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RESUMO

AVALIACAO DE PROBIOTICOS PARA FRANGOS DE CORTE E PROBIOTICO E
CROMO ORGANICO PARA POEDEIRAS

AUTOR: Otoniel Félix de Souza
ORIENTADORA: Catarina Stefanello

O presente estudo avaliou a utilizagdo de probidticos comerciais, compostos por
microrganismos do género Bacillus, e seus efeitos sobre o desempenho produtivo, qualidade
de ovos e bioquimica sérica de matrizes de poedeiras, além do desempenho e microbiota fecal
de frangos de corte. Para isso, foram realizados dois experimentos nas instalacdes do
Laboratorio de Avicultura da Universidade Federal de Santa Maria. No experimento I, o
objetivo foi avaliar os efeitos da utilizacdo de Bacillus subtilis PB6 (2.0 x 10 UFC/qg),
propionato de cromo ou uma combinagdo dos dois aditivos sobre o desempenho, qualidade
dos ovos e da casca do ovo, metabolizabilidade de nutrientes e bioquimica sérica de matrizes
de poedeiras. Foram utilizadas 64 matrizes de poedeiras das racas Rhodes Island Red (n = 32)
e Plymouth Rock White (n = 32) com 55 semanas de idade, alojadas em gaiolas individuais
em galpdo convencional de postura. As aves foram distribuidas em delineamento de blocos ao
acaso, com 4 tratamentos e 16 repeticdes, com as aves utilizadas como unidade experimental.
As dietas foram: controle; controle + probidtico (suplementada com B. subtilis, 500g/t);
controle + CrProp (propionato de cromo, 50g/t); controle + B. subtilis + CrProp. Parametros
produtivos e qualidade da casca do ovo, bem como parametros bioquimicos e cortisol no soro
foram agrupados em periodos de 28 dias cada, e no periodo total de 55 a 70 semanas. A
metabolizabilidade de nutrientes e energia foi determinada as 70 semanas de idade. Os dados
foram submetidos a analise de variancia pelo procedimento GLM do SAS, e quando
significativas, as médias foram comparadas pelo teste Tukey (P<0,05). No periodo total, as
galinhas alimentadas com as dietas controle + probidtico ou controle + probi6tico + CrProp
tiveram maior producdo de ovos, massa de ovos, porcentagem de casca, espessura e
resisténcia da casca (P<0,05). A metabolizabilidade da matéria seca, nitrogénio e energia foi
maior quando as galinhas que receberam a dieta controle + probidtico + CrProp (P<0,05).
Portanto, a suplementacdo de probidtico + CrProp em racGes para matrizes de poedeiras de 55
a 70 semanas resultou em melhor utilizacdo de nutrientes e melhor desempenho produtivo e
qualidade de ovos. No experimento |1, foi avaliado o probi6tico B. subtilis BS-009, BS-020 e
BS-024 (5 x 10* esporos/g), comparado a um antibidtico promotor de crescimento. Foram
utilizados 750 pintos, machos, Cobb 500 com 1 dia de idade, distribuidos em 5 tratamentos,
com 6 repeticBes de 25 aves. Os tratamentos foram: Controle negativo (dieta sem aditivo e
sem desafio); Controle positivo desafiado (CP) e com suplementacdo de 0,2 kg/t de
probidtico; CP + 0,3 kg/t de probidtico; CP + 0,4 kg/t de probiodtico e CP + 0,025 kg de
flavomicina/t. Aos 14 dias, os frangos dos tratamentos desafiados receberam vacina comercial
para coccidiose (10x a dose). No 19° dia, foi realizada gavagem oral de 1 mL/ave com
indculo de Clostridium perfringens (3,1 x 10° UFC/mL). Nos dias 5 e 25 foram coletadas
excretas para analise de microbioma. O desempenho produtivo foi avaliado semanalmente até
os 42 dias. Ndo houve diferenca significativa para as variaveis de desempenho entre o0s
tratamentos. Entretanto, houve aumento na diversidade da microbiota fecal de bactérias &cido-
laticas e do género Clostidiales, aos 5 e 25 dias. Dessa forma, a suplementacéo do probiotico
contribuiu na manutencdo do desempenho e composicdo da microbiota benéfica em frangos.
Portanto, probidticos de diferentes cepas de B. subtilis contribuiram para a melhoria do
desempenho e qualidade de ovos de poedeiras e do microbioma de frangos de corte.



Palavras-chave: Bacillus subtilis, digestibilidade, frango de corte, microbioma, propionato
de cromo, qualidade de ovo.



ABSTRACT

EVALUATION OF PROBIOTICS FOR BROILER CHICKENS AND PROBIOTICS AND
ORGANIC CHROMIUM FOR LAYING HENS

AUTHOR: Otoniel Félix de Souza
ADVISOR: Catarina Stefanello

The present study evaluated commercial probiotics, composed of microorganisms from
Bacillus, and their effects on the productive performance, egg quality, and serum biochemistry
of layer breeders, as well as growth performance and fecal microbiota of broiler chickens. For
this, two experiments were performed in the Poultry Science Laboratory at Federal University
of Santa Maria. In experiment |, the objective was to evaluate the effects of using Bacillus
subtilis PB6 (2.0 x 10" CFU/g), chromium propionate, or a combination of both on
performance, egg and eggshell quality, nutrient metabolizability, and serum biochemistry of
layer breeders. Sixty-four hens of Rhodes Island Red (n = 32) and Plymouth Rock White (n =
32) at 55 weeks of age, housed in individual cages in a conventional laying house, were used.
Birds were distributed in a randomized block design, with 4 treatments and 16 replicates, with
birds used as the experimental unit. The diets were: control; control + probiotic
(supplemented with B. subtilis, 500g/ton); control + CrProp (chromium propionate, 50g/ton);
control + B. subtilis + CrProp (supplemented with both additives). Productive parameters and
eggshell quality as well as biochemical parameters and serum cortisol, were grouped into
periods of 28 days each and from 55 to 70 weeks. Nutrient and energy metabolizability were
determined at 70 weeks of age. Data were submitted for analysis of variance using the SAS
GLM procedure, and when significant, means were compared by the Tukey test (P<0.05). In
the total period, hens fed the control + probiotic or control + probiotic + CrProp diets had
greater egg production, egg mass, shell percentage, shell thickness, and shell strength
(P<0.05). The metabolizability of dry matter, nitrogen, and energy was higher in hens fed the
control + probiotic + CrProp (P<0.05). In conclusion, the diet probiotic + CrProp
supplementation for layer breeders from 55 to 70 weeks increased the digestibility of nutrients
and improved the productive performance and egg quality. In experiment Il, a probiotic B.
subtilis BS-009, BS-020, and BS-024 (5 x 10! spores/g) was evaluated, compared to an
antibiotic growth promoter. A total of 750 male Cobb 500 1-day-old chicks were distributed to
5 treatments, with 6 replicates of 25 birds. The treatments were: Negative control (basal diet
without additives or challenge); Challenged positive control (CP) and supplemented with 0.2
kg/ton of probiotic; CP + 0.3 kg/ton of probiotic; CP + 0.4 Ig/ton of probiotic and CP + 0.025
kg of flavomycin/ton. At 14 days, broilers of challenged treatments received a commercial
cocci vaccine (10x dose). On day 19, birds were orally gavaged with 1 mL/bird of
Clostridium perfringens (3.1 x 10° cfu/mL). O day 5 and 25, excreta were collected for
microbiome analysis. Growth performance was evaluated weekly until day 42. There was no
significant difference in performance variables between treatments. However, there was an
increase in the diversity of fecal microbiota for acidic bacteria and Clostidiales at 5 and 25
days. Therefore, probiotic supplementation contributed to maintain performance and for the
beneficial composition of microbiota in broilers. In conclusion, probiotics from different B.
subtilis strains contributed to improve performance and egg quality of laying hens as well as
microbiome of broiler chickens.

Keywords: Bacillus subtilis, broiler, chromium propionate, digestibility, egg quality,
microbiome.
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1 INTRODUCAO

A nutricdo avicola busca de maneira eficiente produzir proteina animal de qualidade
por meio do adequado ajuste das exigéncias nutricionais, formulacéo de dietas e utilizagdo de
aditivos, em geral buscando custo minimo. Desse modo, aves destinadas a producgdo
comercial foram selecionadas para alta produtividade, e esse potencial genético deve ser
atendido sem comprometer o bem-estar animal (BRYDEN et al., 2021), de modo que a
nutricdo representa uma ferramenta importante para manter em equilibrio essa relacéo.

De maneira geral, a maioria das condi¢fes de manejo e criacdo das aves apresenta
certo grau de complexidade, estando a ave exposta a inumeros desafios no ambiente de
criacdo. Dentre esses desafios, a presenca de microrganismos patogénicos é uma realidade na
producdo avicola, podendo resultar em problemas sanitarios com perdas na producédo
(SNEERINGER et al., 2015). Desse modo, ao longo de décadas, a pratica rotineira do uso de
antibidticos promotores de crescimento (APCs) na racdo de animais de producdo foi utilizada,
com o0 objetivo de prevenir doencas e proporcionar ganhos no desempenho animal
(CASTANON, 2007). No entanto, atualmente existe uma pressao global para remocdo de
APCs na racdo dos animais, o que tem sido adotado atualmente pelas agroindustrias no Brasil.
A proibicdo é motivada por uma série de fatores, incluindo medidas legislativas, pressao do
publico consumidor e razdes éticas (COWIESON; KLUENTER, 2019).

A proibicdo do uso de APCs na producdo animal oportuniza um vasto campo de
estudos sobre aditivos que sejam favordveis a salde intestinal das aves, como uso de
probidticos. De acordo com NEIJAT et al. (2019) existe um interesse cientifico e comercial
para 0 desenvolvimento de solugdes alternativas para beneficiar a saide animal e promover
seguranca alimentar em sistemas avicolas. Assim, a utilizacdo de probidticos na industria
avicola tem sido estudada para aumentar a eficiéncia alimentar, proporcionar uma microbiota
intestinal sauddvel, melhorar a taxa de crescimento e inibir o desenvolvimento de
microrganismos patogénicos (JENI et al., 2021). Neste contexto, a maioria dos resultados de
pesquisa e utilizacdo de probidticos a campo tem sido realizada em frango de corte, j& 0s
estudos que avaliam a eficacia de probioticos em racdes para aves de postura séo limitados.
Dessa forma, € oportuno realizar mais pesquisas para desenvolver novos conhecimentos,
permitindo embasar estratégias nutricionais para superar os fatores limitantes na produgéo de
aves.

A utilizacdo de cromo organico como aditivo em racfes para aves tem sido

oportunizada através dos efeitos positivos do aditivo para reduzir estresse por calor na
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producdo de frangos de corte. Pesquisas j& exploraram o efeito do cromo em poedeiras,
matrizes e frangos de corte, para diferentes objetivos, suplementado de diferentes fontes e
niveis, o que tem demonstrado que o cromo apresenta propriedades antioxidantes, que ajudam
a atenuar os efeitos negativos do estresse oxidativo, enquanto contribui para 0 metabolismo de
lipidios, proteinas e acidos nucleicos (RAJALEKSHMI et al., 2014; FARAG et al., 2017;
SPEARS et al. 2019).

Em frangos de corte, as pesquisas e a utilizagdo do cromo organico sdo mais
frequentes, comumente avaliado em lotes submetidos a estresse por calor (DALOLIO, et al.,
2018). Em galinhas poedeiras, a suplementagdo de propionato de cromo nas racgdes
demonstrou beneficios no aumento da producdo de ovos, eficiéncia alimentar e qualidade dos
ovos, niveis de colesterol do ovo e cortisol sérico (MA et al., 2014; CHEN et al., 2021).
Embora os probidticos e o cromo apresentem diferentes funcBes principais quando
suplementados em racOes para aves, esses aditivos tém algumas acbes semelhantes no
controle do estresse, melhorando o estado de salde e o sistema imunoldgico das aves, 0 que
pode resultar em melhorias no desempenho das aves.

Probidticos contendo diferentes cepas de microrganismos estdo entre os aditivos mais
utilizados na avicultura atual, e avaliar esses aditivos para poedeiras e para frangos de corte
também é uma necessidade. Desse modo, estudar os efeitos de probioticos e a combinagdo de
aditivos € um tema atual e que requer mais dados por meio da realizacdo de pesquisas

cientificas.
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2 OBJETIVOS
2.1 GERAL

Avaliar a suplementacdo do probidtico Bacillus subtilis PB6 e cromo organico para

matrizes de poedeiras e B. subtilis BS-009, BS-020 e BS-024 para frangos de corte.

2.2 ESPECIFICOS

Avaliar os efeitos do B. subtilis PB6, propionato de cromo e a combinacdo desses
aditivos sobre o desempenho produtivo, qualidade de ovos, metabolizabilidade de nutrientes e
bioquimica serica de matrizes de poedeiras de 55 a 70 semanas de idade.

Avaliar os efeitos do probidtico B. subtilis BS-009, BS-020 e BS-024 sobre o
desempenho produtivo e o microbioma fecal de frangos de corte de 1 a 42 dias e submetidos a

desafio intestinal.
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3 REVISAO BIBLIOGRAFICA

3.1 INTRODUCAO DOS ANTIBIOTICOS PROMOTORES DE CRESCIMENTO NA
AVICULTURA

O segmento da avicultura moderna conhecido nos dias de hoje foi construido ao longo
de décadas, fundamentado em um modelo tecnificado com conceitos tedricos e cientificos nas
premissas da nutricdo, selecdo genética e automacao do sistema produtivo, impulsionado pela
demanda de proteina animal pelo mercado conumidor. Assim, criou-se um sistema intensivo,
caracterizado pela préatica de criacdo animal em granjas e cadeia produtiva integrada em larga
escala.

A implantacdo do sistema de producdo avicola intensivo resultou na necessidade de
estabelecer medidas profilaticas para o controle sanitario dos plantéis avicolas. Desse modo,
com a descoberta dos antibidticos e verificada sua atuacdo sobre o controle e prevencdo de
contaminagfes microbianas intestinais, passaram a ser utilizados amplamente nas racdes para
animais de producdo, em pequenas doses e para atuacdo como promotores de crescimento
(GOETTING; LEE; TELL, 2011).

A descoberta dos antibidticos ocorreu por volta da década de 1920, alcangando um
grande marco na cadeia produtiva avicola global, uma vez que a utilizacdo desses aditivos em
doses sub terapéuticas na producdo animal resultou em melhora no desempenho, promovendo
maior taxa de crescimento e maior eficiéncia alimentar, além de eliminar microrganismos
patogénicos que pudessem competir com bactérias benéficas por nutrientes no trato digestivo
das aves (CASTANON, 2007; GADDE et al., 2017). O primeiro antibiotico promotor de
crescimento (APC) oficialmente licenciado para inclusdo em racdes de aves foi a
sulfaquinoxalina, utilizado para o controle de coccidiose.

Considerando o periodo p6s-guerra, grandes empresas farmacéuticas emergiram como
principais produtoras de antibidticos sintéticos e bioldgicos. Nesse cendrio, o elo entre
empresas farmacéuticas e de ragdes, permitiu que pesquisas fossem desenvolvidas para testar
substancias medicamentosas em rebanhos de producéo, a fim de possibilitar a retomada da
producdo animal dos paises afetados pela guerra (KIRCHHELLE, 2018). No entanto, com o
passar das décadas a pratica rotineira e indiscriminada da adicdo de APCs em doses sub
terapéuticas nas ragGes passou a ser questionada na nutricdo animal, em decorréncia dos
riscos associados ao surgimento de resisténcia bacteriana aos principios ativos dos
antibidticos e possivel presenca de residuos nos alimentos de origem animal
(LAXMINARAYAN; HEYMANN, 2012; MUND et al., 2017).
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A exposicdo continua de animais a doses baixas de APCs e profilaticos atrelado ao
cenario ao qual sdo administrados na producdo animal, possibilita condi¢Bes ideais para 0
surgimento de resisténcia bacteriana (YOU; SILBERGELD, 2014). Ademais, a presenca de
residuos de antibidticos nos produtos de origem animal é considerada um problema para a
salde humana, visto que, alguns substancias residuais estdo associadas a problemas
cancerigenos, reagdes alérgicas e desequilibrio da microbiota intestinal (CHEN; YING;
DENG, 2019).

Reconhecidas as implicacfes associadas ao uso dos APCs na producdo animal,
entidades internacionais como a Organizacdo Mundial da Saude (OMS) e Comité Econémico
e Social Europeu (CESE), atestaram para a proibi¢cdo do uso de algumas substancias desde
1997 e 1998, respectivamente (CASTANON, 2007). Nesse sentido, no Brasil a medida que
surgem casos comprovados de resisténcia microbiana, APCs sdo proibidos de
comercializa¢do. Seguindo as recomendacfes de 6rgdos e entidades internacionais, o Brasil,
por meio da Instrugdo Normativa n° 1, 13 de janeiro de 2020, do Ministério da Agricultura
Pecuaria e Abastecimento (MAPA), determinou a proibicdo do uso de aditivos melhoradores
de desempenho que contenham os antibidticos tilosina, lincomicina e tiamulina (BRASIL,
2020). Nessa perspectiva, estudos buscam alternativas nutricionais frente ao uso dos
antibidticos na producdo avicola, como 6leos essenciais e acidos organicos (BRENES;
ROURA, 2010; KALMENDAL et al., 2016), por exemplo. Um dos aditivos nutricionais mais
bem estudados na avicultura moderna consiste no uso dos probioticos (AL-KHALAIFAH,
2018; ALAGAWANY et al., 2018).

3.2 MICROBIOTA DO TRATO GASTROINTESTINAL
3.2.1 Resisténcia microbiana aos antibiéticos

As aves de producdo comercial, frangos de corte e galinhas poedeiras, apresentam em
seu trato digestorio uma comunidade de microrganismos complexa e amplamente variada,
denominada microbiota intestinal (AKINYEMI et al., 2020). A microbiota comensal do trato
gastrointestinal das aves desempenha importante papel na manutencdo da salde intestinal
através de mecanismos moduladores e fungdes fisiologicas, fundamentais para homeostase
intestinal (CARRASCO; CASANOVA; MIYAKAWA, 2019).

Os microrganismos benéficos podem atuar na fermentacdo intestinal de substratos

dietéticos (carboidratos e proteinas) ndo digeridos ou ndo absorvidos pelo animal,
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convertendo em monossacarideos e &cidos graxos de cadeia curta, melhorando posteriormente
a absorcéo intestinal desses nutrientes (NEIJAT et al., 2019).

No passado, acreditava-se que a colonizacdo do trato digestorio das aves pela
populacdo microbiana estava relacionada unicamente aos fatores externos: racao, agua, cama
e ambiente de criacdo. Atualmente, acredita-se que a colonizagdo do trato digestério pode
ocorrer muito antes da exposicdo da ave ao ambiente externo, por meio da transmisséo
vertical, derivada da matriz para o embrido, através do processo de formacdo do ovo no
oviduto (DING et al., 2017). Adicionalmente, a microbiota do trato gastrointestinal de pintos
recém eclodidos pode ser originada de contaminantes fecais ou ambientais, aderidos na casca
dos ovos, durante o processo de incubacdo (DONALDSON et al., 2017).

A comunidade microbiana presente no trato digestorio das aves pode sofrer constante
mudanca ao longo do ciclo de desenvolvimento do animal, podendo ser influenciada pela
genética, fatores ambientais, sexo, caracteristicas do individuo, 6rgdo, idade do animal, dieta e
uso de antimicrobianos (YADAV; JHA, 2019). Assim, tendo em vista que cada 6rgdo do
sistema digestivo desempenha func¢des importantes para o processo digestivo e absorcdo de
nutrientes. Os microrganismos também desempenham funcées independentes em cada um dos
orgdos, e tem sido sugerido que existe uma diferenca significativa na composicdo taxondmica
nos diferentes 6rgdos do trato digestivo, podendo ser considerados ecossistemas separados,
apesar de estarem fortemente interligados (VAN DER WIELEN et al., 2002).

A microbiota gastrointestinal tem uma das maiores densidades celulares para qualquer
ecossistema e as aves apresentam uma quantidade de 107 a 10! bactérias por grama de
contetdo intestinal (APAJALAHTI; KETTUNEN; GRAHAM, 2004). As bactérias presentes
no hospedeiro sdo divididas em trés tipos: bactérias dominantes (>10° UFC/g amostra),
bactérias subdominantes (10° a 10° UFC/g amostras) e bactérias residuais (<10° UFC/g
amostra) (YADAV; JHA, 2019).

Os diferentes segmentos do trato digestivo das aves sdo colonizados essencialmente
por bactérias do género gram-positivas, majoritariamente anaerobio facultativos (YADAV;
JHA, 2019). A regido do papo, moela e duodeno compartilham microbiota semelhante,
dominada pelo género Lactobacillus (99% em algumas aves), lactobacillus, Clostridiaceae,
Bifidobacterium, Enterobacteriaceae, Enterococcus, coliforms e Streptococcus, (SEKELJA et
al., 2012). O jejuno também apresenta uma maior quantidade de Lactobacillus, principalmente
L. salivarius e L. aviarius (FENG et al., 2010).

No intestino delgado e grosso, o ambiente torna-se favordvel ao crescimento de

microbiota diversa. Na regido do ileo encontra-se a presenca de Lactobacillus (dominante),
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Candidatus Arthromitus, Enterococcus, Escherichia coli/shigella e Clostridium XI (MOHD
SHAUFI et al., 2015; POURABEDIN; ZHAO, 2015). Ja os cecos, sdo 0 segmento do trato
digestivo que apresentam maior densidade e diversidade microbiana (Lactobacillus,
clostridium, Bifidobacterium) quando comparado com o trato gastrointestinal superior nas
aves (POURABEDIN; ZHAO, 2015; STANLEY; HUGHES; MOORE, 2014).

O estabelecimento e atua¢do da microbiota comensal no sistema digestério contribui
para a disponibilidade de nutrientes (acidos graxos, aminoacidos, compostos nitrogenados e
vitaminas) que de maneira direta ou indireta sdo importantes para o metabolismo animal
(CLAVIJO; FLOREZ, 2018).

A fragdo do alimento que nédo €é aproveitada no trato digestorio superior das aves, é
direcionada para a porcdo distal, servindo de substrato para fermentacdo bacteriana. As
bactérias intestinais degradam fracdes indigestiveis do alimento, como polissacarideos nao
amilaceos e proteinas de baixa solubilidade, resultando em unidades simples de
monossacarideos e aminoacidos, substratos importantes para a fermentacdo e producdo de
acidos graxos de cadeia curta (acetato, propionato e butirato) e aménia (REHMAN et al.,
2007; PAN; YU, 2014).

A sintese de acidos graxos de cadeia curta através da fermentacdo bacteriana confere
reducdo no pH do lumen intestinal, inibe o crescimento de bactérias patogénicas, modula
secrecOes biliares e pancreaticas, fornece energia para a proliferacdo de células epiteliais
(enterdcitos), auxilia na manutencdo da integridade da parede celular (producdo de muco) e
viabiliza uma maior capacidade de absorcao intestinal das aves (MROZ et al., 2006).

A presenca de microrganismos patogénicos (Salmonella, E. coli e Clostridium spp.) no
trato digestorio das aves € uma ocorréncia natural, no entanto, uma situacéo de desequilibrio
da populacdo intestinal pode alterar a proporcdo de bactérias benéficas e patogénicas. Esse
evento pode desencadear infecgdes intestinais, como colibacilose, enterite necrética e outras
doencas que sdo de grande preocupacdo na avicultura, levando a enormes perdas econémicas
(SNEERINGER et al., 2015).

Para solucionar esse problema, a industria ao longo dos anos fez uso da utilizacéo de
antibidticos, uma alternativa vidvel para o controle de microrganismos patogénicos do trato
digestorio das aves, além de atuar na melhora do desempenho animal. No entanto, a exposi¢édo
continua ao uso de APCs na producgdo animal, tem desencadeado aumento na pressdo de
selecdo de cepas bacterianas resistentes (DAVIS et al., 2011).

Um antibio6tico deve apresentar um modo de acdo seletivo, atuando apenas sobre 0

microrganismo patogeno, mas ndo no hospedeiro. O antibidtico deve atuar em estruturas e
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funcdes microbianas distintas daquelas encontradas no hospedeiro, através dos processos de
inibicdo da sintese de proteinas, da sintese de parede celular, de &cidos nucléicos e provocar
danos a membrana plasmatica (TORTORA, 2017).

A resisténcia a antibioticos pelas bactérias patogénicas de humanos e animais pode ser
desencadeada e compartilhada através de mecanismos de transformacgdo e conjugacdo, que
podem ser rapidamente disseminados dentro das comunidades microbianas (DIARRA,;
MALOUIN, 2014).

Dessa forma, a resisténcia pode ser expressdo através de propriedades intrinsecas ou
adaptativas, sendo a primeira uma propriedade genética estavel, codificada no cromossoma do
DNA e compartilhada por todos os membros do género. No entanto, a propriedade adquirida
ocorre quando ha uma mudanca no DNA bacteriano, de modo que um novo traco fenotipico
pode ser expresso (BEZERRA,; et al., 2017).

3.3  BACILLUS COM ACAO PROBIOTICA

Em termos conceituais os probidticos podem ser definidos como microrganismos
vivos que quando administrados em quantidades adequadas, conferem um efeito benéfico a
salde do hospedeiro (AL-KHALAIFAH, 2018; FULLER, 1989). Muito embora, 0s
probidticos ja existam ha algumas décadas, o uso desse aditivo na nutricdo animal vem
apresentando maior destaque em decorréncia da preocupacdo crescente do publico
consumidor com relacdo a seguranca alimentar e qualidade dos produtos de origem animal
(VOHRA; SYAL; MADAN, 2016).

Atualmente, os probidticos apresentam uma ampla variedade de espécie de
microrganismos como bactérias e fungos, formados por cepas de Bacillus, Lactobacillus,
Bifidobacterium, Streptococcus e Saccharomyces (DOWARAH; VERMA; AGARWAL,
2017). Tais microrganismos apresentam atividade capaz de reduzir bactérias prejudiciais
(Salmonella typhimurim, Staphylococcus aureus, Escherichia coli e Clostridium perfringens)
(PALAMIDI et al., 2016; AL-KHALAIFAH, 2018). Nesse sentido, cepas de alguns Bacillus
sp. tém sido utilizadas como aditivos dietéticos em ragdes para animais. O género Bacillus sp.
representa um grupo de bactérias gram-positivas, aerobicas ou anaerdbicas facultativas
formadoras de enddsporos. A capacidade de formar esporos € benéfica e permite seu
armazenamento por longo prazo, sem causar perdas de viabilidade em comparagdo com
aqueles que contém bactérias ndo formadoras de esporos (MINGMONGKOLCHALI;
PANBANGRED, 2018).
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Estudos envolvendo espécies de Bacillus sp. para fins medicinais, datam de 1958. No
entanto, o interesse cientifico por espécies de Bacillus sp. como probidticos, ocorreu apenas
nas ultimas duas décadas, sendo as espécies mais extensivamente estudadas nos ultimos anos
Bacillus subtilis, Bacillus clausii, Bacillus cereus, Bacillus coagulaans e Bacillus
licheniformis (CUTTING, 2011).

A utilizacdo de B. subtilis como aditivo é uma realidade na avicultura, dada sua
caracteristica favoravel ao crescimento e manutencdo da microbiota intestinal benéfica,
capacidade de adaptacdo e sobrevivéncia a passagem pelo trato digestorio das aves, além de
sua aplicabilidade no processamento industrial de ragbes (TEO; TAN, 2007). Essas
caracteristicas sdo especialmente importantes para aquelas bactérias destinadas ao uso em
racdes, nas quais teriam que sobreviver a altas temperaturas durante o processo de peletizacao
e, apods a ingestdo, acdo litica dos sais biliares no trato intestinal da ave (TEO; TAN, 2006).

Dentre as varias cepas de B. subtilis, o B. subtilis PB6 representa uma cepa natural,
isolada do intestino de poedeiras saudaveis. Estudos realizados in vitro com o B. subtilis PB6,
apontam para a producdo de um composto biologicamente ativo com acdo antimicrobiana,
que sdo as surfactinas. As surfactinas sdo lipopeptideos ciclicos anfipaticos pertencentes a
familia de peptideos ndo ribossémicos, com propriedades emulsificantes, antibacterianas,
antivirais e antitumorais (JAYARAMAN et al., 2013). J& o aditivo probiético formado pela
combinacéo das cepas de B. subtilis BS-009, BS-020 e BS—024, apresenta propriedades para
formar endosporos altamente resistentes, além de sintetizar compostos antimicrobianos e
diferentes enzimas exogenas.

Para que possam exibir efeitos benéficos no hospedeiro, as bactérias probioticas
devem ser capazes de sobreviver, colonizar e persistir temporariamente no trato
gastrointestinal do animal. Para isso, a cepa probiotica deve apresentar capacidade de produzir
esporos, ser termoestavel, ndo apresentar patogenicidade a espécie hospedeira e tolerar as
condigdes acidas do trato digestivo (MINGMONGKOLCHAI; PANBANGRED, 2018).
Diante desse cenario, a abordagem de aditivos probidticos na nutricdo animal apresenta-se
como uma alternativa em relacdo ao uso dos antibidticos (quimioterapicos e farmacos),
proporcionando beneficios ao hospedeiro, como: inibicdo de microrganismos patégenos do
trato digestivo, imunoestimulacdo, aproveitamento dos nutrientes e melhora nos parametros
produtivos (PARK et al., 2016; VOHRA; SYAL; MADAN, 2016).
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3.4  MECANISMOS DE ACAO DOS PROBIOTICOS

O efeito benéfico dos microrganismos probidticos pode ser representado por
mecanismos de acdo, por meio dos quais, pode inibir o crescimento e proliferacdo de
comunidades bacterianas indesejaveis no trato digestivo do animal hospedeiro. Os
mecanismos de acdo incluem competicdo por sitios de adesdo no epitélio intestinal ou
exclusdo competitiva, competicdo por nutrientes, producdo de bacteriocinas, acidos graxos
volateis e modulacdo do sistema imune (KHAN; NAZ, 2013).

3.4.1 Exclusdo competitiva

O mecanismo de exclusdo competitiva desempenhado pelas bactérias probidticas, diz
respeito a ocupacao fisica dos sitios de adesdo no epitélio intestinal, evitando a formacao de
coldnias de bactérias patogénicas. Tal processo ocorre em locais especificos de adesdo, como
vilosidades intestinais e criptas, além de provocar a sintese e excre¢do de mucinas (MUC2 e
MUC3) pelas células caliciformes que inibem a aderéncia de bactérias enteropatogénicas
(CHICHLOWSKI et al., 2007).

A superficie da mucosa intestinal € revestida por uma camada epitelial simples,
formada por células absortivas e caliciformes, revestida pelo glicocalice. A camada de
glicocalice apresenta consisténcia viscosa, composta por glicolipideos, glicoproteinas
(mucina), imunoglobulinas e eletrélitos. Sua principal funcdo é proteger o epitélio intestinal
contra danos mecanicos e proteger o hospedeiro contra infecgdes bacterianas (BRON; VAN
BAARLEN; KLEEREBEZEM, 2012; MONTEAGUDO-MERA et al., 2019).

A aderéncia das bactérias a mucosa intestinal, pode ser possivel através de proteinas de
ligacdo com especificidade & superficie de membrana da mucosa ou através das fimbrias
(MONTEAGUDO-MERA et al., 2019). As fimbrias sdo estruturas de superficie que fornece
as bactérias um vinculo com seu ambiente externo, possibilitando interagir e se ligar a células
do hospedeiro (HOSPENTHAL; COSTA; WAKSMAN, 2017). Através das lectinas presentes
em sua constituicdo, as fimbrias sdo capazes de reconhecer oligossacarideos especificos dos
sitios de ligacdo da parede intestinal, essas estruturas fornecem as bactérias uma vantagem
para colonizacéo das superficies da mucosa (HOSPENTHAL; COSTA; WAKSMAN, 2017).

Ademais, as bactérias probidticas podem desencadear um efeito bioldgico, através da
sintese de substancias inibitorias por meio da fermentacdo de nutrientes ndo absorvidos no
intestino delgado (REVOLLEDO; FERREIRA; MEAD, 2006). A producao de &cidos graxos

volateis pelo metabolismo das bactérias probidticas, resulta em menor pH intestinal, condicéo
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essa adversa para o crescimento de microrganismos patogénicos, Salmonella e Escherichia
coli (BERMUDEZ-BRITO et al., 2012). A producdo de metabdlitos bacterianos desempenha
papel fundamental, ndo apenas contra bactérias patogénicas, mas podem também regular o

estabelecimento e interacdo de comunidades bacterianas benéficas (NAVA et al., 2005).

3.4.2 Competicdo por nutrientes

A competicdo por nutrientes pode ser um dos mecanismos de resisténcia & colonizagéo
de patdgenos no trato gastrointestinal. As bactérias probioticas presentes no intestino, utilizam
0s nutrientes presentes no lumen, reduzindo de modo significativo a quantidade de nutrientes
para as bactérias patogénicas (BAJAJ; CLAES; LEBEER, 2015). Isso ocorre quando as
bactérias probidticas utilizam para sua nutricdo os nutrientes dos ingredientes que foram
parcialmente degradados pelas enzimas digestivas normais dos animais ou que foram
intencionalmente adicionadas a racdo (SAKOMURA et al., 2014).

3.4.3 Estimulo ao sistema imune

Um intestino saudavel é de grande importancia para o metabolismo animal, ndo
apenas pela funcdo de absorcdo de nutrientes, mas também como barreira de defesa inata
contra a maioria dos patdgenos intestinais (BRON; VAN BAARLEN; KLEEREBEZEM,
2012). Embora a relacdo entre 0os microrganismos probi6ticos e a imunomodulacao ndo esteja
totalmente elucidada, a aderéncia de algumas bactérias probioticas, pelo menos temporaria, a
mucosa gastrointestinal pode ser necessaria para estimular o sistema imunoldgico do
hospedeiro (HEMARAJATA; VERSALOVIC, 2013).

A atuacdo dos probidticos na resposta imunoldgica aumenta a atividade dos
macrdfagos, elevando os niveis de anticorpos locais, induzindo a regulacdo de interferon e
células natural killers (DOWARAH; VERMA; AGARWAL, 2017). Os probidticos podem
interagir com 0s receptores de reconhecimento padrdo, como os receptores Toll-Like de
células dentriticas e macrdofagos por meio de padrées moleculares associados aos patdégenos
(PAMPs) que estdo presentes na superficie da célula bacteriana ou que podem ser secretados
no ambiente extracelular (MONTEAGUDO-MERA et al., 2019). Ademais, 0s probidticos
podem ser capazes de fortalecer a barreira intestinal, mantendo o complexo de juncGes célula—
célula impermeaveis e induzindo a producdo de mucina. A imunomodulagdo mediada por
probidticos favorece a secre¢édo de citocinas por vias de sinalizacdo, como fator nuclear kappa

B (NF-kB) e das proteinas quinases ativadas por mitdogenos (MAPK), que também podem
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afetar a proliferacdo e diferenciacdo de celulas imunes (como células T) ou células epiteliais
(THOMAS; VERSALOVIC, 2010).

3.5 IMPLICACAO ZOOTECNICA DO USO DE PROBIOTICOS NA AVICULTURA

A producdo de proteina (carne e ovos) € o objetivo elementar na cadeia avicola, no que
diz respeito a oferta de alimento seguro e de qualidade. A utilizacdo de probidticos na
avicultura tem ganhado destaque em decorréncia dos beneficios sobre a salde dos animais,
integridade do trato digestorio e digestibilidade dos nutrientes da dieta, melhorando a
eficiéncia alimentar das aves.

Jayaraman et al. (2017), ao avaliarem os efeitos da suplementacdo de B. subtilis PB6
(5 x 10! UFC/kg) na dieta de frangos de corte de 1 a 35 dias, sobre a histomorfometria
intestinal, verificaram melhora significativa na altura das vilosidades e profundidade de cripta
do duodeno em comparacdo aos tratamentos contendo avilamicina e bacitracina metileno
disalicilato. As medidas de altura das vilosidades e profundidade de cripta sdo geralmente
usadas para avaliar a integridade intestinal. O mecanismo pelo qual a inclusdo do probiético
melhora a morfologia intestinal, pode estar associado a sua capacidade de produzir
substancias semelhantes aos antibioticos, que podem proteger as vilosidades contra patdgenos
e toxinas e modificar bactérias intestinais (XING et al., 2015). O aumento da altura de
vilosidade é sugestivo a uma maior area destinada a absorcdo dos nutrientes disponiveis no
trato digestivo. No entanto, uma menor altura de vilosidade e criptas mais profundas podem
ser responsaveis por uma ma absorcdo de nutrientes, aumento da secrecdo de muco no trato
gastrointestinal e desempenho reduzido dos animais (XU et al., 2003).

Hernandez-Patlan et al. (2019), observaram efeito positivo de B. subtilis sobre o ganho
de peso e composi¢do da populacdo microbiana intestinal de frangos de corte aos 21 dias
submetidos a um modelo de desafio, em relacdo ao grupo desafiado sem suplementacéo de
probiotico na dieta. O grupo desafiado e com suplementacgdo de B. subtilis apresentou reducéo
de bactérias indesejaveis, enquanto os géneros de Lactobacillus e Bacillus aumentaram.

Latorre et al. (2017), ao avaliarem a suplementacdo de B. subtilis (10° esporos/grama
de racdo) sobre a microbiota intestina de frangos de corte ndo desafiados, aos 28 dias de
idade, constataram menor nimero de bactérias gram-negativas € aumento no nimero de
bactérias lacticas em comparacdo com a microbiota do grupo ndo suplementado.

Darsi & Zhaghari (2021) verificaram que a suplementagio de B. subtilis PB6 (2 x 10’

UFC/kg) na dieta de matrizes pesadas com 57 semanas de idade, proporcionou melhora na
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qualidade de ovos, unidade Haugh e espessura de casca, em comparagdo com aves
alimentadas com dieta controle sem probidtico. A melhora da qualidade de casca de ovos
provenientes de aves recebendo dieta com probioticos, pode estar associada a acdo benéfica
dos probioticos sobre o ambiente digestivo, permitindo uma condicdo favoravel para maior
absorcdo intestinal de célcio, condicao essa, decorrente da maior digestibilidade aparente do
calcio dietético, resultando em maiores niveis plasmaticos de calcio durante a formagdo da
casca (WANG et al., 2021).

Sobczak; Koztowski, (2015) avaliaram os efeitos da suplementacdo de B. subtilis PB6
(1 x 108 UFC/Kkg) na dieta de poedeiras entre 18 a 42 semanas de idade, sobre o desempenho e
qualidade de ovos. Os autores verificaram melhora significativa para qualidade de casca e
unidade Haugh de ovos de aves recebendo dieta com probidtico em comparacdo as galinhas
do tratamento controle.

Para Abdelgader; Al-Fataftah; Das (2013), os resultados para maior qualidade de ovos
em aves suplementadas com B. subitilis, esta relacionado a melhor absor¢do dos nutrientes da
dieta. Ademais, Wang et al. (2021), reforcam que a melhor absorc¢éo € influenciada pela maior
disponibilidade de nutrientes, visto que 0s microrganismos probidticos tém a capacidade de
produzir enzimas digestivas enddgenas ao longo do trato digestivo da ave, potencializando a
digestédo de nutrientes.

3.6  UTILIZACAO DO CROMO ORGANICO NA NUTRICAO

O cromo é considerado um mineral que necessita de maior investigacdo para que seja
possivel definir sua essencialidade na nutricdo de aves. Sands & Smith, (1999) fornecem
evidéncias de que o cromo exerce papel nutricional e fisioldégico importante na nutricdo de
aves, tendo seus efeitos evidenciados sob condicGes de fatores estressores ambientais,
nutricionais e hormonais. Ademais, a suplementacdo dietética de cromo pode afetar de
maneira positiva a taxa de crescimento e a eficiéncia alimenta de aves em crescimento,
particularmente em aves criadas sob condicdes de estresse por calor ou frio.

A Food and Drug Administration nos Estados Unidos aprovou a utilizacdo do
propionato de cromo como aditivo para frangos de corte em concentragdes de até 0,20 mg
Cr/kg (FDA, 2019). O cromo se caracteriza como um micro mineral e se apresenta na forma
de complexos organicos (25 a 30% de disponibilidade) e inorganicos (cerca de 13%) (PIVA et
al., 2003). As formas orgénicas sdo cromo—L—metionina, complexo cromo-acido-nicotinico,

cromo picolinato, propionato de cromo e cromo levedura. A forma inorgénica é o cloreto de
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cromo o qual apresenta menor taxa de absor¢do e menor atividade bioldgica quando
comprado as formas organicas (SWAROORP et al., 2019).

As atribuicGes para a menor disponibilidade das fontes inorganicas em relacdo as
fontes organicas estdo relacionadas a formacdo de oxido cromico insollvel, a ligagdo com
agentes quelantes naturais presentes nos alimentos (fitato, por exemplo) e a interferéncia de
formas ibnicas de outros elementos bem como baixa ou nenhuma conversdo de cromo
inorganico para a forma bioativa (MOEINI et al., 2011).

De modo geral, o cromo estd envolvido no metabolismo de carboidratos, lipideos e
acidos nucleicos em diferentes espécies animais (ANDERSON, 1997). No metabolismo dos
carboidratos, tem participacdo importante como componente integral da cromodulina, que é
uma unidade oligopeptidica de ligagdo ao cromo com baixo peso molecular, que atua no
processo de sinalizacdo da insulina através de membranas celulares (VINCENT, 2000), o que
possibilita o estimulo da captacdo de glicose pelas células do tecido alvo.

E conhecido que o cromo também tem participacio na regulacio do estresse,
reduzindo os niveis dos glicocorticéides, refletindo em melhora sobre o desempenho,
qualidade da carne e resisténcia a patogenos (OBA et al., 2012). De acordo Jackson et al.
(2008), os resultados de pesquisa envolvendo a utilizagdo de cromo na nutrigdo de aves sao
um tanto inconsistentes, ao que diz respeito ao ndo verificar efeito positivo sobre as mesmas
caracteristicas de desempenho estudadas em diferentes estudos. Para o autor isso se justifica

pelo fato dos trabalhos anteriores utilizarem fontes de cromo com baixa disponibilidade.
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Simple Summary: Environmental conditions can generate heat stress in poultry production. Feed
additives have been supplemented in diets for layers and broilens to improve their health stabus,
immune system and nutrition, a8 well a8 productive performance. This paper shows the effects
of probiotic Bacllus subtilis PBS and chromium propionate diet supplementation on productive
parameters, ege and egpshell quality, excreta moistune, cortisol and serum biochemistry of laying
boeeder hens. Diets supplemented with Badllus subtllis FBS, chromium propionate or a combination
of the bwo msulted in improved egg production, fed comversion mtio, eggshell quality and nutrient
metabolizability, without modifying the main serum biochemical parameters of hens from 55 to
70 weeks of age. Highlighted improvements in hen performance and eggshell quality wens observed
when hens wene fed diets supplemented with a combination of the probiotic and choomium. This
study expands our undenstanding concerning the combined supplementation of probiotics and

Abstrack The objective of this study was to evaluate the effects of Bagllus subfilis PBS, chromium
propicnate or a combination of the bwo on the pedommance, egg and egphell quality, nutrient
metabolizability and serum biochemistry of layer breeders. White Flymouth Rock and Red Rhodes
Liland breeder hens at 55 weeks of age were allocated in imdividual cages using a completehy
randomized block design with 16 eplicates. Hens were fed comtrol, contnol + probictic (500 i/ tom of
Bacllus subtilis FBE), control + CrProp (30 g/ ton of chromium propicnate) and control + probiotic
+CrPrnpdiBﬁm55 h}?ﬂw&k&-rﬁap’. P‘mlcluctwepnmtemuﬂlew}ﬂuqua]it}r as well
as cortisol and blood bicchemistry were grouped each 28 d as well as for the overall period. The
metabolizability of mutrients and enengy was determined at 70 weeks of age. In the overall period,
hens fed the control + probiotic or control + probiotic + CrProp diets had significantly higher egg
production, egg mags, shell percentage, thickness and shell strength. The metabolizability of doy
matter, nitrogen and energy imcreased in hens that wene fed the control + probiotic + CrProp diet
In comclusion, diets supplemented with Becilhes sibiillis PBS and chromium propionate resolbed in
improved productive performance, e gipshell quality and nutrient metabolizability of layer breeders,
without modifying serum cortisol, albumin and triglycerides.

Keywards: blood biochemdstry; breeder hen; eggshell quality; onganic chrominm; probiotic

1. Introduction
Feed additives have been increasingly used in animal nutrition due to their remark-
able benefits. The use of probiotics has aroused widespread interest in poultry farms,
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being relaterd to improvements in the immune system of hens, while benefidally affecting
the hosts by modifying their intestinal microbiome as well as improving feed efficiency,
digestion and production performance [1-3]

Probiotic effectivensss for poultry may depend on several factors, including microbial
species compasition, diets, supplemental dose, combination with other additives and
environmental siress factors [4). Baallus subtlis PBE is a natural strain isolated from
healthy dhicken gut that produces antimicrobial components with broad activity against
microorganisms [5,6]. In laying hens, Bacillus subfilis PBS increased feed efficiency and
reduced excreta moistume as well as cholesterol content in ey yolk and serum [7, 8] Other
beneficial effects of this probiotic for hens were improvements in egg production, egg
quality, nutrient digestibility and retom on investrrent [9-11]

Heat stress is considered as one of the most important environmental stressors that
maodifies the cxidant/ antioxidant system and compromises the health status of laying
hens, resulting in their poor performance worldwide [12]. It has been reported that dietary
Badllus sublilis supplementation could reduce heat stress in birds [13] However, organic
chromium has been the main additive that has demonstrated positive effiects against stress
conditions in birds; several researchers have started exploring the effect of chromium on
laying hens, breaders and broilers, for different requirements [14-16]. The US Food and
Drug Administration approved chromium propionate (CrProp) as an additive for broiler
feeds at concenirations up to 0.20 mg Cr/kg [17].

Chromium has been supplemented from different sources and levels, and it has been
shown to present antioxidant properties, which help to attenuate the negative effects of
acidativie stress, while contributing to lipid, protein and nudeic acid metabolism [15].
Furthermore, chromium has also been related to improvemnents in el preservation and
irnmume responses, which condribute to aninal homeostasis and thermoregulatory capacity
under heat stress conditions [19]. In laying hens, chromium propionate supplementation
resulted in increased egg production, feed efficiency and egg quality, whemeas it reduced
egy cholesterol levels and serum cortisol [16,20, 21

The effect of Bacllus s biilis or chromium propionate on performance improvements
in broilers is well- documented; however, more data are needed on when these additives
are supplemented in diets for layer or breeder hens as well as when both additives ame
combined. The objective of this study was to evaluate the effects of Becllus subtillis PB&,
chromium propionate or a combination of the two on the performance, egg and eggshell
quality, nutrient metabolizability and serum biochemistry of laying breeder hens of 55 o
F0weeks of age.

L Materials and Methods

All procedures involving live-bird management and healthcare were approved by
the Ethics and Research Committes of the Federal University of Santa Maria, Santa Maria,
Rio Grande do Sul, Brazil (approval number: 52042807 17).

2.1. Birds and Treatmenits

A tokal of 32 Whike Plymouth Rock and 32 Red Ehodes Island laying breeder hens at
Sl weeks of age, obtained from the Poultry Science Laboratory (LAVIC-UFSM, Santa Maria,
ES5, Brazil), were allocated in a conventional poultty house, weighed and placed in in-
dividual wire cages (0.33 m length = 0,46 m deep x 040 m height) until the end of the
experiment at 70 weeks of age. Hens had free access to water and mash feeds. The Highting
program was a 16180 cycle.

Hens were distributed by weight and egg production before starting the experiment
in a complately randomized block design, where each reatment was composed of 8 White
Flymouth Rock and & Red Rhodes Island breeder hens. Hens were subjected to a 4-week
adjustment period to the experimental diets and then fed the experimental feeds from
55 to 70 weeks of age. Birds were fed 4 dietary treatments with 16 replicates, and the
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experimental unit was the individually caged hen Measurements were done in 28 d
periods, defined as 55 to 58, 59 to 62, 63 to 66 and 67 to 70 weeks of age.

22 Experimental Diets

All ingredients utilized during the study were from the same batch. A common
control diet (Table 1), formulated of corn, soybean meal and wheat bran, was mixed,
and afterwards the additives were supplemented to cbtain the other dietary treatments.
Treatments consisted of control (control; without additives); control + probiotic (control diet
supplemented with Bacillus subtilis PB6 probiotic); control + CrProp (control supplemented
with chromium propionate); and control + probiotic + CrProp (supplemented with both
the probiotic and chromium propionate) diets.

Table 1. Ingredient and nutrient composition of the control diet.

lem Control Diet (55 to 70 Weeks of Age)
Ingredients, %
Com 5852
Soybean meal, 46 % CP 19.64
Wheat bran 4.00
Soybean oil 236
Dicalcium phosphate 152
Limestone 1284
Salt 0.43
DL-Methionine, 9% 0.30
L-Lysine-HCl, 78% 015
L~ Threonine, 98.5% 0.09
Mineral and vitamin premix ! 015
Nutrient and energy composition, % or as shown

AME, keal/ kg 2750
Crude protein 1450
Calcium 430
Available phosphorus 0.35
Total phosphorus 0.53
Sodium 0.18
Potassium 0.59
Chloride 0.35
Dig. Lys? 075
Dig. Met + Cys 070
Dig. Thr 0.58
Dig Trp 0.15

T Campasition per kilogram of feed: vitamin A, 8000 TU; vitamin D3, 2000 [U; vitamin E, 20 IU; vitamin K3, 2

hmZm;:)dﬂvmjmg yridoxine, 2.5 mg; cy balamin, 0.012 mg, § theni acid.l.'»mgn‘n:g

35 mg; folic aad, 1 mg; biotm, g irom, 40 1g; zing, 80 mg mangarese, 0 mg; copper, 10 mg; iodme, 0.7 mg;
and selenium, 0.3 mg. ¥ Digestible-aminc-acids-to-digestible- Lys ratios were mamtaired at TSAA 0.94; Thr 0.77;
Val 477; Trp 0.20; Arg 1.13;and Do 0.67.

The probiotic was supplemented at 500 g/ ton from a commerdial Bacillus subtilis PB6,
PTA-6737 + 98% calcium carbonate (ClJC)S]'A'I0 Dry; Kemin Industries Inc,, Des Moines,
IA, USA) with 2.0 x 101! CFU/g. The organic chromium was supplemented at 50 g/ ton
from a commercial product (Km\TRACE.OChmmiumCH% Dry; Kemin Industries Inc.,
Des Moines, IA, USA), an organic-compliant form of chromium propionate.

2.3. Hen Performance and Egg Quality

Hens were fed twice a day and eggs were collected four times per day. Egg production
by each hen was recorded daily. Feed intake (g/bird/day), feed corwersion (kg feed /kg
eggs and kg feed/dozen eggs), egg production (%), egg loss (%) and dirty eggs (%) were
grouped per period of 28 d. The egg loss (%) was considered as eggs that were broken,
cracked, porous or thin-shelled.
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Daily egg mass was calculated by multiplying the laying rate (%) by the average weight
of eggs (g) divided by 100. At the end of each 28 d period, average egg weight, specific
weight, albumen height, percentage and shell thickness were measured for 4 consecutive
days All intact eggs from each hen were identified and individually weighed. The specific
weight was determined using the flotation method in saline solution, where seven saline
solutions were prepared, ranging from 1070 to 1.094 g /em?® with a variation of 0.004 g/ cm®
for each solution. After the test, all eggs weme used to determine the albumen height.
Measurements in millimeters (num) were related to egg weight to determine the Haugh
unit-HUIDEIDU{H+?.5?—15-‘“"]3'},inw}|id1H=a]b1menreigM{m}a:ﬂw=egg
weight (g).

¥olk and albumen weights were also cbtained o determine yolk and albumen per-
centapes of the entire ege. The yolk index (Y1) was assessed by measuring yolk width (YW)
and yolk height (YH), and was the ratio between these bwo parameters as Y1 = YH/ YW
The percentage of moisture and total solids of yolks wemre determined using one egg per
cage (method 950.46 [22]) The yolk samples were placed in individual plastic drying
containers and taken to a forced-air oven with a temperature of 55 *C for 72 h (Marconi,
MA 035, Piracicaba, 5P, Brazil). Then, total solids were evaluated in an owen at 105 *C for
24 h (method 934,01 [23]).

Shells weme washed and dried at room emperature for 72 h, then weighed using a
precision digital scale (0L001 g; Bioscale, Sao Paulo, SF, Brazil). Shell percentage w as ex-
pressed relative to the egg weight After weighing the shells, shell thickress was measumed
at 3 points in the central region of each shell without the external membrane using a digital
micrometer (Mitutoyo Sul Americana, Sao Paulo, SF, Brazil).

All intact eggs prodwed on day 28 of each period were used for the measurement of
shell streng th () and yolk strength (M), which were obtained with a texturometer, a TAUXT2
Texture Analyzer with a cylindrical, stainless steel 6 mm probe (Texture Technologies Corp.
and Stable Micro Systems Lid., Hamilton, MA, USA ) following the methodology described
by Stefanello et al. [24]. After shell srength evaluation, the egz was broken to measune the
yolk vitelline membrane strength, which was also obtained with a texturometer, a TAXT2
Texture Analyzer with a cylindrical, stainless steel 2 ram probe

24 Blood Chemiistry

Blood was collected from 10 random hens before the start of the experimental period.
At the end of each 28 d period, blood was collected from the wing vein of § hens per
freatment and centrifuged (3400 EPM for 20 min}, and the obtained serum was stored at
—80“C. The serum was used to determine glucose, total cholesterol, albumin and trighy e
erides using a BS- 120 automatic biochemical analyzer (Mindray Headquariers, Nanshan,
Shenzhen, China). Commercial kits (Bioclin®, Quibasa, Belo Horizonte, MG, Brazil) wen
used following the methodology proposed by the manufacturer for albumin, cholesteral,
triglycerides and glucose, Serum cortisol (n = 32 per period) was determined using a
chemiluminescence immunoassay kit Samples were automatically diluted by the biochem-
ical analyzer in the proportion of 1:10 (sample to distilled water), reducing the effects of
lipemia, hemolysis and jaundice that any sample could present.
25 Excreta Moisfure

At the end of each 28 d period, excreta were collected on trays covered with plastic
placed under the cages. Excreta samples from each experimental unit weme pooled by cage,
mixed and stored at —20 “C until analysis. Subsequently, excreta were weighed and dried
in a forced-air oven at 55 “C until maching constant weight and ground to pass a (L5 mm
screen (Tecnal, B-TE-648, Sao Paulo, SF, Brazil). Moisture analysis of eccreta was performed
afler overrdrying the samiples at 105 *C for 16 h {method 934.00 [23]).
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26 Total Tract Metabolizabdity

O the last day of the experiment (at 70 weeks of age), excreta weme collected per
cage to evaluate the apparent metabolizable energy (AME) and the apparent total tract
metabolizability coefficents of dry matter (DM), nitrogen and energy. Celite at 1% was
used in each experimental feed, and diets with markers weme provided for 3 days before
the excreta collection

Excreta were collected twice daily for 2 days, immediately mixed and pooled by
cage and stored at —20 “C until analysis. Prior to calorimetry, excreta wene dried in a
forced-air oven at 55 “C and ground to pass a (L5 mm screen. Analysis of the concentration
of dry matter of diets and excreta was performed after oven-drying the samples at 105 *C
for 16 h Diets and excreta were also analyzed for gross energy (GE) using an adiabatic
bombr calorimeter (Parr Instrument Company, 6400 Calorimeter, Moline, IL, USA) with
bereoic acid as a calibration standard. The nitrogen concentration of diets and eccmeta was
determined via the dry combustion method using a CN analyzer (Thermo-Finnigan Flash
EA 1112, Waltham, MA, USA). Acid insoluble ash concentrations in the diet and excreta
samiples weme determined using the method described by Vogtmann et al [25] and Choct
amd Arnnison [26].

Apparent total tract metabolizability coefficients of DM, nitrogen and enetgy wene
calculated using the following equation [27,28]):

Metabalizability coefficient = 1 — [(Mi/Mo) = (Eo/ Ei)],

whem Mi and Mo are the concentration of acid insoluble ash in diet and ecereta (g kg of
DM) samiples, respectively; Ei and Eo ame the concentration of nitrogen or DM (g/ kg of
DM or GE {keal/ kg of DM) in diet and excreta samples, espectively.

The AME (keal/kg) of experimental feeds was caleulated using the analyzed con-
tent of acid insoluble ash and GE as previously deseribed by Kong and Adeola [I7],
Sefarello et al. [23] and Haetinger et al. [29].

27, Stafistical Analysis

Data wemre submitted to the normality test and Levene's test for homogeneity of
variance and were fransformed using the arcsine square root perentage (z = arcsine (sqrt
(y/ 100)) whenever not normally distributed [20]. Data wene subjected to one-way analysis
of variance using the MINED proedume of SAS [21], and means were compared by the
Tukey test at p< 005

3. Results

Analysis of Badlhis subfilis PB6 in the experimental diets showed that the supplemen-
tal probiotic had in-feed concentration in agreement with the expected values. Bacillus
subfiis FB& was not detected in the control or control + CrProp feeds; however, the -
ﬁ:?m'}'ufﬂacﬂ']‘ussuh‘.ﬂ':’s in the control + probiotic feed was 68 = ¥ CFU/ g and the
control + probiotic + CrProp feed had 7.0 = 10 CFU/ g. Chromium was supplemanied at
0.20 mg/ kg of feed and it was not detected in water samples collected on the first and last
day of the study.

Mo effect was chserved between the two sirains of layer breeders, previously blocked in
the experimental design, and only treatments were considered as an independent variable.
There were noefects (p > L05) of dietary reatments on body weight, feed intake, egy loss,
dirty eggs and mortality evaluated per 28 d period or in the owerall period.

Productive performance and excreta moistune of Layer beeeders ane presented in Table 2
and demonstrate that the probiotic and organic chromium supplementation improved FCR,
ege production and egg mass (p < 0.05). From 59 ko 62 and 63 to 66 weeks of age, hens fed
the control + probiotic + CrProp diet had lower exceta moisture compared to birds fed the
conirol diet (p = L7 and p= 0052, respectively ); however, the excreta moisture was not
different among treatments in the owerall period from 55 to 70 weeks of age.
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Table 2 Productive Perﬁ:rmm and exceeta mostue of er_:,rerb:eader&&d diets Bupphmmﬂdwiﬂiﬁpxﬂﬁnﬁ: and chromium propiomake from 55 to 70 weeks of age.

Bxcmeta

Iiem BW, g EF, % FI?, ghhenfd Egg Loss, % Dirty Eggs, % Egg Masy, g FCR ®, kg FCR, kgfiz Moi %

Perind af 55 to 5 woeks of age
Cantrol 163 (=L 130 mne &7 g L m 7o
Cantrol + probiatic ¢ M@ 716 130 91 il 413 03 k. T
Cantrol + CrProp s 719 128 94 il a6 ETL 218 Ta2
Comiral + probiotic + CrProp 12 7a2 129 T 64 424 ET F1 70
SHM el 88 17 16 0% 082 008 M i1y
pvalse 648 0574 0918 L= 04974 06 0464 620 01355

Perind af 59 to 6 weeks of age
Cantrol a4 &8 131 67 L1 41 as 248 Ta4e
Cantrol + probintic 18 726 129 ag 53 425 £l 219 7rah
Control + Crifrop W62 07 127 45 72 s 08 210 T
Control + probiotc + CrProp k11 724 130 1% a7 424 ETL i bl
SEM 10 119 L6 10 13 ] w06 w06 07
pvalise 0348 0429 0858 s Ex 02w aue w068 M7

Perind af &3 to 66 weeks of age
Cantrol M3 6LE 129 9 9z ek LR L 4 740
Canerol + probintic "7 T 127 62 1 410 ER kL 28 773
Control + Crfrop 61 Til® 127 a1 ] w0r R Chg an b
Contral + probiotic + CrProp AT 7i3® 123 18 71 415" 10® 217 TE1h
SHM 7 [T 120 14 13 61 i [ 40
pvalse i 30 042 0718 Lk 862 08 [T @341 T

Perind af 67 to 70 weeks of age
Cantrol ] 6a4b 121 a3 108 L 130" P~ 774
Canérol + peobintic 170 641" 123 62 73 410 T AL Th
Control + Cel'rop M08 B 120 L] -1 a4 2k 21gs TE2
Contral + probiotic + CrProp k1] Tog* 122 LT L1 424 2umk 210% TS
SEM L1 L 13 11 15 L6% iy 08 043
pvahse 0150 049 0933 (1559 0573 00 053 150 04xr

Owerall perind {55 to T weeks of age)

Canitrol N3 e 128 88 1] gt 135" 241 TEY
Cangrol + peobictic ne Tog" 17 &3 63 421" awt rnh 7E0
Comtrol + Crfrop W56 T8 = 125 65 70 413" 106" 116% e
Contral + probiotic + CrProp 1 713e 126 57 EL] q23= 100% 110% TR0
SEM n3 (i) 142 5% 1546 04 w08 i 0.2
pvalse LITe 0043 0914 071s 0% 00 w2 wis1 0443

TEp- uction. ¥ Fl= fed intake. * PCR = foed comversion matin. 4 Bacillys subtlis PiS, PTA-6737 supplemenied at 500 g/ tan. * Chromiums propionate sopplesenied at 50 g/tor. *® Means with diffesnt
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Egg production inceased when layer breeders were fed the control + CrProp or
control + probiotic + CrProp diets from 63 to 66 weeks of age (p = 0.(42), and hens
fed control + probiotic or control + probiotic + CrProp diets presented higher egg mass
(p=0.059) and lower FCR (kg/ kg) (p= 0.025) in this period. From &7 to 70 weeks of age,
layer breeders fed diets supplemented with the probiotic, CrProp or both had higher egg
production and egg mass than the non-supplemented hens (p < (L05). The combination
between the probiotic and chromium supplemented in hens' diets resulted in the lowest
FCR in kg/ kg and kg/dz from 67 0 70 weeks of age.

Im the overall period, egg production increased when hens were fed the control + probiotic
or control + probiotic + CrProp diets compared to the control (p = 0.043). Additionally,
Layer breaders fed diets supplemented with probiotic, CrProp or both additives had higher
egyg mass and lower FCR (kg/ kg) than the non-supplemented hens (p < 0.05).

Egg quality and eggshell quality resulis are presented in Table 3. There were no
effects (p = 0.05) of dietary tmeatments on the Haugh unit, albumen and yolk percentage,
yolk strength, yolk index and total solids evaluated per 28 d period or in the overall
perind. However, shell thickness inceased when hens were fed diets supplemented with
the probiotic, CrProp or both additives compared to the control in all periods as well
as from 55 to 70 weeks of age (p < 0.05). Shell strength also increased in hens fed the
control + CrProp and control + probiotic + CrProp diets compared to the control and
control + probiotic diets (p < 0.05) in all 28 d pericds as well as in the overall period.
From 63 to 66, &7 to 70 and 55 to 70 weeks of age, diets supplemented with the additives
individually or in combination resulted in higher (p < 0.05) specific weight and shell
percentage compared to the non-supplemented control diet

The results of serum albumin, cholesterol, glucose and trighycerides at 50 weeks of age
(n=10), before the start of the experimental period, were 270 g/ dL, 176 mg/ dL, 210 mg/ dL
and 2012 mg/dL, respectively Serum cortisol (n = 32 per pericd ) was determined each
28 d period and there were no differences (p > 0.05) bebween cortisol concentrations for all
treatments and periods, and the obtained mean values were (0L05 mcg/dL or lower. In the
experimental period, dietary treatments did not affect (p > 0.05) albumin and riglyerides
(Table 4); however, in the overall period, cholesterol and glucose serum concentration
decreased (p = 0.009 and p = 0L037, mespectively ) when hens were fed the control + probiotic
or control + probiotic + CrProp dists compared to the control diet.

The total tract metabolizability and AME of layer breeders at 70 weeks of age ame
shown in Table 5. The AME was not significantly different among treatments; however,
metabolizability coefficients of dry matter and energy increased when hens wene fed diets
supplemented with the probiotic or the probiotic + chromium propionate cormpaned to the
control diet (p < 0L05). Hens fed diets supplemented with the probiotic + CrProp had the
highest total tract metabolizability of nitrogen (p= 0.001).

36



37

Amimels 021, 11, 304 Saf 14

Table 3. Egy and eggahell quality of layer breaders fed diets supplemented with the probictic and chromium propionate from 55 to 70 weeks of age.

B EWeghty o FF'“&” 3 HimghUsit  Albumen % Yelk, % Volk Sttt yulklndes el Selids, % Bhell, Thickmest, mm o e

PFeriond uof 55 ke SHmncachie uof agge
Catbrusl 571 s Bl &3 -T] 78 o 563 a5 nasee %3k
Conbrl + probiotic ! w7 086 B 26 .0 78 i 558 ag LEE- w4
Caatrinal + CrPrap = 5 a4 S5 =1 78 o 557 a8 [ E-a 05
Contdresl + proobiota: + CrProp =7 s T 26 =g 78 o 559 an nLme* 7
SHM i [ o= 47 oE oL nnm o oo o3 024
poviaha a4 L] LB LET ] s n4z8 e n7El nrs ams oo

il uof 59 ko 82 mncschs of age
Cotir] =l ] e BE &4 -T] 75 e 542 a1 L =1k
Cunrrtnal + prubaots: =] WE4 - ] &34 1 76 s 540 a5 L6 =3k
Cisnibral + CrPrip =] WE4 s a3 =T 75 i 549 ar [P m7e
Contdresl + probiots: + CrProp S0 WH - 4 &6 1 75 s 545 ar Lm0 m7e
SHM ] [ o7 a4l ] nm nnm o Lz w3 026
pviaha L& oma E4d oaEr asy o7 013 [E= Lz ED ool

PFeriond of 67 ko Smnocks of age
Coanbrrsl ;7 1 me &6 =4 74 s 53T alk T Mk
Contiral + probact: =T 1oez & L] &8 24 74 s 545 ar+ sk 3
Cosnitmsl 4+ CeProp 576 B4 gL0 26 =y 74 0 527 age e 10
Condrul 4+ prodbiotic + CrProp S0 noE] & B4 26 232 75 s 532 age [ I
051 [ ] s oz nm nnm L4z oo o nzs
il 055 e [ L] 0425 [T nzm 487 [Toh] QIES ool

Plesiisal iof 67 ey Pk of iagge
sl s e B 524 4 75 04 5%1 azh s 45"
Contiral + probaot: HLS B4 - =] a1 4 75 e 533 ags L6 T
Cosnitmal 4+ CeProp =3 WH - mz &34 =y 76 e 532 ays [ HEs
Condrul 4+ probiotic + CrProp anl WH - & 28 232 75 0 515 ays nEo- WG
SHM ] e} o= am o nm nnm L oo oma nzs
il L oms nam LEE] am onz 0545 (k] QMG oma ool

Orvierall purind (55 b 70 vk o agge]

Contrul =l ] 1m0 BT 24 2.4 76 0 543 az® [PLr el AL
Cunrinad + probats: w7 W4 e &5 2 76 e 544 ars e 52k
Cisntral + CrProp sTF W4 w &14 =7 76 o4 541 ags [l T
Cratdrel + proobivta: + CrProp sl WH3 - WS &0 200 Th e 543 ags nEo- I
SHM 45 4 051 s oy nLm nnm L nos o3 026
pvaha L3 oo 55 LT a4 160 L1856 [ Loz o3 ool

! Rarillus subtilis PBE, PTA-67E Wmmamym’ Chromsium propionade sopplemented at 50 g/ ton. ** Means with different sopemsonpt letiers differ significantly (< (005) based an the Tukey test.
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Table 4 Blood bischemical results of layer breeders fed diets supplemented with the probiotic and chriminm propisnas:

from 55 to 70 weeks of age.
Tsem’ Albumin, gfdL Chalesterol, mg'dL Glucoss, mgldl Triglyerides, mgfdL

Period of 85 to 88 wecks of age
Cantrol 21 s e 1857
Camitrol + probiotic * 218 L] 1 1774
Canitred + Crfrop b | us 194 1902
Control + probiotic + 210 1 140 1458
anxbv.{m R 0 63 13 1328
palue @11 06 L3 (k)

Period of B4 to 62 weeks of age
Canitrol 213 157 - 1917
Control + probiotic 116 157 186b 1978
Control + CrProp 10 132 % 1k 1551
Contral + probictic + Crffrop 208 sk 188 1321
SEM 0o 544 254 101
pralue (386 [ili o (k]

Period of 3 o 66 weeks of age
Cantrol 24 128 174 1636
Control + probiotic 13 1s 173 1308
::um+e:pmgm 238 1 70 1404
Contral + probictic + 130 1 161 1251
F%ﬁm nod 555 17 9
palue 03T 0143 (080 0555

Period of & to 70 weeks of age
Cantrol 258 17 185 1648
Control + probiotic 285 ) 186 1591
Comtrol + 25 18 18 1196
C-m‘d:ul-rpmﬁtp 251 116 174 1478
SEM (17 544 133 1002
palue ) 0157 760 414

Owerall period (55 to 70 waszks of

Canitrol 133 = 149 ) 192" 1770
Controd +probiotic 233 135% 185 1663
Control +Crfrop 136 125t 12k 1514
Contral + probiotic + Crfrop 28 118+ 13k 1404
SEM 0oz £ La2 673
pralue LT 0 e (B

! Serumn contine] was determined each 28 d riod and the obtained weans were 005 wog, dL or lower than the Lt of detection for all

dists and pericds {p> LOF) resulis of serue albumin, cholesterol, gheorse and trighy@ides at 50 weeks of age (n = 10)
b fom: the start of the 1 period were 270 gf dL, 176 mg,/dL, 10 :EJ:H_ and X112 dl, mspectively * Bacll us subtilis FB&,
FIA-T supplemenis al!mym’ﬂummm ae 50 g ton. * Means wth different soperscript letters
differ significantly (P (L05) based on the Takey st

Table 5 Coetficent of total tract metsbolizability and appamnt metabolizable enengy (AME) of layer
breeders fod diets BI.lFth'Enbd with the probdotic and chromium propionate at Thweeaks of apgE.

Item Diry Matter Mitrogem Energy AME, keal'kg
Contral T 567 osh 1 L
n:mmhpmbm:‘ orz= (T 0s4= v
Control + CrPrap (il (LG5 = ok M0
Control +probiotic + CrProp 07Ee 06E= 05" v
SEM 000% ol o 1661
prvale 0o (iTie (iTie 0

1Bﬂiﬂﬁ:mm-ﬂ?ﬂ?mpphmhdnm fton. T Chromivm propicnate ke rrenvied at 50 g5 ton.
HHmuwlﬂtdifhuﬂ!npﬂ!niPthmdiﬁn[pt%]ﬂﬂbmmeuhyhﬂ. i &

4, DMscussion

Layer breeders fed diets supplemented with additives can provide useful results for
evaluating the effects that Bacdlus subfilis FB6 and chromium propionate products would
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have on serum biochemical parameters, excreta moisture, energy utilization, egg quality
and productive performance of late-phase laying breeder hens.

Although probiotics and chromium present different main functions when supple-
mented in poultry feeds, these additives have some similar actions on stress control,
improving the health status and immune system of poultry, which may result in enhanced
bird performance. Marked benefits in performance and egg quality were observed when
hens’ diets were supplemented with both additives. Additionally, theme are different penera
of microorganisms commonly used as probiotics as well as variable sources of chromium,
which may influence the obtained results when added in poultry feeds [32,33]. Therefore,
Badllus subtilis and organic chromium should be mome explored for layers and breeder
the poultry industry.

The use of Baclius subtdis PB& (ATCC-FTA 6737) has been applied in the broiler
feed industry, being well-documented in the literature [5,5] For broilers, in addition to
improving intestinal microflora, beneficial effects such as stimulated digestion, enhanced
performance [5,34] and redweed mortality caused by disease [35] have been meported. Ther
are also published data available on the effect of Badlins subtilis on hen performance and
egg quality [7,10,36]. However, litthe information is available on the role of Badllus sublilis
FB6 in layers’ or breeders” production

In the present study, Baallus subfdis PB6 supplementation improved layer breeders’
performance, &g and eggshell quality. These results cormoborated the study conducted by
Dharsi and Zhaghari [11], where 63w eek-old broiler breeder hens fed diets supplemented
with Bacillus subtilis PB& (2 = 10F CFU/ g) presented higher egg production compared
to hens fed non-supplemented diets. These authors observed similar egg weight, but
inereased Haugh unit and shell thickness from 60 to 63 weeks of age.

Darsi and Zhaghari [11] also observed that Baclus subtiis FB6 supplemented in diets
for broiler breeders from 56 to 63 weebs of age resulted in a lower percentage of cracked
and dirty eggs, obtaining a positive efiect on settable eggs and hatchling healthiness.
Additionally, other studies reported decreased broken, cracked and shell-less eggs when
probiotics wem used [4,32,37]. In the present study, Hacilhis subtilis PB6 supplementation
decreased dirty and cracked eggs by 3% compared to non-supplemented hens in the overall
period; however, the small number of layer breeders available for this research did not
permit detection of small, statistically significant differences. The same meason explains the
absence of hatchability results.

The increased egpshell thickness was already associated with the reduction in the
number of cracked eggs, and it was suggested that the decreased damaged eggs could
be caused by the increased calcium retention in layers [11,32]. In the current study, layer
bmeadors fed dists supplemented with Bacflus subfilis PB6 probiotic presented higher
specific weight and shell thickness as well as shell strength and shell percentage, mainly
from &7 to 70 weeks of age or in the overall period

In the study conducted by Sobczak and Kozlowski [10], increased percentage, thick-
ness and strength of eggshells were obtained without modifying srum caleiurm, phios-
phorus, triglycerides and cholesterol in 42-week-old Lohmann Brown laying hens fed
diets supplemented with Bacillus subfilis PBS (1 = 10% CFU/ kg feed) compared to the
non-supplemented group. Fathi et al. [37] evaluated three different breeds of layers from
36 o 48 weeks of age fed 4 x 1 CFU /g of Bacllus subtilis, and reported increased eggshell
penentage, thickness and strength with lower cholesterol compared to non-supplemented
diets.

Some studies have shown that probiotic supplementation inereased levels of calcium
and decreased cholesterc] levels in the serum of Brown laying hens [4,33,29]. Gilliland
et al. [40] suggested that certain microorganisms present in probiotics might assimnilate
cholesterol from the gastoinestinal tract for their metabolism, thus reducing the amount
of absorbed cholesterol.  Probiotic bacterial strains ame also able to inhibit the activity

of hydroxymethyl-glutaryl-coeneyme A in the gastrointestinal tract [41] or modify e
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enterohepatic cycle and reduce cholesterol through assimilating dietary cholesterol into
bacterial cells [42]

Data on the digestibility and metabolizability of energy and nutrients using Badls
subtdis PB6 supplemented in hans' feeds are scaree. In the present study, laying breader
hens fed diets supplemented with this probiotic from 55 to 70 weeks of age had improved
egg production and eggshell quality, which were supported by increased energy, nitrogen
and dry matter metabolizability. In brodler dists, probiotic supplementation has been
related to improved performance along with increased AME and ileal digestibility of
nutrients [43], because this additive may be able to enhance the maintenance and barrier
function of the intestinal epithelium [1]. Dietary supplementation of Bacillus subfilis also
allowed for a reduction in excreta moisture, thereby preventing problems caused by wet
litter in poultry farms [7]. Excreta moisture was reduced in the current study, which was
similar to findings by Ribeiro Jr. et al. [35], where lower excreta moisture was eported
when 25- to 45-week-old layers weme fed a Bacillus subfilis at 3 or 8 = lﬂsfFlJfkgr.i.iet

T further substantiate the use of probiotic and chromium as potential, more beneficial
effects were obtained when hens wene fed Baolhs subfilis FB& + CrProp in the last period of
age, whem environmental temperatures were hotter. In the present study, a conwventional
poultry howse was used, repesenting the dimate and environmental conditions where hens
have been raised in South and Southeastern regions of America, which is characterized
by hot summers and mild winter emperatures. In these regions, hen producers do not
prioritize investing in the environment of their farms. Additionally, the comparison of
temperatures was not an objective of this study, and for this reason, it was not presented.
MNevertheless, averaged maximum and minirmum temperatures monitored on a daily basis
inside the shed were 21.6 *C and 12.4 *C, 25.5 *C and 13.0 *C, 28.8 *C and 18.0 *C and
308 °C and 19.1 °C, mspectively, from 55 to 58, 5% to 62, 63 to 66 and &7 to 70 weeks of age.
The mean air humidity was 66.0%.

In the curent study, CrProp supplementation improved the egg production, FCE
(kg kg) and egg mass of laying beeder hens. Ma et al. [21] supplemented incmasing levels
of CrProp in layers diets and observed enhanced egg production without affecting egg
weight and FCR in late-phase brown laying hens. Egg production and FCR. were also
improved when CrProp was supplemented in diets for laying ducks under heat-stressed
conditions without modifying Fl, as mported by Chen et al [15]. These authors also
indicated that CrProp was probably effective in alleviating the negative effects of heat
stress. Marked effects of CrProp were observed by the increased shell strength as well as
shell thickness and percentage, with improved specific weight Additionally, the majority of
eggshell quality effects were observed after 67 weeks of age in the present study. Improved
shell thickness was also eported by Maet al. [21] in laying hens fed a 0 o 0.60 mg Cr/ kg
diet from &0 to 68 weeks of age.

Chromium supplementation was previously reported to decrease blood total choles-
terod, low-density lipoprotein cholesterol and triglyceride [44,45]. In the present study,
cholesterol and glucose decreased when hens were fed diets supplemented with CrProp
from 55 to 70 weeks of age. However, albumin, righycerides and cortisol were mot afected.
Bahrami et al [46] observed educed cortisol kevels in the serum of broilers under heat
stress conditions thatweme fed diets supplemented with high Cr supplementation (0, 0,80 or
L20 mg). Since stress might have multiple origins, and cortisol could be a tool to evaluate
stress tolerance, studies reported the association between chromium and stress metabolism
through decreased sensitivity to stress and reduced concentration of cortisol in blood [47].

As mentioned above, along with stressful conditions and bird species, the results of
probiotic supplementation in bird diets can be variable depending on factors related to
microbial strains and supplemental doses. In the same context, contradictory results on
performance, egg quality and blood bochemistry concentration can be ecpected due to
chromium forms, sources and levels, as well as laying bird species, ages or production
systems. The combination of Beclhs subfilis PB& and chromium propionate seemed to
beneficially affect the performance and egeshell quality of late-phase laying breeder hens.
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5. Conclusions

In conclusion, diets supplemented with Bacllus subtilis PB&, chromium propionate or
a combination of the two resulted in improved egg production, feed conversion ratio and
eggshell quality as well as nutrient metabolizability, without modifying the main seTum
biochemical parameters in laying breeder hens from 55 to 70 weeks of age. Highlighted
improvements in hen performance and eggshell quality were observed when hens wene
fed diets supplemented with a combination of probiotic Badllus subtilis PB& + chromium
propionate. This study expands our understanding concerning combined probiotic and
organic chromium supplementation for laying breeder hens.
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Este capitulo € apresentado de acordo com as normas para publicagdo no Periddico
Animals.

A presente publicacdo é composta por dados de dois ensaios experimentais distintos,
sendo um deles realizado em outra instituicdo, o que foi necessario para complementar o
artigo. Portanto, apenas o experimento 1 foi realizado na UFSM, institui¢do a qual o discente
esta vinculado e destaca-se que o primeiro autor e sua orientadora ndo tiveram participacdo no

experimento 2 que foi realizado fora da UFSM.

Artigo submetido em 18 de abril de 2022 e publicado em 2 de junho de 2022. Revista
Animals, fator de impacto 3.231, quails Al.
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Simple Summary: Probiotics ame recognized for their beneficial health-promoting properties, through
competitive exclusion, promoting maintenano: of intestinal epithelial integrity and host immune
system homeostasis. The use of some spom-forming bacteria from the genus Pacillis has earned
inberest a8 a direct-fed microbial in recent years as a potential alternative to antibictic growth pro-
mioters and growth énhancers. The present study evaluates the nse of a Baclles subtilis spore-based
direct-fed microbial (£ ymospore™, Vetanco, Villa Martelli, Argentina) compared &0 an antibiotic
growth promoter on the performance of brodler chickens under experimental intestinal challenge
comditions. The results suggest that Fymospom® increases the divemsity of the broiler fecal microbiota
anid i8 an scceptable substituie for commonly used antibiobic growth promoetens under defined and
norr-defined intestinal dy sbicsis conditions.

Abstrack Diect-fad microbials (DFM) are added to broiler chicken diets in erder to promose the
proliferation of bene ficial intestinal bacterial populations, which may lead to gains in performance
efficency and, potentially, rechace the kvel of enteric pathogens in the broiler chickens. The sslectiom
and bboratory evaluation of Badllus subtilis strains as well as the experimental trial results of a novel
Bacillus-based commercial DFM product are described. Fifteen wild-type Bacllus sublis strains wene
characierized and asgayed for their ensmyme production capability, spore registancs to pH, salinity, and
temperature, and ability bo inhibit the growth of E. oli and Sabmmngla spp. The final DFM formulation
was evahiaked and compared to an antibictic growth promoter (AGPS) in two experimental trials. In
Experiment 1, broilers wene given a defined challenge of Elmeria spp. and Clostridim perfingets to
induce intestinal dysbiosis. The optimal dose of the DFM was determined to be 0.3 kg ton of fed.
At this dose, the broilers fed the DFM performed as well as the Flavomy cin®-fed broilers. Further,
intestinal microbicme anabysis indicates that the use of the DFM enhances bacterial diversity of the
gut flowa by day 5 of age, increaging levels of lactic acid backeria (LAB) and Clostridiales by 25 days of
age, which may enhance the digestion of #ed and promote growth of the birds. In Bxperiment 2, the
brodlers wene raised on mecycled litter and giv en an undefined challenge orally to mimic commerdial
grow th conditions. In this trial, the DFM performed as well as the bacitracin methy kene disalicylate
{BMI}-11%-fed birds. The results of the present studies suggest that this novel DFM, Zymospore™,
imprives the perfiormance of broiler chickens under ex perimental challenge conditions as effective as
an AGE, priwiding a saf and effective substitute b the poultry industry.

Amimals BI2T, 12, 1436 hetpe/ fdodong, 105390, ani12111436

|'|.I‘I:|:||:.ll mm#mﬁm

45



Amimals HOF2 12, 1436

2of 18

Keywords: antibiotic growth promoter; broiler chicken; challenge conditions; direct-fed microbials;
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L Introduction

Intensive management practices in poultry production induce enteric microflora
imbalances leading to diminishment of performance parameters [1,2]. To alleviate the
effect of dysbiosis in the gastrointestinal tract, diets have been commonly supplemented
with antibiotic growth promoters (AGPs), demonstrating an efiective decrease in the
presentation of digestive disorders [3], though the underlying mechanism of this AGP-
driven enhancernent is mot well understood. Recent microbial genomics and metabolomic
analysis of the broiler cecum indicates AGPs alter the bacterial community of the ceca,
increasing the overall microbial gene content of the cecum, which enhances the bacterial
community's ability to recycle host nitrogen compounds [4]. Further, it appears that AGP-
modified bacterial communities promote increased levels of bile salt production, helping
the host absorb fatty acids [4]. Both processes, in turn, drive performance of the broilers.
Identification of novel non-antibiotic compounds and/ or mixtures that have the same
positive impact on performance is of great importance to the broiler as the concern for
antimicrobial resistance (AME) grows and bans on the use of AGPs spread around the
world [5].

The indiscriminate and inappropriate use of antibiotics has led to the emergence of
multidrug-resistant pathogens, resulting in a ban on many AGPs [6,7]. As an aliernative to
AGPs, probiotics have been under investigation as feed additives to modulate the intestinal
microflora, which in tum support good productive esponses in animals [8,9]. Among the
species of microorganisms used as probiotics, some strains of the facultative anaerobic
Gram-positive genus Baclhis are receiving invportant attention due to their augmentative
properties on digestion, absorption of nutrients, and intestinal morphology [4,10,11] Fur-
thermome, the control of eneropathogens such as Salmmella spp., Jostridium perfringens,
Campylobacter spp., and Escherichin coli in the gastrointestinal tract (GIT) has been associated
with the use of Bacilhis-based probiotics [12,13]. The genus Baallus has the extracordinary
capacity to produce endospores under stressful environmental conditions; some of these
spores can resist high Emperatures used during feed preparation (pelletization), exireme
pH. dehydration, high pressures, and contact with caustic chemical substances [14]. These
admirable featumes make selected Bacillus spores a direct-fed microbial (DFM) suitable for
commercialization and distribution due to their AGP-like performance improvements, long
shelf-life, and stability [15,15].

There is evidence supporting the theory that some Baallus spores germinate in the
GIT of chickens [17], mice [18], pigs, dogs, and humans [19]. Metabolically active cells
are believed to produce antimicrobial substances, have immunomodulatory effects on
the intestinal mucosa, and function as competitive exclusion agents interacting with host
cells [20]. Furthermone, some Badllis species can produce and ecport an array of extracellu-
lar enzymes, induding protease, phytase, xylanase, keratinase, lipase, and cellulase [21,22
These ereymes help to degrade complex feed molecules, improve absorption of nutrients,
reduce intestinal viscosity in non-starch polysaccharide-rich diets (MSF), and decrease the
amount of substrates available for the grow th of pathogenic bacteria [23-25]. Additionally,
it has been shown that the presence of Badlhis species, such as Bacdlus subfilis, enhances the
growth of other beneficial microorganisms, for example, Lactebacihus, by the production of
subtilisin and catalase and also by decreasing intestinal pH [26].

All the benefits related to the utilization of Bagllus-DFMSs in the dist make suppla-
mentation with Bacillis spores an accessible and applicable altenative to antibiotic growth
promoters, while avoiding a concomitant increase in gastrointestinal diseases and main-
taining or improving performance parameters in poultry production under commercial
conditions. The purpose of the present study was to evaluate a recently developed com-
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mercial direct-fed microbial I',Z}'mnspmﬁ] mlative to AGPs on the performance of broiler
of a subset of birds was evaluated by 165 DNA sequencing. The data revealed that the
DFM-fed birds had a greater abundance and diversity of bacteria in their feces than the
basal-diet-fed birds, a feature similar to AGP-fed birds [4]. The growth performance of
broilers fed the DFM in these studies was better than the basal-diet-fed controls and similar
to the performance of the AGP-fed birds.

L Materials and Methods
2.1. Characterization of Bacillus subfdis Srains

Fifteen strains of Badlis spp. pevicusly isolated from soils collected from around
the country of Argentina were initially screenad on tryptic soy agar (TSA, Britania Labs,
Caba, Argentina) and Spizizen potato agar (SPA, ATCC medium 423) plates for their
ability to inhibit the growth of Salmonedla emterica serovar Enteritidis (5. Enteritidis, SE),
5. Typhimurium (ST), Escherichia coli isolated from pigs afflicted with colibacillosis (EC-
P}, an avian pathogenic E. coli (APEC) isclate (EC-C), and an enteropathogenic E. calf
(EPEC) isolate (EC-E) as prewiously described in [24] with the simple modification of using
a sterile 1 pL. loop to streak a straight line of each Bacillus isolake onto individual agar
plates that did mot towch the edge of the dish (2 agar plates per Bacillus isolate, 5 pathogen
isolates). Each plate was overlaid the following day with the respective pathogen isolate
of interest and incubated for 24 h at 37 *C. Zones of inhibition were measumed and scomed
as follows: (—) no inhibition, (+) inhibition < 2.0 am, (++) inhibitdon 2.1 to 45 cmn, (+++)
inhibition > 4.6 cm from edge of Bacilus, espectively. As growth and inhibition wee best
on SPA plates, Baallns isolates were evaluated for each pathogen inhibition on SPA agar
(Supplementary Table 51). An example (Figure 51) is provided im the Supplementary Data.
Furthert, the Bagllus isolates (Table 1) that consistently ranked among the best for pathogen
growth inhibition were selected for further characterization and were evaluated using
enzyme-specific agar plates to detect extrace llular ereyme production [24]. The spores of
the strains wene assayed for their resistance to temperature, salinity, and pH [14]. Based on
a combination of pathogen grow th inhibition and enzyme production, three strains wemne
selected and the colony morphology and growth characteristics of the three strains on TSA
plates were observed and recorded. Each strain was positively identified as Bocillus sublilis
using a series of macroscopic, microscopic, and biochemical assays (bioMeriewx AFIS0
CHB test kit, and bioMeTtieux, Lyon, France) {data not shown).

Table 1. Colony morphology description of selected B awhfills strains on solid agar medinm

Strain Form Texture Surface Color Elevation Sie Margins
B5-00% Irregular Rough Dy Yellowy ik whibe Flat 0.5-1cm Curled
B5-000 Irregular Rough Dy Yallowiak vwhite Flat 0.5-1em Curlad
B5-0zd Irregular Rough Mucoid Yellow iah white Flat 051 cm Curled/ Lobate

Evaluated strains were assayed for the following exiracellular enzymes: amylase
(starch agar, Difeo™ Starch Agar, BD), Franklin Lakes, NJ, USA), cellulase (carbooymethoyl
cellnlose agar, ATOC medium: 1513), proteases (casein agar, Femel™, Lenesa, KS, USA) [27],
and lipases (Difco™ Spirit Blue Agar, BD, Franklin Lakes, NJ, USA). The strains wene
cultured in tryptic soy broth (TSB, Britania Labs, Caba, Artgentina) ovemight at 37 *C, cen-
trifuged and washed with (L9% stetile saline the following day. The culture was quantified
by serial dilution on TSA plates and stored at 4 “C ovemnight The following day, each
cultume was diluted to 10% CFU/mL with stetile saline. Subsequently, 10 uL. of each strain
was placed at the center of each mespective enzyme assay agar plate, allowed to absorb,
uu:linﬂtla.l:edat!?‘:'i:mnﬁght To detect amylase and cellulase ene yme activity, the
plates were flooded with Lugol solution (Sigma-Aldrich, St Louis, MO, USA) for 2 min and
1 M Na(l (Sigma-Aldrich, 5t. Louis, MO, USA) solution for 15 min, respectively. Excess
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solution was discarded, revealing potential zones of clearing in the agar indicative of the
respective enzyme activity. A relative eneyme activity (REA) scome was used to categorize
the strains into Excellent, (REA > 5); Good, (REA 2 < 5); and Poor, (REA < 2) enzyme
producers. The REA is calculated by dividing the diameter of the zone of clearing by the
diameter of the colony in cm (REA = & of the zone of clearing (am)/ & colony (cm)) [24].
Each strain was analyzed by triplicate plating.

Spomes of the salected Bacilns ai b is strains weme assayed for their ability to withstand
potential physiological environments found within birds for two and four hours. An
isolated colony of each strain was inoculated into Difeo Sporulation Medium (DSM, BD,
Heidelberg, Germany) and incubated at 37 “C for 3 days. Sporulation was confirmed
by microscopy and malachite green (Sigma-Aldrich, 5S¢ Louis, MO, USA ) staining. The
vegetive colony-forming unit capability of each spore preparation was determined usug
serial dilution on TSA plates. Subsequently, each spore preparation was diluted to 1
CFU/mL Subsequently, 1 mL of the spore solution was added to 9 mL of sterile saline
adjusted to the indicated salinity (NaCl, Sigma-Aldrich, St. Lowis, MO, USA)or pH (1 M
HC, Sigma-Aldrich, S5t Louis, MO, USA) in sterile borosilicate glass tubes and incubated
at 37 “C. For the temperature resistance analysis, physiological saline was used. At 2 and
4 h of incubation, the tubes weme vortewed, and 0.2 mL of the solution was serially diluted
on TSA o determine the vegetative CFU/mL as an indirect measune of spore resistance to
each treatrment condition. These analyses were performed in riplicate

2.2, Direct-Fed Microbial (DFM) Product

Zymospore® (Vetanco S.A., Buenos Aires, Argentina) is a Badllus subffis spore-based
direct-fed microbial (DFM) containing at total of 5 > 10'! spores/ gram from BS-009, BS-020,
and BS-024.

23 Experiment 1
2.3.1. Housing Conditions

Experiment 1 was conducted at the Federal University of Santa Maria, Santa Maria,
Brazil. Birds wene maned in floor pens (1.5 m?) with new wood shavings as litter in a clean
experimental university poultry house. Each pen was equipped with one 18 kg feeder and
one drinker. The average emperature was 32 “C at placement, being reduced by 1 *C every
tw o days until meaching 23 “C to provide comfort throughout the study. A continuous
lighting schedule was used until d 7 post-hatch, whereas an 181: 600 oy cle with constant
intensity was used after that Birds had ad libitum access to water and mash feeds All
procedures used in the current study were approved by the Federal University of Santa
Maria, Santa Maria, Brazil (number 5404280717).

232 Animal Source and Dists

Seven hundred and fifty slow feathering male broiler day-old chicks (Cobb 500,
vaccinated for Mamek's and Avian Bronchitis diseases at the hatchery, were purchased from
a local hatchery (Agrodanieli Group, Tapejara, RS, Brazil) and weighed (45 + 0.4 g). A
four-phase corm—soybear-meal-based feeding program was used with pre-starter (1 to 7 d),
starter (7 to 21 d), grower (21 to 35 d), and finisher (35 to 42 d) diets formulated according
to Rostagno et al. [28] (Table 2) with or without additives. All chickens were weighed on
days 1 and 42 to caleulate body weight gain (BWG). Pen feed intake (FI) from days 1 to
42 was recorded to caleulate the feed conwersion ratio (FCE, d 42 Pen BW / accumulated
(d1—42) Pen FI) at the end of the trial Mortality was recorded daily.
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Table 2. Ingredient and mtrient composition of the ex perimental diets fed o broilers in Experiment 1.

Tiem Pre-Starier Starier Grtrwer Finisher
1o 7d 7 b0 21 d) 2140 35d)  (35to42d)
Ingredients, %
Com 4841 5063 705 6343
Serybean meal 4403 4171 3531 2096
Soybean oil 374 435 470 4zz
Dlicalcium phosphae 113 B3 06 0z
Limestone 138 123 114 nar
Salt 0.5 .52 050 &
DIL-Met, 99% 0.35 033 028 nzd
L-Lys HCL, 78% 0.13 013 015 0l
L-The, 98.5% 0.05 05 0.0d 0oz
Choline chloride, 80% 0.03 .04 0os Lo
Vitamin and mineral premis ! 0 019 016 016
Nuh-nntnndemg;,r composition, % or ag shown
ME, Mcal/kg 305 ails 320
Crude protein 2116 nBnxr 2086 1592
Ca 1o 0.EE 07 LT
A P 0.48 042 037 030
MNa 0.23 ilrd 0zl 0z
Cl 042 041 0.40 040
Cheline, mg/kg 1600 600 1500 1500
Lys dig * 13 126 L1z L
Met + Cys dig. (.66 0éd 0.56 0s0
Thr dig. 0.98 094 084 076
Tep di (.85 083 07 ner
b 0.28 [iT.f nzd 021
Val dig. 153 147 124 115
e dig. 1o o7 & 07e
Leua dlig 0.95 0.91 080 07z

T Cmqmdﬁmtpﬂrhlngamoﬂ:nd:vihmdnﬁ,ﬁiﬂﬂl;vihm&nﬂ,m Lr[.n'ilami.nE,StIUI;\-:'rhmdnK,,ZmF
‘thizmane, 2 rMnmﬁmF i mqummzmmmmmmgm
ﬂmhkﬁlmmmﬂmmﬂmgm lﬂugl.ndln,ﬂ.?mg
ﬂh‘umﬂjm;.&um]wmﬂm[m}wﬂﬂ&mm#gmwmﬁfiﬂzﬁu rmnark). * Ratios

&Mbhmu&lhﬂpﬁh@!mnmmﬂmm Thr (LGS; ﬂ.?.?'.l}pl:l.l'.? Arg'l.ll..lh

i [26]

232 Experimental Design

Broiler chickens were distributed into 5 experimental groups with 6 meplicates of
25 birds in a completely randomized design as shown below. Group 1 (basal diet, negative
comitrol) reeived commercial dietswith no additives and no challenge. Group 2 (0.2 kg /ton}
received the basal diet with the addition of 0.2 kg of DFM per metric ton of feed, Group 3
(0.2 kg,/tom) received the basal diet with the addition of 0.3 kg of DFM per metric ton of
fead, Group 4 (0.4 kg, ton) received the basal diet with the addition of 0.4 kg of DFM per
metric ton of feed, and Group 5 (AGFE, positive control) received the basal diet with the
addition of 0.025 kg of favomycin per metric ton of feed. Groups that received the DFM or
AGP received it im all feed phases. All chickens were weighed on days 1 and 42 to calculate
BWG. To caleulate the FCR at the end of the trial, the Pen BW (d 42}/ accumulated Pen FI
(d1-d42) was utilized. Mortality was recorded daily:

2.34. Challenge Model to Induce Drysbiosis

All broilers wene challenged on day 14 via individual oral gavage with 10x the
regular dose of a commercially approved coccidian vaccine I:BiD-C'Dcr:ithi' live wvaccine,
containing Efmeria acerouling, E. brunefti, E. maxima, E. necafrix, E. praecor, E. fendla, and
E. mitis; Biovet Vaxxinova, Vargem Grande Paulista, Brazil). At 19 days, all birds wene
individually orally gavaged with 1 mL/ bird of Costridium perfringems toxin Type A at an
analyzed comcentration of 3.1 x 10¥ CFU/ mL (UFPR, Curitiba, Brazil). This intestinal
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challenge model has been described to induce intestinal dysbiosis [29,20]. To obtain the
Clostridium perfringens inoculum, 50 pL of the isolate from the bacterial stock was staticallby
cultured in 3 mL of tryptic soy broth (TSB) (BD, Heidelberg, Germany) in a BD GasPak jar
equipped with GasPak H2 + CO; generator envelopes and catalyst at 37 *C for 24 h. Then,
the isolate was stmeaked across ten tryplic soy agar (TS5A) plates (BD, Heidelberg, Germary )
and cultured in a GasPak Jar as described above for 24 h in an incubator at 37 “C. The
bacterial lawns were sterilely collected with cell scrapers and added to 25 ml of ice-cold
setile PBES. The inoculum was vortexed and centrifuged at 5400 g for 20 min at 4 *C. The
cells were washed onee and dilated into 300 mL of PBS and kept on ice untl use. The
CFU of the inoculum was determined by serial dilutions on TSA plates and cultured as
described above.

235 Sampling, DNA Extraction, Sequencing, and Bicinformatic Analysis

Fecal samyples from the three different treatments (negative control, NC; (L2 kg of
DFM/ ton of feed and 0.4 kg of DFM,/ ton of feed) at two different sampling points (5 ard
25 days of life) were taken, and in total, 36 samples weme analyzed. Each sample contained
approximately 50 g of pooled, fresh feces from each replicate for each treatment The 45
and 425 time points weme chosen to evaluate potential changes in the fecal microbiome at
an early and mid-life stage of the broilers at the mininmm and maximum concentration of
the DFM used in the e periment.

PFecal samples wene processed (Imunova, Curitiba, Brazil) with the ZE Fecal DNA
Miniprep kit (£ymo Research, Tustin, CA, USA) following the manufacturer’s instructions.
The ex tracted DNA was quantified by spectrophotometry at 260 nm with a NanoDrop®
2000 (ThermoSdentific, Wilmington, DE, USA) spectrophotometer. To verify the integrity
of the DMNA, all the samples were evaluated with an agarose gel electrophoresis, stained
with ethidium bromide (1% w/ 7, Glentham Life Sciences, Corsham, UK), and visualized
with L'V light

A 250 base pair segment of the hypervariable V4 region of the ribosomal 165 rRNA
gene was amplified using universal primers 515F and S06E with the following PCE con-
ditions: 94 °C for 3 min; 18 cyeles of 94 °C for 45 5, 50 “C for 30 5, and 68 “C for &0 5;
followed by 72 *C for 10 min. From these, a metagenomic library was constructed using
the commercial Mextera DMNA Library Preparation Kit (Illumina, Hayward, CA, USA). The
amplicons weme pooled and sequenced using the Dlumina MiSeq sequencing system [31].
To facilitate data visualization, the second sampling tme (d25) was tagged as “b".

Sequencing data files were transierred, and analysis was conducted by the Univer-
sity of Minnesota Genomidcs Center. Sequence files were de-multiplexed with BEMap
(https:/ / sourceforge.ret, projects/ bbmap / ; demuxbyname sh, accessed o 8 Seplember
2021) and further processed in DADA2 (https:/ / benjjneb. github.io/ dada2/ tutorial himl,
accessed: § September 2021). The filter and trim parameters were as follows: maxMN = 0,
maxEE = 2, trunc() = 2, rm phix = TRUE The DADAZ algorithmn was run with pseudo-
pooling and chimeras were emoved with the consensus method in ‘Temove BimeraDenov o’
before assigning taxonony using DADA2 “assignTaxonomy” and ‘addSpecies’ using the
maintained databases of ‘rdp_train_set_18.fa.gz’ and ‘rdp_spedes_assignment_18.fa.gz’,

Fmﬂ'lzrdata analysis was performed in B The beta diversity analysis used a cus-
tomized CLR transform (https: / / github.com,/ tevorjgould / dada?_pipeline git, accessed
on: 8 Sepember 221) followed by PCA. The alpha diversity Simpson and Shannon indexes
used the ‘vegan Pad:agf’ (https:/ / cran r-project.org / web, packages,/ vegan fvegan pdf, ac-
cesged one 8 September 2021). The Chaol inde: used the ‘OTUtable” package. All plots used
EEplot2, reshape? (hitps:/ / github.com/ hadley reshape, accessed ore B September 2021},
and dlpyr (https: / /dplyr Gidyverse org, accessed onc 8 September 2021) for processing,

For statistical analysis, samples wene CLE transformed, and Analysis of Similarity
(AMNOSIM) was performed on Aitchinson distance. Indicator species analysis was per-
formed using the multipatt function in the ‘indicspecies” R library with 9999 permutations

50



Amimals HOF2 12, 1436

Tof 18

while controlling for multiple test corrections using Benjamini-Hochberg correction. The
‘adonis” function was performed on CLE transforneed data with Euclidean distance. Betadis-
per function was ested and pairwise adonis function was performed on the three reatment
groups for d5 and d25, separately, with multiple test correction using Benjamini-Hochberg
formula. Data visualization utilized R and GraphPad Prism 9.

2.4 Experiment 2
2.4.1. Housing Conditions

This experiment was conducted at the experimental farm of Bioinnovo in Buenos Aires,
Arpentina. The brodler barn is an open-sided 800 square meter faclity with a concrete floor
housing 48 pens divided into 3 lines of 16 pens each. Eadlpenisl.'jmzam:leqﬁppedwim
individual feeders, individual in-line medicators, and fresh water. The heat is provided
wia air heaters, and the facility has six fans for heat relief.  Each pen contained wood
shavings 15 cm high, composed of 50% new wood shavings and 500 reused from previows
experiments The density, lighting program, and temperature were maintained within
optimal parameters as outlined (www.cobb-wantess.com, accessed on 1% August 2019).
Animal care was provided by an on-staff velerinarian

242 Animal Source and Diets

Four hundred one-day-old male broiler chickens (Cobb 500) were obtained from a
commereial hatchery and were vaccinated for NMewcastle Dispase and Marek's Disease
at the hatchery. All birds received feed and water ad libitum. The study included two
commeercial diets in the form of micropellets, pre-starter from days 1 to 14, and finisher fron
day 15 to 42, the end of the trial (Table 2). Husbandry conditions such as environmental
temperature and the light program were adjusted to the ecommendad guidelines of the
genetic line. All animal handling proedures followed the guidelines of the Institutional
Committes of use and care of experimental animals of the National Institue of Agronomic
Technologies (INTA), protocol number 6,/ 2021

Table 3. Ingredient composition and nutrient content of the commercial feed diets used in Experiment
2 om as-i8 basia.

Ttem: Fre-Starter (1 to 14 d) Finisher (15 to 42 d)
Ingredients (%)
Corn 5475 5790
Senrbean four 6% s Q.00
Deactivated soybean 00 1600
Sewbean expeller 00 1814
Wheat LEE 47d
Garit 13% 106
Salt 42 040
Mycobesin binder 030 0.3
Dicabcium phosphate 116 s
Lysine 25 018
Methionine powder 037 s
Thipeondne (08 (.03
Choline chloride @10 .08
Trace mineral premis ! 10 010
Vitamin premix 2 15 10
MNutrient and energy composition, % or as shown

ME, Meal/kg 295 10

Crude profein i § 18
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Table 3. Coni.
Ttem: Pre-Starter (1 to 14 d) Finisher (15 by 42 d)
Ca Loz i +]
A P 45 4z
Lys dig. 1z 1o
b&tdig. 048 040
1 Eﬁu’;ljpﬂmmnw]f;ﬂn:uﬂlhwrg Mﬂgﬁnﬁmiﬂwmﬂﬁlﬁgmlﬂ;wﬂ-ﬂg
i, seledum, cobalt, A supplied the following per kil ogras: vitamin
A, My IL); vitanin B\,I'.'I:I:I,L'li:lfrl'l'.l'vﬁmmE lUmman,.?gﬁnmlP:,rSH:rﬂmﬂmmﬂ-F

inthemdc acid, 18 g ndacin, 60 P}mdml'l.q.! folic acid, 2 g; biotin, 02 g cyanocobalawin, 16 and
l::;-bi:.-:id.m;.ﬂ: 3 3 & E g

2.43. Experimental Design

In this experiment each treatment group contained 100 birds per group, divided into
5 mpetitions with 20 birds/repetiion. Group 1 (basal diet) received commercial diets
with no additives and no challenge. Group 2 (BMD—) received commercial diets with
the addition of 0.5 kg,/metric ton of bacitracin methylene disalicylate (BMD) 11% in all
the feed phases and no challenge Group 3 (BMD+) received commercial diets with the
addition of 0.5 kg, metric ton of BMD 11% in all the feed phases and was challenged with
the litter filtrate. Group 4 (DFM+) reeived commercial diets with the additon of the DFM
and Zymospore® at an indusion rate of 0.3 kg/ metric ton in all the feed phases and was
challenged with the litter filtrate. All chickens were weighed on days 1 and 42 to calculate
BWG. To calculate the FCR at the end of the trial, the Pen BW (d 42)/ accumulated Pen FI
(d1-d42) was utilized. Mortality was recorded daily.

244 Litter Filtrate to Recapitulate Commercial Farm Conditions

Ondays 7, 21, and 22 of like, chickens in specified groups received in the drinking
water a liter filtrate as described by Sakomura and Rostagno [32]. Ten kilograms of eused
litter {2 cycles minimum) from a commercial farm with a high historical prevalence of
necrotic enteritis (75,000 oocysts per gram of litter) was mixed into fifty liters of distilled
water at 22 *C for twenty-four hours. The solution was filiered through a stainless-steel
metallic mesh with holes of L5 mm in diameter. The filtered solution was left untouched
for one hour. Ome liter of this solution was then diluted with four liters of distilled water
and administrated in the drinking water to each pen during a five-hour period on days 7,
21, and 22 of age. This procedure was epeated for each day of filtrate administration. The
final dilution's average microbial count revealed that a liter of filtrale contained 3 x 10¢
CFLU of total aerobic bacteria; 2 x 107 CFU of total anaercbic bacteria; and 7 x 10f CFU of
total coliforms.
21.5. Statistical Analysis

All performance data weme subjecied to analysis of variance (ANOWVA ) as a compleiely
randomized design using the general linear model (GLM) procedure of SAS [33]. For
evaluation of growth performance parameters (body weight (BW), BWG, FL and FCR),
each of the replicate pens were considered as the experimental unit in each experiment,
respectively. Treatment means weme partitioned using Tukey's multiple range test with
an alpha threshold set at <0.05, indicating statistical significance. Experiment 1: broiler
chickens were distributed into 5 experimental groups with & replicates of 25 birds in a
completely randomized design. Experiment 2: broiler chickens were distributed into 4
experimental groups with 5 replicates of 20 birds in a completely randomized design.
3. Results
3.1. Bacillus Spedies Charackerization and Stain Selection

A selection of B. subfilis isolates wem evaluated for their ability to inhibit the growth
of pathogenic Salmonala and Esdierichia colf isolates on TSA and SPA plates as an indimect
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measune of their potential probiotic effect on broiler chickens and other animals (Supple-
mentary Figure 51 and Table 51). Ultimately, three growth compatible strains, B5-009,
B5-020, and B5-024 (data not shown) were selected for incusion into the direct-fed mi-
crobial (DFM). Their colony morphology on solid agar media (Table 1) and vegetative
cellular and spore characteristics and weme observed microscopically (data not shown). All
three strains presented as Gram-positive bacilli consistent with B. subfilis, which formed
endospomes as determined by malachite green staining (data not shown). Biochemical
and fermentative characteristics of each strain weme consistent with B. sulfifis (data not
shiown). Colomy morphology was similar among the three isolates, each exhibiting rough
yellow-whitke colonies with irregular and lobate edges (Table 1). All three strains secreted
warious amounts of cellulase, amylase, lipase(s), and proteases (Table 4). The spores of
the three strains exhibited resistance to temperature (Table 5), salinity (Table 6), and acid
(Table 7). The spores of the three strains were highly mesistant to all three stressors afer two
and four hours with each strain maintaining a vegetative CFU count consistent with. the
original spore inoculation of 107 spores; ml

Table 4. Felative encyme activity (REA) of the three B subtills strains in Zymespoe® (mean + 500

Strain Cellulase Amylase Lipases Protease s
BS-009 355+ 034 1495 + 0L08 316+ 010 233 & 0
B5-(20 20z + 008 171 +£0.13 312 + 040 196 + 011
B5-(24 230 + 019 138 + L5 232 +0.19 251+ 016

Table 5. Temperatune msistance of spowes of the thoee E.miliﬁs.dniminiymm‘. Data represent
the mean = 5D of vegetive a2l counts (logye CFU/ mL) poat-teatment.

15°C IFC 45°C
h ih Th 4h Zh ih

B5-00% F3+024 7I13+032 7d22010 742030 FRO+017F  A77 L OB
B5-020 A7 £ 06 7035 6017 AN 03 FINLR0 7S5 E08]
B5-024 FTMHE0M 764015 A9 2000 A95:00@ 710017 A93 4013

Strain

Table 6. Salinity mesistance of spomes of the theee B, subtilis strains inZ},-mume"‘. Diata represent the
meéan + 50 of vegetive cell coumts (logno CFUYS ml) post-reatment.

Strai NaCl3.5% MNa(l 65%

Zh 4h Zh 4h
BS-009 714015 7.33 £0.35 6.92 £ 008 677 007
BS-20 7R+ 004 715 £ 0.32 7364010 7.03 £ 005
B5-i2d Flz+07 715 £0.15 B0 £ 034 6732015

Table 7. Acid resistance of spones of the three B. subtilis strains in Zy mospone™. Data represent the
mean + 50 of vegetive cell counts (logno CFUY ml) post-treatment.

Hz 3
Strai P rH

2h dh 2h dh
BS-009 £.93 + Q.08 7.33 £ (0L61 732+ 028 a8 =011
BS-20 716 + 028 714 £ 0.2 7A + 002 6622054

B5-(24 695 + 00w 667 & 0.58 608 + 003 695 &+ 005
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3.2 Experiment 1
3.21. Necrotic Enteritis Challenge and Performance Data

In addition to the food safety pathogens Selmonela and E. col, broilers commonly
face diseases such as coccidiosis and necrotic enteritis (NE) that cause intestinal dysbiosis,
leading to reduced growth performance and increased production costs for farmers [34].
To evaluate potential disease mitigating effects of this newly developed DFM on broilers
in the face of a performance reducng disease, a controlled NE challenge model was used
in a pilot study to induce intestinal dysbiosis. While severe outbreaks of NE may causs
up to 50% mortality in a fock, sub-clinical NE leads to diarrhea, dehydration, decreased
feed consumption, and owerall poorer performance of the broilers [15]. Further, the fecal
microbiome of the broilers from a subset of the teatmentswas analyzed to evaluate changes
in the bacterial commumiky.

Table & shows the results of this pilot study, Experiment 1. There is a lack of statistical
significance among any of the groups across the different parameters. Of note, throughout
the study, particularly after the NE challenge was applied, the DFM and AGF groups had
numeTically better parameters than the basal diet. Particularly after day 21 of life, the NC +
0.3 kg DFM /metric ton of feed group had similar or better numerical total BW and BWG
parameters compared to the AGP group, with both groups numerically better than the
basal diet group. Further, the accumulated FCR and FI of the NC + 0.3 kg DFM/ metric
ton of feed group were numeTically as good or better than the AGF group. Interestingly,
the NC + 0.2 kg DFM/metric ton of feed and NC + 0.4 kg DFM/ metric ton of feed groups
numeTtically i parameters over the basal diet, but the data suggest theme is an
upﬁmalduﬁageufﬂ.ﬂkglymﬂspme&fmicmufﬁed In this ecperiment, no significant
differences weme observed in mortality.

Table B. Braluation of different concentrations of the DFM (002 kg/'t, 0.3 kg/t, or (.3 kg /t) on body
weight, body weight gain, feed intake, accummllated feed conversion ratio (FCE), and tofal mortaliby
in broiler chickens given a defined challenge o induce dysbicsis at 42 days of age. Expedment 1.

Iem 1d 7d 14d nd = d Asd azd ADG!

Body weight (g)

Negative control 45 200 526 990 1747 2449 294 7735
DM, 0.2 kgt 45 199 531 1008 1767 2482 3340 TRAS
DIFM, 0.3 kgt 45 205 543 1026 1805 537 T} 79.93
DFM, 0.4 kgt 45 200 53 1014 172 97 3353 TRIT

Pesitive control 45 196 537 1006 1753 iz sazé 7RIS

SEM 2 0.49 572 1870 26.33 3602 7a.29 7710 1834
pvalue DAdlE  01B43 0604 0FR0 006 Q30 02116 QI
Body weight gain (g/d/E) 174 71d  1421d  7lasd  2a5d  s-ded

Negative control 155 32 554 667 e 845
DEM, 0.2 kg/t 154 3 564 668 s as4
DIFM, 0.3 kgt 160 338 573 689 73 865
DFM, 0.4 kgt 155 335 564 668 75 855

Pesitive control 151 341 550 656 7o 865

SEM 5.66 150 1633 3350 7668 57.46
pvalue D159%6 04435 0T 0549 09 QW

Feed intake (/1) 1-7d 7d  1421d  7l-38d  masd s-ded

Negative control 182 425 738 gy 1186 1298
DEM, 0.2 kg/t 76 4 753 965 1165 1307
DIFM, 0.3 kgt 182 dz: 757 uES 1193 1300
DIFM, 0.4 kg/t 180 430 75 960 1186 1301
Pesitive control 173 433 73 963 1184 1312

SEM 714 1595 2512 7431 14210 E772
pvalue 01240 0B2%  04RL QOSTE 09979 Q09E
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Table B. Cont.
Iem 1d 7d 14d nd = d Asd azd ADG!
FCR® 1-7d 14d 14214 21-28d -asd 35-drd
MNegative control 1111 1310 1333 1453 1696 1542
DFM, 0.2 kgt 1142 1282 1325 1443 L1637 1530
DFM, 0.3 kgt 1143 1279 1311 1400 1631 1502
DFM, 04 kgt 1156 1283 1335 1437 1640 1519
Positive comtrol 1142 1.7 1320 1464 Lé&d 1516
SEM 00235 00549 00z 00694 01368 Qogze
pvalue 01742 04011 07216 03314 09188 9580
Mortality (%) 1-7d 14d 14214 21-28d -asd 35-drd Total mortality
MNegative control a7 67 000 076 07z [LE7 351
DFM, 0.2 kgt 000 217 0&7 L] 076 [LET 129
DFM, 0.3 kgt 0E7 217 &7 215 (il i) [LET 651
DFM, 04 kgt 000 &7 000 07z 076 .00 118
Positive comtrol 0a7 217 000 [T 07e i ki)
SEM 126 3.05 103 159 Léb 126 473
pvalue 07359 07826 05674 012 09063 07359 6174

EM—:&MWEPM th-ncumﬂ—hndnq:pmbdmﬂlﬂnmgmu
Hgl:m. ADG - sverage daily gain. * SEM—pooksd stardard error of the wean. ? FCR—ied conversicn rat,
1-4.2}.-'51'1’[:1!.1;.

322 Fecal Microbionse Analysis

The fecal microbiome of a limited set of teatment growps was analyzed o halp under-
stand potential intestinal microbiome changes that may be coourring due to administration
of the DFM. The groups analyzed were the basal diet (NC), NC + 0.2 kg,/metric ton, and
NC + (.4 kg/metric ton groups. Fresh feces from each meplicate within each treatment
group was collected and pooled on days 5 and 25 of life. The samples weme analyzed by 165
rDNA sequencing to evaluate bacterial changes that may be oceurring within the broiler
gastrointestinal tract:

The fecal bacterial community of all eatrment groups was dominated by a few genera
on d 5 (prior to challenge) of life with diversity increasing by varying degrees at d 25 (post-
challenge) of life (Figure 1A-C). The level of alpha diversity as visualized by the Chaol,
Sharnon, and Simpson indices (Figure 1A~C), while statistically different, was relatively
similar at d 5 in all treatment groups and was dominated by three genera, Enferacocais,
Lactobacillus, and Ligilnctobacilhs. By d 25, the richness of taxa within each treatment group
increased, as shown by the alpha diversity indices (Figure 1A-C). It is notable across all
the indices at d 25, that the NC + 0.4 kg/ metric ton DFM group results are roughly bwice
that of the NC and NC + 0.2 kg/metric ton groups, indicating greater species richness,
but many of these genera are in low abundance (Figures 1A-C and 2A B). Beta diversity
analysis, displayed as a principal component analysis (PCA ), indicates the d 5 samples
cluster toge ther, but the dominance of Erferococons in NC + 0.2 kg/ metric ton is highlighted
by a small divergence from MC and NC + 0.4 kg/metric ton groups (Figure 10). In the PCA,
the MNC + (L4 kg/metric tom is significantly dissimilar to the NC and NC + 0.2 kg/ metric
ton groups, which group topether, indicative of greater taxonomic diversity (Figure 10k
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Figure 1. Alpha and beta diversity analysis. Levels of alpha diversity cabculated as (A) Chaol,
(B} Shannom, and (C) Simpson indices are depiced as boxplots by teatment growp; d 5 and d 25
e fer to day of life. (D) Bray-Curtis beta diversity shown as a principal component anahyais (PCA)
= p< 01, *** p < 0001, =+ p < (LOOOTL

Taken together, the alpha and beta diversity indices indicate the DFM minimally
impacted the diversity of the fecal microbiome early in life and prior to the necrotic enetitis
challenge. The NC + (L4 kg/ metric ton group has greater species richness and diversity as
compared bo NC and NC + 0.2 kg/metric ton groups, with the eatment group explaining
57 78% of the variance between groups. The microbiota of NC and NC + 0.2 kg /metric ton
groups were dominated by the Order Lactobacillale (Figure 2A,B), with Lad obacilius and
Enterococcis contributing »80% of the total amyplicon sequence variants (ASV) detected. To
a lesser extent, the NC + 0.4 kg/metric ton also had a high proportion of Lactobacillale at
d 5, but the distribution indudes additional Lactobacillaceas, specifically Ligilactobacilhs
(Figure ZB), and to a lesser extent, Enferococcns compared to MC and NC + 0.2 kg metric
ton groups (Figure 2E). Atd 25, the diversity of the NC + (L4 kg/ metric ton microbiota is
underscored by the increased proportions of additional taxa as compamed to NC and NC +
0.2 kg /metric ton groups {Figures 2B and 52). This greater diversity comes as the expense
of Lacfobacilhis and Enteracocais genera, which make up a significantly smaller proportion of
the microbiota in the NC + 0.4 kg, metric ton group by d 25 (Figures 2B and 52) but includes
an increase in the proportion of other Families of the Order Lactobacillales (lactic acid
bacteria) and Clostridiales, such as Faecalibacterium (Figures 28 and 52).

The results of Experiment 2 compating an AGP (11% BMD) to the DFM on BW, FL, FCE,
and total mortality in broiler chickens given a non-defined litter filtrate are summarized in
Table 9. In this experiment, the use of (—) and (+) after the group acronym is to indicate if a
spedfic group did not or did receive the litter filtrate via drinking water, respectively. The
basal diet (MC—) group did not receive the litier filtrate or feed additive and established
the basal growth performance parameters of the trial The BMD-positive control group
not receiving the litter fAltrate (BMD—) showed a significant improvement (p < (L05) in BW
and FCE when compared to the NC— group, as expected Notably, the BMD+ and DFM+
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groups, which received the litter filtrate, were highly similar to each other across BW, FI,
and FCR parameters and wem statistically better than the NC — group even though BMD4+
and DFM+ meeeived the undefined litter challenge. No mortality differences were observed
among the groups.
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Figure 2 Bicdiversity and proportionality of bacteria among treatment growps at d 5 and d 25 of
life in broilers. Relative abundances of bacterial (A} Orders and (B} Genus among treatments within
sampling days When an ASV could not be resclved to s single tacon it was marked “Unknovwen” and
mesolved to the next highest tava kvel Unnesolved taxa weme grouped into “Unknown Bacterda”. For
genus-level data, enby genera with >1% abundanc: are shown,
Tabie 8. Braluation of Zymospom™ on body weight (BW), feed intake (FI, accumulated feed conver-
gion matio (FCE), and total mortality in broiler chickens given a non-defined challenge. Experiment 2.
EW g/broiler Fl gfbroiler FCR! Total Mortality
id 42} id 1-42) d 142} id 1-42)
Basal diet without filbrate (WC—) 2810 " 53z lag e 5/ 100 {5.00%)
BMID withint filtrate (BMD—) le1e 5319 176" 3/ 100 (3.00%)
BMD with fltrate (BMD+) ki Sdiiz 1ezb 3100 (1.00%)
DFM with filtrate (DFM+) log e 5456 Lezk 3100 (3.00%)
SEM? 110 ara 004
pvalue 01 06784 QL0007

MWC—: Conumerdial faed formaka with no additves and not challenged. BMD— Coraveercial feed formmls wish the
addition of BMD and no challenge BMD4: Commercial feed formula with the addition of BMD and

BMD 11% was included at a rate of (L5 kg metric tan in all the feed phases. DFM+: Commerdal feed formula
with the addition the DFM and chalknged. Fy DFM was incloded at a rate of (03 kg metric ton in
aﬂﬁ&ﬁaﬁdphﬂumﬂdﬂlhupd_'ltjﬂp.—ﬂ(dL /BW (d 47). * SEM—pooled standard errar of the mean.
*h\’ahn:wiﬂ'ldnmﬂmwiﬁnﬁthmmpwsn'ipuuilﬁrﬁyﬁ&xd@{pcﬂﬁkn-swmpumm
mﬂn—ﬁ:h‘mihu,l’npliu&
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3.3. Experiment 2

It is a common practice to reuse litter on commercial farms, whereby fresh litter is
laid over the top of used litter. This practice, while cost saving, perpetuates the cyding
of potential pathogenic microorganisms through the new broiler flocks, thus the grow th
performance of new chicks may be impacted by sub-cinical diseases. To recapitulate this
diverse and sub-clinical challenge of a cornmercial farm setting, an undefined litter fltrate
was given via the drinking water in Experiment 2 (see Methods) to establish the oy ding
of micToorganisms in the chicks” excreta and litter. Based on results from Experiment 1, a
single concentration of the DFM at 0.3 kg/ t of feed was used.

4. Discussion

The Badllus genus is a phenotypically and genetically diverse end ospore forming taxa
found within many ecosystems. Spedes of Bacillus produce a plethora of exo-proteins
and -enzymes as well as bacterial antagonistic factors, including antibiotics [36,37]. The
resistance of spores to environmental factors, cleaning agents, and stetilization methods
as well as their diverse physiological properties make Bacllus of great interest ko the food,
animal, and biotechnology sectors. Specifically, the use of some spore-forming bacteria
from the genus Badllus have earmed interest as direct-fed microbials in recent years as
potential alematives to AGPs. Inclusion of Baclhis-DFMs in broiler diets has been shown
to hawve positive effects on the overall performance of boilers, the broiler immune system,
and their resistance to disease [23,25,34 38-41]. The resilient capacity of spomes to resist
harsh erwironmental conditions, as well as their long shelf-life, make them feed-stable and
suitable for commercialization in human and animal health and nutrition [42,43].

Mevertheless, it is essential to understand that not all Bacdlus species can be used
as DFMs. Each isolate has unique genetic and phenotypic characteristics, which in turm
influence changes in the intestinal tract and the isolates” heat resistance capacity, Tate
of growth, sporulation rate, and persistence in the GIT [18,44]. Hemin, we describad
the characterization and development of a novel Bacllus-based DFM that increased the
diversity of the broiler fecal microbiota and performed as well or better than commonly
used AGPs under defined and non-defined intestinal dysbiosis conditions.

A commaon feature of Bacillis species is their ability to inhibit the growth of other bac-
teria to varying degrees. Of intetest to the pouliry indusiry is the inhibition of colonization
or growth of food-bome pathogens such as Escherichin coli and Salmonella species, among
others, in or on the brodler The novel sirains isolated in this study, to varying degrees, dis-
played the ability to inhibit the grow th of these pathopens invimo (Figure 51 and Table 51),
consistent with other Bacillis species isolated and characterized previously [45,45]. This
antagonistic effect on the growth of other bacteria is associated with the production of a
variety of natural antibiotics [36,47].

Bacillus subtilis produces a wide array of secreted eneymes known to promote and
optimize the digestibility of non-starch polysaccharide (NSF)-rich diets such as xylanases,
cellulases, and f-glucanases [23,24,48). The inclusion of specific BacllnsDFM candidates
that produce exopenons eneymes, such as cellulases, arylases, and xylanase, in high NSP
diets significantly reduced both viscosity and C perfringes proliferation in an in vitro di-
gestive model study simulating different comnpartments of the GIT [49]. The selected strains
for this novel DFM produce extracellular enzymes, proteases, and lipases (Table £) and
wete highly mesistant to simulaed GIT conditions (Tables 5—7) which may aid in transiting
the GIT and, upon sporulation, facilitate the degradation of low -quality proteins and fats
present in the diet that are used by the host for growth and prevention of detrimental
enteric microflora changes. It was observed that the strains evaluated in this work had
varying levels of enzyme production. Direct empirical comparisons are difficult because of
the relative assay measumements, but recent work analyzing the relative eneyme activity of
B. mubflis isolated from the broiler chick GIT identified a wide range of enzyme production
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capabilities in the isolates [45]. This is not unsurprising, as the regulation and secretion of
exoproteins in Bacilli is mult-factorial and comples.

The use of Baallus species probiotics and DFMs as alternatives to AGFs to enhance
growith performance meitrics is well established. We tested this new Baallus DFM formu-
lation for broiler growth enhanement in two separate studies using different methods
(1, mecrotic enteritis model; 2, reused litter and oral challenge model) to disnupt intestinal
homeostasis and stunt the growth of the chicks.

In Experiment 1, a previously defined NE challenge model [29,30] was utilized to
examing the invivo efiects of this new DFM on performance parameters. Chickens sup-
plemented with the Baclhis-DFM had similar growth performance parameters as those
chickens supplemented with the AGP (flavomycin), which were greater than the basal
control diets (Table 5). The lack of statistically significant differences in this trial is directly
related to the limited replication and number of birds used in the trial. On an individoeal
bird level, marginal gains in performance may seem nominal but accumulated across a
large number of birds, and the impact can produce significant cost savings and economic
retums b producers in the form of greater raw meat production and reduced feed costs.
Based on these data of Experiment 1, the optimal dose of this new DFM formulation was
determined to be (L3 kg of DFM per metric ton (0.3 kg/ton).

In Experiment 1, a resource-limited number of samples wemne analyzed to survey
potential impacts of the DFM on the fecal microbiome consortium of the chickens at the
mininmum and maximum doses of the trial. Inclusion of the DFM into brodler diets altered
the fecal microbiome of broilers as early as five days of age. At an inclusion rate of
0.4 kg /ton, the DFM suppressed the early dominance of Lacfobacilus and Enterococous and
promoted greater diversity in spedies abundance by day 25. Within the greater context of
the effect of Baallus DFMs on the fecal microbiome and the relationship to body weight
gain and feed conversion efficency, a consistent profile of bemeficial changes within taxa
is lacking [10,11,50-52]. The lack of in these studies is likely a result of the
varying methods of husbandry, feed, source and breed of chicks, tissue type and tme of
samyple collection, and overall sequencng and analytical methods. The microbiome of the
GIT is temporally dynamic and influenced by intra- and extra-host factors. The primary role
of AGPs, and subsequently DFMS, is likely not to induce a defined benefical microbiome
per s& but rather to perpetuate the establishment and maintenance of a beneficial microbial
genetic and metabolic profile in the host GIT. As metabolic genes ame conserved across
geneta, the inmate metabolic properties of the microbiome appear to be mone important for
host performance than the specific genera [4] that are present The new DFM described
here increased bacterial diversity, which in turn may establish a larger and more favorable
bacterial metabolic profile, which helps the broiler efficiently utilize feed and overcome

In Experirnent 2, litter from a commercial farm was used and the broilers wee orally
given a non-defined challenge to indwe intestinal dysbiosis with the goal of replicating
potential stressors of a large-scale commercial farm operation. The results support the
inclusion of this new DFM in feed at a rate of 0.3 kg/ton as an altermative to an AGP
(BMD 11%) to enhance the grow th performance of broilers and blunt the negative effects of
ore-farm microbial stressors.

The heterogeneity in the Badllus geneta, varying spore concenirations, and formmula-
tions of DFMs used makes individual comparisons between strains and studies diffieult
Luise et al. recently analyzed the results from 131 studies utilizing Bagllus spp. DFMs and
found “The benefits of Badllus strains on these [grow th| parameters [of broilers| showed
results comrparable to the benefit obtained by the use of antibiotics [5]7. These benefits ane
received through four primary means: (1) direct effect on pathogenic bacteria, (2) favoring
the colomization of the gut by beneficial bacteria, (3) host imraunostimulatory effects, and (4)
contributions to feed efficency [53-55] Bagllus-based DFMs are a safe and commensurate
alermative to AGPs in broilers.
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5. Conclusions

In summary, using both a defined (Exp 1, Table B) and undefined dysbiosis-inducing
challenge model (Exp 2, Table 9), chickens fed this new DFM had an observable growth
advantage over basal-fed-diets, and the productive growth parameters of the DFM-fed
chickens were at least equal to or numertically better than the AGP-fed groups with no
observed negative sideeffects, indicating ?_ymnspmeﬁ'isasajeam:le&diweﬁGP substitute
for the poultry industry.

hwleucﬁnh:}r“:hﬁﬂ.t The :&lllﬂw:l.nﬁmppm'tmﬁ information can be downloaded at hitps:
S wwwemdpiocomy/ article/ 1003390, ani12111436/ 51, Table 51 Growth inhibition of Salmonsls and
Escherichia coli isolates by Bacilhes subtilis on 5PA agar plates; Figure 51 Growth inhibition of the
select pathiogen isolates by Bacillus subtilis isolabe BS-009 on Spizizen potato agar (SPA) plate. SE,
Salmone lla Enteritidis; 5T, Salmonella Typhimurium; BC-C, avian pathogenic Escherichia coli (AFEC);
EC-P, Eacherichia coli isolaied from a pig; BC-E, enteropathogenic Escherichia coli (EPEC); Figum 52
Ohder level proportions acress individual samples for each treatment growp and day of sampling.
The height of each color-coded portion of the bar plot represents the perceniage of that Order mlative
to the total number of 165 sequences classified o a taxenomic Cheder level identified in that sample.
Individual replicates (En) foreach mspective teatment group and sampling timepoint ame shown
Oy Orders with =1% proportionality ane shown
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63
6 CONSIDERACOES FINAIS

A utilizacdo de probiotico em dietas para matrizes de poedeiras se mostrou eficiente para
melhorar a producdo de ovos, conversdo alimentar e qualidade de ovos. J& o uso combinado do
probidtico com propionato de cromo, possibilitou otimizar esses resultados produtivos e de utilizagdo
dos nutrientes.

A utilizacdo de aditivos probidticos comerciais na racao representa uma importante alternativa ao
uso dos antibidticos promotores de crescimento, uma vez que foi constatado efeito positivo na
manutencdo da microbiota benéfica do trato digestorio e no desempenho produtivo de frangos de corte,

sob condicdes de desafio, semelhantes as encontradas a campo.
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