology, stimulate pancreatic secretions, s@wvesubstrates in the intermediary
metabolism, and improve digestion, absorption aetdntion of numerous dietary
nutrients (Partanen and Mroz, 1999). Dibner andtiBuf2002) reported that after
organic acids ingestion, direct antimicrobial aityiwvs highest in the foregut of poultry
(crop and gizzard), which has a very limited apilido change the digesta pH. They
improve protein and energy digestibility by redgcimicrobial competition with the
host for nutrients and the endogenous nitrogerefoss

It has been reported that organic acids interfetb wytoplasmic membrane
structure and membrane proteins, uncoupling thetrele transport and thus reducing
ATP production, and disrupt the normal physiologydecreasing the internal pH. The
dissipation of proton-motive force and inabilityn(henergy consumption) to maintain
internal pH by bacteria are followed by denaturatd acid-sensitive proteins and DNA
(Rike, 2003; Dahiya et al., 2006). According to Webt al. (2012), blends of various
organic acids induced a shift in the intestinal nofdcota toward more homogenous and
distinct populations and increasedctobacillus colonization of the chick ileum.
Supplemented at 0.1% in broiler diets, benzoic peidicularly increased the dry matter
digesta in the ceca; decreased the lactic acicbastin the ceca and coliform bacteria
populations in thdeum (Jozefiak et al., 2010). Kluge et al. (2006) répdithat benzoic
acid has antimicrobial properties, mainly becaukeétsoinhibitory effect on several
microbial enzymes, in particular a-ketoglutaricdadehydrogenase and succinic acid

dehydrogenase.
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Weber et al. (2012) report that benzoic acid hasbdentified as an efficient
feed additive to improve growth performance, nutrigligestibility, and nitrogen
balance as well as to reduce gram-negative bacteridae gastrointestinal tract of
piglets. Coliform bacteria, however, were decreasethe ceca of chicks, indicating
that the considerable antimicrobial activity of beit acid could beneficially influence
gut health in poultry as well.

In the present study the gut length of the NC grehpwed lower values
(P=0.0223) than PC and AVI + CPP (1-42 days) (Tabje B3y itself, however,
CRINA® Poultry Plus did not influence the gut lelmgh comparison to the control
group. There were no significant differences in taldly (Table 3) between treatments.
These results are similar to those found by Jangl.ef2004), Barreto et al. (2008),
Buchanan et al. (2008) and Vieira et al. (2008)emmortality, villus height or crypt
depth, or intestine weight were not affected by tise of CRINA® Poultryor other
phytogenic additives associated or not with orgaecids.

Birds fed different treatments had the same lesicores on breasts and foot
pads and litter humidity content (Table 3). Thessults are similar to the findings of
Buchanan et al. (2008), as they did not observafgignt differences in foot pads.

The scores of lesion bf. acervulinawere highest in the NC group birds
(P=0.0050), while the other treatment groups did nmdws significant differences
among them. No significant effects of the treatraemére observed fd. maximaand
E. tenellalesions (Table 3). These results are similar wse¢hdescribed by Oviedo-
Rondén et al. (2006a), as they found that the WSERINA® Poultry and CRINA
Alternate in broiler diets significantly reducedccaliosis lesions in the duodenum, but

did not affect lesions in the jejunum-ileum. On titBer hand, our results are different
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from the findings of these authors as they fourghificant reductions of coccidosis
lesion scores in the ceca.

Different findings were reported by Oviedo-Ronddmle (2005) who found that
CRINA® Poultry and CRINA Alternatelid not affect the coccidiosis lesion scores.
Giannenas et al. (2003) studied the influence sémgal oils in broiler diets and found
that the lesion scores oEimeria tenellain the infected (withE. tenellg group
supplemented with essential oils were significaihdhyer than in the infected control
group.

According to Oviedo-Rondén et al. (2006b), strasd eoccidia infection result
in drastic shifts in the microbial communities. Tinge of essential oils modulates the
microbial communities in coccidial challenges angbids drastic changes in the
intestinal microbial ecology after a coccidia irtfen, whether the birds were
vaccinated or not.

Regarding microbial modulation by CPP, two consgeuexperiments were
carried out by Oviedo-Ronddn et al. (2010) withilers fed corn-soybean meal diets to
determine comparative effects of feed additivestilfatic, probiotic, CPP and
CRINA® Poultry AF) on ileal and cecal microbial pdations, by denaturing gradient
gel electrophoresis (DGGE). They found that antibitreatment affected the ileal but
not the cecal microbial population. More pronounagthnges in ileal and cecal
microbial populations were seen in broilers at 48/ following treatment with
probiotic and with blends of essential oils.

Hume et al. (2011) carried out a study where breifed diets supplemented
with antibiotic, probiotic, CPP and CRINA® PoultAF were infected withEimeria
spp. to determine effects of performance enhancers leal iand cecal microbial

communities. They used pyrosequencing and DGGEsdguencing individual cecal
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bacteria. They also found that probiotics and dssenils blends modified broiler ileal
and cecal digestive microbial population. In theafiperiod, however, none of the feed
additives reduced the negative effects of infecttoon BWG to levels seen in non-
medicated non-infected controls. On the other hatdeed additives had some positive
effect on decreased weight gain. The debilitatiffgcts of Eimeria infection were
lessened by these feed additives.

Our results showed that the supplementation ofldraliets with CRINA®
Poultry Plusincreased performance and decreased lesion scbrgs acervulinain
relation to the broilers in the control group. Maver, the diet with inclusion of only
this additive showed better results in body weighin than the positive control diet.
These results suggest that CRINA® Poultry Plustlmamised as an alternative product

to antibiotic growth promoters in broiler diets out losses in productive performance.
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PHASES
1-21d 22-35d 36-42d
INGREDIENTS (%)
Corn 56.65 56.15 55.51
Soybean meal 34. 28 34.15 34.44
Meat bone meal 4.88 5.27 477
Vegetable oll 2.68 3.48 4.37
Salt 0.39 0.39 0.39
Limestone 38% Ca 0.30 0.18 0.23
Dicalcium phosphate 0.23 0.00 0.00
Vitamin and Mineral Premix 0.15 0.15 0.15
L-Threonine 0.05 0.05 0.00
DL-Methionine 0.294 0.193 0.137
L-Lysine 98% 0.107 0.000 0.000
NUTRIENTS

Met. Energ.(kcal/kg) 3050 3100 3150
Crude Protein (%) 22.5 22.37 22.18
Calcium (%) 1.00 0.95 0.90
Available P (%) 0.45 0.43 0.40
Sodium (%) 0.22 0.22 0.22
Lysine (%) 1.300 1.198 1.195
Methionine (%) 0.617 0.517 0.460
Methionine + Cystin (%) 0.960 0.860 0.802
Thryptophan (%) 0.239 0.239 0.239
Threonine (%) 0.800 0.800 0.754

377  'vitamin-mineral premix (/kg of premix): Vit.A 90@D0 UI; Vit D; 2500000 UI; Vit E 20000 mg; Vit
378 K32500 mg; Vit B 1500 mg; Vit B2 6000 mg; Vit B6 3000.308 mg; Bit, 12000 mcg; Pantothenic

379  Acid 12000 mg; Niacin 25000 mg; Folic acid 800 rBiptin 60 mg; Se 250 mg; Cu 20000 mg; Fe

380 100000 mg; Mn 160000 mg; Co 2000 mg; | 2000 mg126000.100 mg; Mineral oil 10 mg
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381
Table 2.0ne day body weight and effect of the treatmentthe body weight gain, feed intake and feed caiwriratio in the experimental

382

period

1 day Body weight gain (Q) Feed intake (g) Feed CorigarRatio
Treatment$ body

weight (g) 121d  2235d  36-42d  1-42d 1-21d  22-35d  36-42d  d-42 1-21d 22-35d 36-42d 1-42d
NC 42,07  783.39 1054.68 54503 2383.99 1163.58 2160.14 1306.27 4624.68 149 2.05 240 1.94
PC 4210  806.97 1076.42° 553.3%° 2439.62 1145.04 2157.53 124129 453552 142 2.00 228 1.86
CPPD 4213 81551 1108.58 594.6%f 2518.66 1162.33 2178.13 127139 4608.88 143 197 214 183

AVl 1510/CPRyu g 4210  800.9% 1064.02° 596.54 2461.48" 1151.68 2168.86 127487 4579.10  1.44° 2.04 218 1.86
AVI + CPP(1-42d) 4215 802.8% 1087.18" 568.38" 2458.4%° 1152.41 2180.48 1299.81 4617.52 1.44° 201 228 189
SEM* 0.05 2.96 5.43 6.38 9.02 4.18 8.08 7.30 12.69 0.01 0.01 0.03 0.01

P-value 0.9898 0.0050 0.0122 0.0247 0.0001  0.6087 0.8719 0.0323 0.1523 0.0027 0.0870 0.0048 0.0001

383  *“Means in a column without a common superscripsayificantly different P < 0.05)
384 ' Datarepresents means from 10 replicates pentesa
386 2NC = diet without growth promoters; PQliet with 10 ppm of Avilamycin; AVI = Avilamycin; 8P = CRINA® Poultry Plus (DSM Nutritional Produdtss., P.O. Box
387 3255 CH-4002 Basel, Switzerland)PPD = diet with 300 ppm of CARom 1-42 days; AVik-210f CPR22-4205 diet with 10 ppm AVI from 1 — 21 days and 300 pphC&®P
388 from 22-42d; AVI + CPP(1-42d)diet with 10 ppm AVI and 300 ppm of CPP from 1-42d

* Pooled SEM, n =50
389
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3 Table 3. Effect of the treatments on mortality, Europeandactive Efficiency Index, gut length, litter huritidcontent and lesions scores of
392 breasts, foot pads and coccidiosis in the expetiah@eriod
Treatmentd Mortality % EPEP Litter humidity (%)  Breast's Footpads’ Gut E.acervulina E.maxima E.tenella
1-21d 22-35d 36-42d 1-42d 21 days 42 days scores scores Ienght scores scores scores
NC 0.32 1.42 0.35 1.94 28622 41.04 51.08 0.02 1.33 1.59 0.63 0.33 0.06
PC 0.64 1.08 0.71 2.26 30651 41.03 49.18 0.03 1.27 1.67 0.13 0.36 0.00
CPPD 0.64 0.72 0.72 1.94 32157 41.33 49.15 0.01 1.15 1.6% 0.23 0.26 0.00
AVI (1.210/ CPR22.424) 0.00 1.42 1.79 2.90 30709 43.31 49.74 0.03 1.29 1.6% 0.23 0.13 0.00
AVI + CPP(1-42d) 0.32 1.07 0.00 1.29 30680 41.36 49.22 0.04 1.27 1.67 0.20 0.30 0.03
SEM* 0.15 0.26 0.23 0.32 2.64 0.57 0.52 0.01 0.03 0.01 0.05 0.04 0.01
P-value 0.6436 09150 0.1379 0.6169 0.0003 0.6946 0.6809 0.7041 0.4767 0.0223 0.0050 0.4389 0.2491

393 ?"Means in a column without a common superscripsageificantly different P < 0.05)

384 : Data represents means from 10 replicates pentesa

396 2NC = diet without growth promoters; PQliet with 10 ppm of Avilamycin; AVI = Avilamycin; 8P = CRINA® Poultry Plus (DSM Nutritional Produdts., P.O. Box
397 3255 CH-4002 Basel, Switzerland)PPD = diet with 300 ppm of CHRom 1-42 days; AVik-210f CPR22-2205 diet with 10 ppm AVI from 1 — 21 days and 300 pphC&®P
398 from 22-42d; AVI + CPP(1-42d) diet with 10 ppm AVI and 300 ppm of CPP from 1-42d

* Pooled SEM, n =50
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CONCLUSOES

O presente estudo demonstrou que a adicdo da cagabirde acido benzéico e
Oleos essenciais (associada ou ndo ao antibiotimmqtor de crescimento) nas dietas
melhorou o desempenho zootécnico dos frangos etaekho controle negativo.

O produto CRINA Poutry Pluspode ser usado como alternativa aos antibiéticos

promotores de crescimento em dietas de frango re. co
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Anexo A- Instrucdo aos autores para publicacdo nad¥ista Poultry Science

POULTRY SCIENCE INSTRUCTIONS TO AUTHORS

Editorial Policies and Procedures

Poultry Scienceublishes the results of fundamental and applisdaeh concerning
poultry, poultry products, and avian species inegah Submitted manuscripts shall provide
new facts or confirmatory data. Papers dealing véttperimental design, teaching,
extension endeavors, or those of historical or fiaiplical interest may also be appropriate.
A limited number of review papers will be considkfer publication if they contribute
significant additional knowledge, or synthesis abwledge, to a subject area. Papers that
have been, or are scheduled to be, published eésewtill not be accepted. Publication of
a preliminary report, such as an abstract, doespreatiude consideration of a complete
report for publication as long as it has not beeblished in full in a proceedings or similar
scientific publication; appropriate identificatiom previously published preliminary reports
should be provided in a title page footnote. Tratish of an article into other languages for
publication requires approval by
the editor-in-chief. Opinions or views expresseg@apers published oultry Sciencare
those of the author(s) and do not necessarily septethe opinion of the Poultry Science

Association or the editor-in-chief.

Contact Information for Journal Staff

For information on the scientific content of theujoal, contact the editor-in-chief,
Dr. Colin G. Scanes, 335 Chapman Hall, 2310 Easttféttd Ave., University of
Wisconsin,
Milwaukee, WI 53201; e-mail: scanes@uwm.edu (witticcscanes@wi.rr.com).
For assistance with Manuscript Central, manusayiimission and copyright forms, or

page charge and offprint orders, contact Jeremyréo| editorial assistant,
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Headquarters Office, 2441 Village Green Place, Gimagn, IL 61822 (FAX: 217-378-
4083; jeremyh@assochq.org).

For other information or to submit a paper, cont8cisan Pollock, managing editor,
Headquarters Office, Poultry Science Association,, 12441 Village Green Place,
Champaign, IL 61822 (telephone: 217-356-7641; FAX217- 378-4083;

journals@assochgq.org).

Care and Use of Animals

Authors must make it clear that experiments werelooted in a manner that avoided
unnecessary discomfort to the animals by the uspraber management and laboratory
techniques. Experiments shall be conducted in deome with the principles and specific
guidelines presented iGuidelines for the Care and Use of AgriculturAhimals in
Agricultural Research and Teachingjst revised edition, 1999 (Association Headqusyte
2441 Village Green Place, Champaign, IL 61822); #@rapplicable,

Guide for the Care and Use of Laboratory Anim@lsited States Department of Human
Health and Services, National Institutes of Hedlhblication Number ISBN

0-309-05377-3, 1996); dBuide to the Care and Use of Experimental Animaig] ed.
Volume 1, 1993 (Canadian Counah Animal Care). Methods of killing experimental
animalsmust be described in the text. In describing satgwocedures, the type and
dosage of the anesthetic agemist be specified. Intra-abdominal and intratharasiasive
surgery requires anesthesia. This includes capmiza

The editor-in-chief ofPoultry Sciencemay refuse to publish manuscripts that are not
compatible with these guides. If rejected solelytloat basis, however, the paper may be
resubmitted for reconsideration when accompanied abyvritten verification that a
committee on animal care in research has apprdwedxperimental design and procedures

involved.

Types of Articles

Full-Length Articles. The majority of papers published Roultry Sciencere full-
length articles. The journal emphasizes the impoeadf good scientific writing and clarity
in presentation of the concepts, apparatus, anficisat background information that

would be required for thorough understanding bersitsts in other disciplines. The results
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of experiments published iRoultry Sciencemust be replicated, either by replicating
treatments within experiments or by repeating erpents.

Research Notes. Research Notes are short notes giving the restltsomplete
experiments but are less comprehensive than fodjtle articles. Preliminary or progress
reports will not be accepted.

The running head shall be “RESEARCH NOTE.” Autharast also indicate the section

under which the manuscript is to be reviewed ortitleepage of the manuscript and on the
Manuscript Submission and Copyright Release ForeseRrch Notes will be published as
a subsection of the scientific section in whichytlveere reviewed. Research Notes are
limited to five printed pages including tables diglires. Manuscripts should be prepared
according to the guidelines for full-length artgle

Symposium Papers. The symposium organizer or chair must present tbpgsal and
tentative budget to the Board of Directors at thmimer meeting one full year before the
symposium is to be scheduled. The symposium chaistnthen develop detailed
symposium plans, including a formal outline of ttadks approved and full budgetary
expectations, which must be brought to the BoarDicéctors at the January meeting prior
to the meeting at which the symposium is scheduled.

The symposium chair must decide whether or notstmeposium is to be published
and will inform the editor-in-chief of this decisiat the January meeting. If the decision is
not to publish the symposium, the individual aushatain the right to submit their papers
for consideration for the journal as ordinary mamiyss.

If publication is decided upon, all manuscript stghd form guidelines of the journal shall
be followed.

Manuscripts must be prepared electronically, iniclgdigures and tables, and then
uploaded onto th@oultry ScienceManuscript Central site within 2 weeks after thewal
meeting. The symposium chair will review the papard, if necessary, return them to the
authors for revision. The symposium chair then g the revised manuscript to the
editor-in-chief for final review. Final revisionsylkthe author and recommendations for
acceptance or rejection by the chair must be camgblby December 31 of the year in
which the symposium was presented. Manuscriptsnmesting this deadline will not be
included in the published symposium proceedings.

Symposium papers must be prepared in accordande tixgt guidelines for full-length
articles and are subject to review. Offprints andtg of pages are the responsibility of the

author.
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Invited Papers. Invited papers, such as the World’'s Poultry ScieAssociation
lecture, should be submitted online; the editonéfice will then make these papers
available to the editor-in-chief. These paperssagect to review, and all manuscript style
and form guidelines of the journal shall be follavévited papers are exempt
from page charges but not offprint charges.

Review Papers. Review papers are accepted only if they provide kieawledge or a
high-caliber synthesis of important knowledge. Rexd are not exempt from pages
charges. AllPoultry Sciencguidelines for style and form apply.

Invited Reviews. Invited Reviews will be approximately 10 publishedges and in
review format. The editor-in-chief will send inuii@ns to the authors and then review these
contributions when they are submitted. Nominationssuggestions for potential timely
reviews are welcomed and should be sent directilggditorin- chief.

Contemporary Issues. Contemporary Issues iRoultry Sciencewill address critical
issues facing poultry scientisend the poultry industry. As such, submissidasthis
section should be of interest to any poultry sesgnto the industry, to instructors and
faculty teachingcontemporary issues classes, and to undergradodigraduate students.
The section will consist of short papéepproximately 2 published pages) written in essay
format and will include an abstract, appropriatelsadingsand references.

Rapid Communications. We aim for receipt-to-decision times of a monthess, and
accepted papers will have priority for publicatimnthe next available issue &foultry
ScienceThese papers will present informative and signific@ew findings, such as tissue-
specific gene expression profile data with fulldédm cDNA and genomic gene structure
characterization. These papers will be short (2 tpublished pages), adhere to journal
format, and include references and an abstractidR@pmmunications shouldot be
preliminary reports or incomplete studies. Autheii select Rapid Communications as the
paper type when submitting the paper.

Book Reviews. Poultry Sciencepublishes reviews of books considered to be of
interest to the readers. The editor-in-chief ordipasolicits reviews. Unsolicited reviews
must be sent directly to the editor-in-chief fopegval.

Book reviews shall be prepared in accordance tostile and form requirements of the
journal, and they are subject to editorial revisido page charges will be assessed.

Letters to the Editor. The purpose of letters will be to discuss, critigoeexpand on

scientific points made in articles recently pubdighin Poultry Science Introduction of
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unpublished data will not be allowed, nor will ntedébased on conjecture or speculation.
Letters must be received within 6 months of arcl's publication.

Letters will be limited to 400 words and 5 referemqapproximately 3 double-spaced,
typed pages including references). Letters shalleha title. Author name(s) and
affiliation(s) shall be placed between the endhaf text and list of references. Letters will
be sent electronically directly to the editor-inefhfor consideration. The author(s) of the
original paper(s) will be provided a copy of théde and offered the opportunity to submit
for consideration a reply within 30 days. Repligl nave the same page restrictions and
format as letters, and the titles shall end withReply.” Letters and replies will be
published together. Acceptability of letters wik lolecided by the editor-in-chief. Letters
and replies shall follow appropria®oultry Sciencéormat and may be edited by the editor-
in-chief and a technical editor. If multiple ledepn the same topic are received, a
representative letter concerning a specific articié be published. All letters may not be
published. Letters and replies will be publishedpace permits.

SUBMISSION OF ELECTRONIC

MANUSCRIPTS

Authors should submit their papers electronicalytp://mc.manuscriptcentral.com/ps).
Detailed instructions for submitting electronicadlye provided online at that site. Authors
who are unable to submit electronically should aont the editorial office
(jeremyh@assochq.org) for assistance.

Copyright Agreement

Authors shall complete the Manuscript Submissiod @opyright Release form for
each new manuscript submission; faxed copies arepéable. The form is published in
Poultry Sciences space permits and is available online (httpfégs.org). The copyright
agreement is included in the Manuscript Submisaiwh Copyright
Release Form and must be completed by all authefirdo publication can proceed. The
corresponding author is responsible for obtainieggignatures of coauthors.

Persons unable to sign copyright agreements, ssiéédaral employees, must indicate the

reason for exemption on the form.
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The Poultry Science Association grants to the auth® right of republication in any
book of which he or she is the author or editohject only to giving proper credit to the
original journal publication of the article by tA&ssociation.

The Poultry Science Association, Inc. retains thpycght to all materials accepted
for publication in the journal. Please address estpifor permission to reproduce published
material to the editor-in-chief. All tables must beginal material. If an author wishes to
present data previously published in tabular focopyright permission to reproduce the
table must be obtained by the author and forwatddetle PSA editorial office, even when
the format of the table submitted with the manydcs different than the table already
published. If an author desires to reprint a figowblished elsewhere, copyright permission

to use the figure must be obtained by the authdrfamnvarded to the PSA editorial office.

REVIEW OF MANUSCRIPTS

After a manuscript is submitted electronically, tkditorial office informs the
appropriate section editor, who assigns two revisya least one of whom is an associate
editor. Each reviewer has 3 weeks to review the usenpt, after which his or her
comments are forwarded to the section editor. Hotian editor may recommend rejection
or acceptance at this point, after which the manpisand reviewer comments are made
available to the editor-in-chief for a final deoisi More commonly, the manuscript will be
sent back to the corresponding author for revisaggording to the guidelines of the
reviewers. Authors have 6 weeks to complete thesiay, which shall be returned to the
section editor. Failure to return the manuscripthimi 6 weeks will cause the paper to be
purged from the files. Purged manuscripts may lbengidered, but they will have to be
processed as new manuscripts.

Section editors handle all initial correspondendéh vauthors during the review
process. The editor-inchief will notify the authairthe final decision to accept or reject.
Rejected manuscripts can be resubmitted only witinaitation from the section editor or
editor-inchief.

Revised versions of previously rejected manusciapéstreated as new submissions.
Therefore, authors must complete a new Manuschifintission and Copyright Release

Form.

PRODUCTION OF PROOFS
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Accepted manuscripts are forwarded by the editonief to the editorial office for
technical editing and typesetting. At this poirg tlechnical editor may contact the authors
for missing information or figure revisions. The mugcript is then typeset, figures
reproduced, and author

proofs prepared.

Proofs

Author proofs of all manuscripts will be providemthe corresponding author. Author
proofs should be read carefully and checked agairesttyped manuscript, because the
responsibility for proofreading is with the authgr(Corrections may be returned by fax,
mail, or e-mail. For faxed or mailed correctionsacges to the proof should be made
neatly and clearly in the margins of the proofextensive editing is required, corrections
should be provided on a separate sheet of paphrasvtymbol indicating location on the
proof. Changes sent by e-mail to the technicaloedlitust indicate page, column, and line
numbers for each correction to be made on the pfmfrections can also be marked using
the note and highlight tools to indicate necessdrgnges. Author alterations to copy
exceeding 10% of the cost of composition will barged to the author.

Editor queries should be answered on the gallegfprdailure to do so may delay
publication. Proof corrections should be made &tdrned to the technical editor within 48
hours of receipt.

Publication Charges and Offprints Poultry Sciencéas two options available for the
publication of articles: conventional page charged Open Acces©@). OA. For authors
who wish to publish their papers OA (freely avaléato everyone when the issue is posted
online), authors will pay the OA fee when proofe aeturned to the editorial office.
Charges for OA are $2,400 if at least one auther ésirrent professional member of PSA,;
the charge is $3,100 when no author is a profeasimember of PSA.

Conventional Page Charges. The current charge for publication is $100 per tedn
page (or fraction thereof) in the journal if atdeane author is a professional member of
PSA. If no author is a member of PSA, the publarattharge is $170 per journal page.

Offprints and Color Charges. Offprints may be ordered at an additional charge.

Authors who submit articles containing color illagions are responsible for paying the
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additional charge for color printing, including tpenting of any reprints they order, and
must agree in writing prior to publication to pdnetadditional charges.

When the galley proof is sent, the author is askecbmplete an offprint order requesting
the number of offprints desired and the name of ittstitution, agency, or individual

responsible for publication charges.

MANUSCRIPT PREPARATION:

STYLE AND FORM

General

Papers must be written in English. The text andsafiporting materials must use
American spelling and usage as givei ire American Heritage Dictionary, Webster’s
Third International Dictionary,or the Oxford American English DictionaryAuthors
should follow the style antbrm recommended iscientific Style and Format. The CBE
Manual for Authors, Editors, and Publishe®th ed. Councilof Biology Editors Style
Manual Committee. Cambriddéniv. Press, Cambridge, UK.

Authors should prepare the main text, tables, andd captions in MS Word. Details
on figure preparation and file formats are providedthe Figures section of these

instructions.

Preparing the Manuscript File

Manuscripts should be typed double-spaced, witleslirand pages numbered
consecutively, using Times New Roman font at 12ntsoiAll special characters (e.qg.,
Greek, math, symbols) should be inserted usingsyinebols palette available in this font.
Complex math should be entered using MathType froDesign Science
(http://www.dessci.com). Equations created using tlew Equation Builder feature in
Microsoft Word 2007 may not be compatible with marlversions of Word or other
software used in our journal composition systenblds and figures should be placed in
separate sections at the end of the manuscriptplaced in the text). Failure to follow

these instructions may result in an immediate tgjeof the manuscript.
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Headings

Major Headings. Major headings are centered (except ABSTRACT),calpitals,
boldface, and consist of ABSTRACT, INTRODUCTION, MERIALS AND
METHODS, RESULTS, DISCUSSION (or RESULTS AND DISC8I®N),
ACKNOWLEDGMENTS (optional), APPENDIX (optional), dSrREFERENCES.

First Subheadings. First subheadings are placed on a separate ligin be the left
margin, the first letter of all important wordsdapitalized, and the headings are boldface
and italic. Text that follows a first subheadingsld be in a new paragraph.

Second Subheadings. Second subheadings begin the first line of a pa@grThey
are indented, boldface, italic, and followed byeaigd. The first letter of each important
word should be capitalized. The text follows imnaeliy after the final period of the

subheading.

Title Page

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

The title of the paper must be in boldface; thstfietter of the article title and proper
names are capitalized, and the remainder of tleisitiowercase. The title must have no
abbreviations, and numbers must be given in waatter than in numerals (e.g., One-Day-
Old Broilers).

Under the title, names of authors should be typéd waitial capital letters and a
space between initials (e.g., T. E. Smith). Affibas will be footnoted using the following
symbols: *, T, I, 8, #,1, and be placed below the author names. Do notayitieors’ titles,
positions, or degrees. Numbered footnotes may bed us provide supplementary
information, such as present address, acknowledgaiegrants, and experiment station or
journal series number. The corresponding authoulghbe indicated with a numbered
footnote (e.g.,1Corresponding author: myname@usityeedu). Note that there is no
period after the corresponding author’s e-mail adslr

The title page shall include the name and full eddglrof the corresponding author.
Telephone and FAX numbers and e-mail address nisstke provided. The title page
must indicate the appropriate scientific sectiom tbe paper (i.e., Education and
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Production; Environment, Well-Being, and BehaviGenetics; Immunology, Health, and
Disease; Metabolism and Nutrition; Molecular, Ciliy and Developmental Biology;
Physiology, Endocrinology, and Reproduction; ordessing, Products, and

Food Safety).

Authors may create a full title page as a one-gmmiment, in a file separate from
the rest of the paper. This file can be uploadatimarked “not for review.” Authors who
choose to upload manuscripts with a full title pagehe beginning will have their papers
forwarded to reviewers as is.

Abbreviations

Author-derived abbreviations should be definedirat fise in the abstract and again
in the body of the manuscript. The abbreviationl W shown in bold type at first use in
the body of the manuscript. Refer to the MisceltarseUsage Notes for more information

on abbreviations.

Abstract

The Abstract disseminates scientific informatiomotlyh abstracting journals and
through convenience for the readers. The Abstraxctsisting of not more than 325 words,
appears at the beginning of the manuscript withatbed ABSTRACT without a following
period. It must summarize the major objectives,hoés, results, conclusions, and practical
applications of the research.

The Abstract must consist of complete sentencesuaadf abbreviations should be
limited. References to other work and footnotesrarepermitted. The Abstract and Key

Words must be on a separate sheet of paper.

Key Words

The Abstract shall be followed by a maximum of fikey words or phrases to be
used for subject indexing. These should includeoitgmt words from the title and the
running head and should be singular, not pluraimse(e.g., broiler, not broilers). Authors
should consult a current “Subject Index “Roultry Sciencéor additional
key words. Key words should be formatted as foltows

Key words: . . .
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I ntroduction

The Introduction, while brief, should provide theader with information necessary
for understanding research presented in the p&pewious work on the topic should be
summarized, and the objectives of the current rebgaust be clearly stated.

Materials and Methods

All sources of products, equipment, and chemicakdun the experiments must be
specified parenthetically at first mention in tetetbles, and figures [i.e., (model 123, ABC
Corp., Provo, UT)]. Model and catalog nhumbers stido¢ included. Information shall
include the full corporate name (including divisidmanch, or other subordinate part of the
corporation, if applicable), city, and state (caynf outside the United States), or Web
address. Street addresses need not be given uhlesseader would not be able to
determine the full address for mailing purposedyeby consulting standard references.

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

Papers must contain analyzed values for thoserdig@igredients that are crucial to the

experiment. In other papers, authors should sthtgiver experimental diets meet or exceed
the National Research Council (1994) requiremesispgropriate. If not, crude protein and

metabolizable energy levels should be stated. &gerl diets, calcium and phosphorus
contents should also be specified.

When describing the composition of diets and vitapremixes, the concentration of
vitamins A and E should be expressed as IU/kg erb#sis of the following equivalents:
Vitamin A
11U = 0.3ug of alltransretinol
11U = 0.344ug of retinyl acetate
11U = 0.552ug of retinyl palmitate
11U = 0.60ug of p-carotene
Vitamin E
11U = 1 mg of dle-tocopheryl acetate
11U = 0.91 mg of diz-tocopherol
11U = 0.67 mg of diz-tocopherol
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In the instance of vitamin D3, cholecalciferol I tacceptable term on the basis that 1 U

of vitamin D3 = 0.025ug of cholecalciferol.

The sources of vitamins A and E must be specifiedarentheses immediately following
the stated concentrations.

Statistical Analysis. Biology should be emphasized, but the use of imwbrior
inadequate statistical methods to analyze andpregebiological data is not acceptable.
Consultation with a statistician is recommendedti§ical methods commonly used in the
animal sciences need not be described in detdihdrguate references should be provided.
The statistical model, classes, blocks, and expmariai unit must be designated. Any
restrictions used in estimating parameters shoelddéfined. Reference to a statistical
package without reporting the sources of variafadasses) and other salient features of the
analysis, such as covariance or orthogonal cosfrasinot sufficient. A statement of the
results of statistical analysis should justify thierpretations and conclusions.

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

The experimental unit is the smallest unit to whichindividual treatment is imposed. For
group-fed animals, the group of animals in the [gerthe experimental unit; therefore,
groups must be replicated. Repeated chemical aslyisthe same sample usually do not
constitute independent experimental units. Measengsnon the same experimental unit
over time also are not independent and must nobhsidered as independent experimental
units. For analysis of time effects, use timesegaeamalysis.

Usual assumptions are that errors in the statistivadels are normally and
independently distributed with constant varianceosMstandard methods are robust to
deviations from these assumptions, but occasionddya transformations or other
techniques are helpful. For example, it is reconuhedrthat percentage data between 0 and
20 and between 80 and 100 be subjected to argasisformation prior to analysis. Most
statistical procedures are based on the assumghi@nexperimental units have been
assigned to treatments at random. If animals aagéifetd by ancestry or weight or if some
other initial measurement should be accountedtfa,model should include a blocking

factor, or the initial measurement should be inetlids a covariate.
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A parameter [meanp, variance §2)], which defines or describes a population, is
estimated by a statistic (x, s2).

The termparameter is not appropriate to describe a variable, obsemattrait,
characteristic, or measurement taken in an expetime
Standard designs are adequately described by nadngize (e.g., “a randomized complete
block design with 6 treatments in 5 blocks”). Fdiaetorial set of treatments, an adequate
description might be as follows: “Total sulfur amiacids at 0.70 or 0.80% of the diet and
Lys at 1.10%, 1.20%, or 1.30% of the diet were ugseal 2 x 3 factorial arrangement in 5
randomized complete blocks consisting of initial B\Mote thata factorial arrangement
Is not a design the term “design” refers to the method of grogpaxperimental units into
homogeneous groups or blocks (i.e., the way in kwthie randomization is restricted).

Standard deviation refers to the variability inaangle or a population. The standard
error (calculated from error variance) is the eated sampling error of a statistic such as
the sample mean. When a standard deviation or atadrelror is given, the number of
degrees of freedom on which it rests should beispeécWhen any statistical value (as
mean or difference of 2 means) is mentioned, @adsdrd error or confidence limit should
be given. The fact that differences are not “digafly significant” is no reason for
omitting standard errors. They are of value whesulte from several experiments are
combined in the future. They also are useful to rkeder as measures of efficiency of
experimental techniques. A value attached by “+4 taumber implies that the second value
Is its standard error (not its standard deviatidequate reporting may require only 1) the
number of observations, 2) arithmetic treatmentmaeand 3) an estimate of experimental
error. The pooled standard error of the mean ipthéerred estimate of experimental error.
Standard errors need not be presented separatedpdb mean unless the means are based
on different numbers of observations or the hetemedy of the error variance is to be
emphasized. Presenting individual standard erfottecs the presentation and can mislead
readers.

For more complex experiments, tables of subclassnsiand tables of analyses of
variance or covariance may be included. When trayais of variance contains several
error terms, such as in split-plot and repeatedsores designs, the text should indicate
clearly which mean square was used for the dendorivheachr statistic.

Unbalanced factorial data can present special pnasl
Accordingly, it is well to state how the computings done and how the parameters were

estimated. Approximations should be accompanieddoyions concerning possible biases.
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Contrasts (preferably orthogonal) are used to anspecific questions for which the

experiment was designed; they should form the bfsiscomparing treatment means.

Nonorthogonal contrasts may be evaluated by Baorietrstatistics. The exact contrasts
tested should be described for the reader. Multiphgie tests are not appropriate when
treatments are orthogonally arranged.

Fixed-range, pairwise, multiple-comparison testeusth be used only to compare
means of treatments that are unstructured or feierk Least squares means are the correct
means to use for all data, but arithmetic meansdanetical to least squares means unless
the design is unbalanced or contains missing vatues) adjustment is being made for a
covariate. In factorial treatment arrangements,madar main effects should be presented
when important interactions are not present. Howewgeans for individual treatment
combinations also should be provided in table ot ®0 that future researchers may
combine data from several experiments to detecortapt interactions. An interaction may
not be detected in a given experiment becausdiwiitation in the number of observations.

The terms significant and highly significant traalially have been reserved fBr<
0.05 andP < 0.01, respectively; however, reporting fReralue is preferred to the use of
these terms. For example, use *“. . . there wasferelice P < 0.05) between control and
treated samples” rather than “. . . there was aifsignt (P < 0.05) difference between
control and treated samples.” When available, theerved significance level (e.d, =
0.027) should be presented rather than mdpety0.05 orP < 0.01, thereby allowing the
reader to decide what to reject.

Other probability ¢) levels may be discussed if properly qualifiedttsat the reader is not
misled. Do not reporPvalues to more than 3 places after the decimalaRigss of the
probability level used, failure to reject a hypdatiseshould be based on the relative
consequences of type | and Il errors. A “nonsigaifiit” relationship should not be
interpreted to suggest the absence of a relatipnshi

An inadequate number of experimental units or ifngeht control of variation limits
the power to detect relationships.

Avoid the ambiguous use &f > 0.05 to declare nonsignificance, such as indigati
that a difference is not significantRt 0.05 and subsequently declaring another diffexenc
significant (or a tendency) &< 0.09. In addition, readers may incorrectly intetghe use
of P > 0.05 as the probability offiaerror, not anu error.

Present only meaningful digits. A practical ruleasound values so that the change caused

by rounding is less than one-tenth of the standardr. Such rounding increases the



79

variance of the reported value by less than 1%thst less than 1% of the relevant
information contained in the data is sacrificedniost cases, 2 or 3 significant digits (not

decimal places) are sufficient.

Results and Discussion

Results and Discussion sections may be combinetheyr may appear in separate
sections. If separate, the Results section shaliago only the results and summary of the
author’s experiments; there should be no literatmmaparisons. Those comparisons should

appear in the Discussion section.

Acknowledgments

An Acknowledgments section, if desired, shall fallahe Discussion section.
Acknowledgments of individuals should include adfilons but not titles, such as Dr., Mr.,
or Ms. Affiliations shall include institution, cityand state.

Review copies shall have authors’ institutions ¢ealit

Appendix

A technical Appendix, if desired, shall follow th®iscussion section or
Acknowledgments, if present. The Appendix may contaupplementary material,
explanations, and elaborations that are not esddatother major sections but are helpful
to the reader. Novel computer programs or mathealatcomputations would be

appropriate. The Appendix will not be a reposittmyraw data.

References

Citations in Text. In the body of the manuscript, refer to authorgadisws: Smith
and Jones (1992) or Smith and Jones (1990, 190&)e Isentence structure requires that
the authors’ names be included in parenthesegqrtper format is (Smith and Jones, 1982;
Jones, 1988a,b; Jones et al., 1993). Where theremare than two authors of one article,

the first author’'s name is followed by the abbréwvia et al. More than one article listed in
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the same sentence of text must be in chronologiaidr first, and alphabetical order for
two publications in the same year.
Work that has not been accepted for publicationl figalisted in the text as: “J. E. Jones
(institution, city, and state, personal communmat” The author's own unpublished work
should be listed in the text as “(J. Smith, unpii®d data).” Personal communications and
unpublished data must not be included in the Reter® section.

References Section. To be listed in the References section, papers brugublished
or accepted for publication.
Manuscripts submitted for publication can be ci@sl “personal communication” or
“unpublished data” in the text.
Citation of abstracts, conference proceedings, athér works that have not been peer
reviewed is strongly discouraged unless essertidhe paper. Abstract and proceedings
references are not apropriate citations in the Negeand Methods section of a paper.
In the References section, references shall fiestidgted alphabetically by author(s)’ last
name(s), and then chronologically. The year of jgalibn follows the authors’ names. As
with text citations, two or more publications byeteame author or set of authors in the
same year shall be differentiated by adding lowsdatters after the date. The dates for
papers with the same first author that would beebbted in the text as et al., even though
the second and subsequent authors differ, shallbaslifferentiated by letters. All authors’
names must appear in the Reference section. Jewshall be abbreviated according to the
conventional 1ISO abbreviations given in journaldabbase of the National Library of
Medicine (http://www.ncbi.nlm.nih.gov/entrez/querfcgi?db=journals). One-word titles

must be spelled out.
Inclusive page numbers must be provided. Samplkeraetes are given below. Consult
recent issues d?oultry Sciencdor examples not included below.
Article:

Bagley, L. G., and V. L. Christensen. 1991. Hatditgband physiology of turkey
embryos incubated at sea level with increased edigsermeability. Poult. Sci. 70:1412—
1418.

Bagley, L. G., V. L. Christensen, and R. P. Giltege. 1990. Hematological indices
of turkey embryos incubated at high altitude asc#d by oxygen and shell permeability.
Poult. Sci. 69:2035-2039.
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Witter, R. L., and I. M. Gimeno. 2006. Suscepttlilof adult chickens, with and
without prior vaccination, to challenge with Margk'disease virus. Avian Dis.
doi:10.1637/7498-010306R.1

Book:

Metcalfe, J., M. K. Stock, and R. L. Ingermann. 498he effects of oxygen on growth
and development of the chick embryo. Pages 20542Respiration and Metabolism of
Embryonic Vertebrates. R. S. Seymour, ed. Dr. WWkJDordrecht, the Netherlands.

National Research Council. 1994. Nutrient Requirgs@f Poultry. 9th rev. ed. Natl.
Acad. Press, Washington, DC.

Federal Register: Department of Agriculture, Plamd Animal Health Inspection
Service. 2004. Blood and tissue collection at digergng and rendering establishments,
final rule. 9CFR part 71. Fed. Regist. 69:10137-5101

Other:
Choct, M., and R. J. Hughes. 1996. Long-chain hyatoons as a marker for
digestibility studies in poultry. Proc. Aust. Pouci. Symp. 8:186. (Abstr.)

Dyro, F. M. 2005. Arsenic. WebMD. _http://www.emedie.com/neuro/topi20.htm
Accessed Feb. 2006. El Halawani, M. E., and |I. Rbeen. 2004. Method to enhance
reproductive performance in poultry. Univ. Minnessassignee. US Pat. No. 6,766,767.

Hruby, M., J. C. Remus, and E. E. M. Pierson. 2004tritional strategies to meet the
challenge of feeding poultry without antibiotic grth promotants. Proc. 2nd Mid-Atlantic
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Tables must be created using the MS Word tableufeaand inserted in the
manuscript after the references section. When bplesdiables should be organized to fit
across the page without running broadside. Be awfaifee dimensions of the printed page
when planning tables (use of more than 15 columh<sreate layout problems).

Place the table number and title on the same lhoveathe table. The table title does not
require a period.

Do not use vertical lines and use few horizontaddi Use of bold and italic typefaces
in the table body should be done sparingly; suehmigst be defined in a footnote.

Each table must be on a separate page. To fagijlacement of all tables into the
manuscript file (just after the references) authgireuld use “section breaks” rather than
“page breaks” at the end of the manuscript (befioedables) and between tables.

Units of measure for each variable must be indecate

Papers with several tables must use consistentaforall columns must have
appropriate headings.

Abbreviations not found on the inside front covéittee journal must be defined in
each table and must match those used in the teatnétes to tables should be marked by
superscript numbers. Each footnote should begevalime.

Superscript letters shall be used for the separaifomeans in the body of the table and
explanatory footnotes must be provided [i.e., “Meamthin a row lacking a common
superscript differ® < 0.05).”]; other significanP-values may be specified. Comparison of
means within rows and columns should be indicatedifferent series

of superscripts (e.g., a,b, . . . in rows; x—z in.columns).The first alphabetical letter in the
series (e.g., a or A) shall be used to indicate ltingest mean. Lowercase superscripts
indicateP < 0.05. Uppercase letters indicétec 0.01 or less.

Probability values may be indicated as followB:< 0.05, **P < 0.01, **P < 0.001, and
TP < 0.10. Consult a recent issueRwultry Sciencdor examples of tables.

Figures

To facilitate review, figures should be placedle €nd of the manuscript (separated

by section breaks). Each figure should be placed eaparate page, and identified by the

manuscript number and the figure number.
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A figure with multiple panels or parts should appea one page (e.qg., if Figure 1 has parts
a, b, and c, place all of these on the same p&gg)re captions should be typed (double
spaced) on a separate page.

* Figure Size. Prepare figures at final size for publication. Faegishould be prepared to fit
one column (8.9 cm wide), 2 columns (14 cm widefuf-page width (19 cm wide).

* Font Size. Ensure that all type within the figure and axiselabare readable at final
publication size. A minimum type size of 8 poiratér reduction) should be used.

* Fonts. Use Helvetica or Times New Roman. Symbols may berted using the Symbol
palette in Times New Roman.

* Line Weight. For line graphs, use a minimum stroke weight ofoinpfor all lines. If
multiple lines are to be distinguished, use sdlixhg-dash, short-dash, and dotted lines.
Avoid the use of color, gray, or shaded lines,lesé will not reproduce well. Lines with
different symbols for the data points may also $eduto distinguish curves.

» Axis Labels. Each axis should have a description and a unittslnay be separated from
the descriptor by a comma or parentheses, andéghbheutonsistent within a manuscript.

» Shading and Fill Patterns. For bar charts, use different fill patterns if neeéde.g., black,
white, gray, diagonal stripes). Avoid the use ofitiple shades of gray, as they will not be
easily distinguishable in print.

» Symbols. Identify curves and data points using the followaygnbols onlyo, m, 0, @, A,
v.n,, e, r, + or x. Symbols should be defined key on the figure if possible.

* File Formats. Figures can be submitted in Word, PDF, EPS, TIFf 3aPEG. Avoid
PowerPoint files and other formats. For the besitgd quality, line art should be prepared
at 600 ppi. Grayscale and color images and photogriaphs should be at least 300 ppi.

» Grayscale Figures. If figures are to be reproduced in grayscale (bkac# white), submit
in grayscale.

Often color will mask contrast problems that areapnt only when the figure is
reproduced in grayscale.

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

» Photomicrographs. Photomicrographs must have their unmagnified siesigtated,
either in the caption or with a scale bar on tigarie. Reduction for publication can make a

magnification power designation (e.g., 100x) inappiate.
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e Caption. The caption should provide sufficient informationat the figure can be
understood with excessive reference to the tedtaAihor-derived abbreviations used in
the figure should be defined in the caption.

» General Tips. Avoid the use of three-dimensional bar charts, sslessential to the
presentation of the data. Use the simplest shaslagme possible to present the data
clearly. Ensure that data, symbols, axis labelgsli and key are clear and easily readable at
final publication size.

Color Figures. Submitted color images should be at least 300Tgp. cost to publish each
color figure is $995; a surcharge for color reiatdered will be assessed.

Authors must agree in writing to bear the costeabr production after acceptance and
prior to publication of the paper. The form “Coldharge Agreement” is available on the
journal web site (http://ps.fass.org) and should dmmpleted and returned to PSA

Headquarters upon submission.

Miscellaneous Usage Notes

Abbreviations. Abbreviations shall not be used in the title, kepras, or to begin
sentences, except when they are widely known ttauwigscience (e.g., DNA, RNA) or are
terms better known by abbreviation (e.g., IgG, CD).

A helpful criterion for use of abbreviation is whet it has been accepted into thesauri and
indexes widely used for searching major bibliogreptatabases in the scientific field.
Abbreviations may be used in heads within the pap#rey have been first defined within
the text. The inside back cover of every issuehefjournal lists abbreviations that can be
used without definition. The list is subject toisen at any time, so authors should always
consult the most recent issue of the journal (er updated list at http://ps.fass.org/) for
relevant information.

Abbreviations are allowed when they help the flowhe manuscript; however, excessive
use of abbreviations can confuse the reader. Tltabdity of abbreviations will be
evaluated by the reviewers and editors during élreew process and by the technical editor
during editing.

As a rule, author-derived abbreviations shouldrballi capital letters. Terms used less than
three times must be spelled out in full rather thhbreviated. All terms are to be spelled

out in full with the abbreviation following in bolkype in parentheses the first time they are
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mentioned in the main body of the text. Abbreviasichall be used consistently thereatter,
rather than the full term.

The abstract, text, each table, and each figure teisinderstood independently of each
other. Therefore, abbreviations shall be definedhiwi each of these units of the
manuscript.

Plural abbreviations do not require “s.” Chemigahbols and three-letter abbreviations for
amino acids do not need definition. Units of measexcept those in the stand&dultry
Scienceabbreviation list, should be abbreviated as lisiedthe CRC Handbook for
Chemistry andPhysic§(CRC Press, 2000 Corporate Blvd., Boca Raton, FL

33431) and do not need to be defined.

The following abbreviations may be used withouirgbn in Poultry Science.

A adenine

ADG average daily gain

ADFI average daily feed intake

AME apparent metabolizable energy

AMERN nitrogen-corrected apparent metabolizable gyner

ANOVA analysis of variance

B cell bursal-derived, bursal-equivalent derivell ce

bp base pairs

BSA bovine serum albumin

BW body weight

C cytosine

cDNA complementary DNA

cfu colony-forming units

Cl confidence interval

CP crude protein

cpm counts per minute

CV coefficient of variation

d day

df degrees of freedom

DM dry matter

DNA deoxyribonucleic acid

EDTA ethylenediaminetetraacetate

ELISA enzyme-linked immunosorbent antibody assay



EST expressed sequence tag

g gram

g gravity

G guanine

GAT glutamic acid-alanine-tyrosine

G:F gain-to-feed ratio

GLM general linear model

h hour

HEPESN-2-hydroxyethyl piperazin&-ethane-sulfonic acid
HPLC high-performance (high-pressure) liquid chroygeaphy
ICU international chick units

Ig immunoglobin

I.m. intramuscular

I.p. intraperitoneal

IU international units

I.v. intravenous

kb kilobase pairs

kDa kilodalton

L liter*

L:D hours light:hours darkness in a photoperiod
m meter

p_micro

M molar

MAS marker-assisted selection

ME metabolizable energy

MEn nitrogen-corrected metabolizable energy
MHC major histocompatibility complex

MRNA messenger ribonucleic acid

min minute

mo month

MS mean square

n number of observations

N normal

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

NS not significant

PAGE polyacrylamide gel electrophoresis
PBS phosphate-buffered saline

PCR polymerase chain reaction

pfu plaque-forming units

QTL quantitative trait loci

r correlation coefficient

r2 coefficient of determination, simple

R2 coefficient of determination, multiple
RFLP restriction fragment length polymorphism
RH relative humidity

RIA radioimmunoassay

RNA ribonucleic acid

rpm revolutions per minute

s second

S.C. subcutaneous

SD standard deviation

SDS sodium dodecyl sulfate

SE standard error

SEM standard error of the mean

SRBC sheep red blood cells

SNP single nucleotide polymorphism

T thymine

TBA thiobarbituric acid

T cell thymic-derived cell

TME true metabolizable energy

TMEn nitrogen-corrected true metabolizable energy

Tris tris(hydroxymethyl)aminomethane

TSAA total sulfur amino acids

U uridine

USDA United States Department of Agriculture
UV ultraviolet
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vol/vol volume to volume
VS. versus

wt/vol weight to volume
wt/wt weight to weight
wk week

yr year

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

I nternational Words and Phrases. Non-English words in common usage (defined in recen
editions of standard dictionaries) will not appeaitalics (e.g., in vitro, in vivo, in situ, a
priori). However, genus and species of plants, atémor bacteria and viruses should be
italicized. Authors must indicate accent marks atiger diacriticals on international names
and institutions. German nouns shall begin withtehfetters.

Capitalization. Breed and variety names are to be capitalized, (8iggle Comb White
Leghorn).

Number Style. Numbers less than 1 shall be written with precediegs (e.g., 0.75). All
numbers shall be written as digits. Measures masihithe metric system; however, US
equivalents may be given in parenthe$tsultry Scienceequires that measures of energy
be given in calories rather than joules, but theivedent in joules may be shown in
parentheses or in a footnote to tables.

Units of measure not preceded by numbers must ldeemvout rather than abbreviated
(e.g., lysine content was measured in milligrams kidogram of diet) unless used
parenthetically. Measures of variation must berafiin the Abstract and in the body of
the paper at first use.

Units of measure for feed conversion or feed edficy shall be provided (i.e., g:9).
Nucleotide Sequences. Nucleotide sequence data must relate to poultrypoultry
pathogens and must complement biological data g in the same or a companion
paper. If sequences are excessively long, it igestgd that the most relevant sections of
the data be published Poultry Scienceand the remaining sequences be submitted to one
of the sequence databases. Acceptance for pubhceticontingent on the submission of
sequence data to one of the databases. The foljastatement should appear as a footnote
to the title on the title page of the manuscrifibé nucleotide sequence data reported in

this paper have been submitted to GenBank Submigsiail Stop K710, Los Alamos
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National Laboratories, Los Alamos, NM 87545) nutild® sequence database and have
been assigned the accession number XNNNNN.”

Publication of the description of molecular clonesssumed by the editors to place them
in the public sector. Therefore, they shall be maxkslable to other scientists for research
purposes.

Nucleotide sequences must be submitted as cameydiigares no larger than 21.6 x 27.9
cm in standard (portrait) orientation. Abbreviagsorshould follow Poultry Science
guidelines.

General Usage. Note that “and/or” is not permitted; choose the enappropriate meaning
or use “x or y or both.”

Use the slant line only when it means “per” withmered units of measure or “divided
by” in equations. Use only one slant line in a givexpression (e.g., g/d per chick). The
slant line may not be used to indicate ratios ottunes.

Use “to” instead of a hyphen to indicate a rangseit spaces around all signs (except slant
lines) of operation (=, —, +, x, >, or <, etc.) whbese signs occur between two items.
Items in a series should be separated by comnmsdeb, and c).

Restrict the use of “while” and “since” to meaning$ated to time. Appropriate substitutes
include “and,” “but,” or “whereas” for “while” antbecause” or “although” for “since.”
Leading (initial) zeros should be used with numbess than 1 (e.g., 0.01).

Commas should be used in numbers greater thanF&&gfistered (®) and trademark (™)
symbols should not be used, unless as part of t@leatitle in the References section.
Trademarked product names should be capitalized.

Supplemental Information (Online)

The following information is available online angdated regularly. Please refer to these
pages when preparing a manuscript for submission.

Journal Title Abbreviations. A list of standard abbreviations for common jourtiés is
available online (http://ps.fass.org/misc/iforg.dtl

S| Units. The following site (National Institute of Standaraisd Technology) provides a
comprehensive guide to S| wunits and usage: htly#ips.nist.gov/Pubs/SP811/

contents.html
Figure and Table Preparation Guidelines. Current detailed information on figure and table

preparation can be found at http://ps.fass.org/fosa.dtl
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Manuscript Central I nstructions. Manuscripts are submitted online
(http://mc.manuscriptcentral.com/psa-ull user instructions for using the Manuscript

Central system are available on the Mansuscriptr@emome page.



