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RESUMO

Com o objetivo de avaliar as propriedades prebidticas dos
mananoligossacarideos e probidticas do Bacillus subtilis em leitbes
experimentalmente infectados com E. coli K88+, um estudo foi conduzido no
Centro Experimental de Suinos da UFLA em Lavras, MG. Foram utilizados 75
leitbes (fémeas e machos castrados), desmamados aos 28 dias de idade, com
peso médio inicial de 8,44 kg + 2,19 kg. Parametros de desempenho, populagdo
microbiana, morfometria intestinal, fungdo imunoldgica, incidéncia de diarreia,
pH e concentragdo de acidos graxos volateis (AGV) no ceco e colon foram
analisados. O periodo experimental foi de 35 dias, com delineamento em blocos
casualizados, composto pelos tratamentos: NCO - halquinol sem desafio
imunolégico (controle negativo); PCO — halquinol com desafio imunolégico
(controle positivo); MO — prebidtico com desafio imunolégico; BS — probidtico
com desafio imunoldgico;, MOBS - prebidtico + probidtico com desafio
imunoldgico, totalizando 5 tratamentos e 5 repetigdes. Os animais foram
padronizados em funcdo do peso ao desmame e alojados em grupos de trés
leitBes por baia compondo a parcela experimental. As variaveis de desempenho
ndo foram afetadas pelas dietas (P>0,5). Entretanto, o uso dos aditivos
proporcionou maior comprimento de intestino delgado (P<0,05), apesar dos
animais alimentados somente com 0 prebidtico apresentarem menor peso
relativo de intestino delgado (P<0,05). A populagdo de E. coli total no ileo de
animais ndo desafiados foi menor (P<0,05), quando comparado aos demais
tratamentos. Valores de pH cecal e do cdlon ndo sofreram influéncia das dietas
(P>0,05). Contudo, as concentracfes de &cido propiénico foram menores
(P<0,05) no ceco de animais recebendo suplementagdo probidtica ou prebidtica.
As avaliagdes histologicas demonstraram que os animais alimentados somente
com probidtico apresentaram menor altura de vilosidades intestinais no ileo
(P<0,05). A relacdo vilosidade:cripta foi maior no ileo do grupo controle
positivo. Os niveis totais de IgA, IgG e IgM foram semelhantes (P>0,05) em
todos os tratamentos. N&o houve casos de diarreia durante o periodo
experimental. De maneira geral, os aditivos testados alteram a morfologia
intestinal e a producdo de AGV, e se mostram tdo eficazes quanto o uso de
antibiotico nas demais caracteristicas avaliadas.

Palavras-chave: Mucosa intestinal. Promotor de crescimento. Saude intestinal.
Suinos. Vilosidade.



ABSTRACT

With the objective of evaluating the properties of the prebiotic manno-
oligosaccharides and probiotic Bacillus subtilis in piglets experimentally
infected with E. coli (10" Colony Forming Units), a study was conducted at the
Experimental Center of Swine of the UFLA, in Lavras, MG. A total of 75 piglets
(females and castrated males), weaned at 28 days old, average initial weight of
8.44 kg = 2.19 kg, was used. Performance parameters, microbial population,
intestinal morphology, immune function, incidence of diarrhea, pH and short-
chain fatty acid (SCFA) concentration in the cecum and colon were studied. The
experimental period lasted 35 days, with randomized block design, consisting of
the following treatments: NCO - halquinol without immunological challenge
(negative control); PCO - halquinol with immunological challenge (positive
control); MO - prebiotic with immunological challenge; BS - probiotic with
immunological challenge; MOBS - probiotic + prebiotic immunological
challenge; with a total of five treatments and five replications. The animals were
standardized according to weight at weaning and housed in groups of three pigs
per pen representing the plot. The performance variables were not affected by
the diet (P> 0.5). However, the use of additives provided greater length of the
small intestine (P <0.05), while animals fed only the prebiotic presented lower
relative weights of the small intestine (P <0.05). Population of total E. coli in the
ileum of animals not challenged was lower (P <0.05) when compared to other
treatments; pH values of the cecum and colon were not influenced by the diet
(P> 0.05). However, the concentrations of propionic acid were lower (P <0.05)
in the cecum of animals fed either probiotic or prebiotic. Histological studies
showed that animals fed only probiotics had a lower height of villi in the ileum
(P <0.05). The villous:crypt ratio was higher in the ileum of the control group.
Total levels of IgA, IgG and IgM were similar (P> 0.05) in all treatments. No
cases of diarrhea during the experimental period were found. In general, the
tested additives alter both the intestinal morphology and VFA production, their
being as effective as the use of antibiotic in the other parameters evaluated.

Keywords: Growth promoter. Gut health. Intestinal mucosae. Pigs. Villi.
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1 INTRODUCAO

Para atuar de forma competitiva no cenario do agronegécio
internacional, a suinocultura moderna tem de se adaptar a uma nova realidade de
producdo, adotando medidas tais como a substituicdo de antibioticos utilizados
enguanto promotores de crescimento, por novos ingredientes dietéticos que
também favorecam um melhor desempenho produtivo. Além disso, deve
disponibilizar ao mercado um produto final livre de residuos, sem apresentar
riscos & satde do consumidor, em funcdo de seu potencial toxico e promocao da
resisténcia microbiana aos antibidticos. Por este motivo, tornou-se crescente a
restricdo ao uso dessas substancias como melhoradores de desempenho em
diversos paises, como na Unido Europeia, que em 2006 proibiu sua
administracdo na alimentacdo animal. Dentre esses produtos alternativos,
destacam-se os prebioticos e probidticos.

Os prebidticos sdo ingredientes ndo digestiveis, como por exemplo 0s
mananoligossacarideos, que estimulam seletivamente o crescimento e a
atividade metabodlica de algumas bactérias benéficas, melhorando a resposta
imunoldgica e preservando a integridade da mucosa entérica.

Os probidticos, por sua vez, sdao suplementos alimentares contendo
culturas Unicas ou mistas de microrganismos Vvivos, que por meio da simbiose
com a microbiota nativa, favorecem o equilibrio saudavel da microflora
intestinal.

Dessa forma, a utilizacdo desses aditivos como possiveis subsitutos aos
antibéticos, faz-se uma importante estratégia nutricional para suinos em fase
inicial de desenvolvimento, sobretudo no periodo pés-desmame, quando o leitdo
é submetido as extremas condi¢Oes de estresse, acarretando em mudangas
estruturais no trato digestorio e alteragdo da microbiota.

Em resposta a essas modificagdes, ocorre a dimuigdo da capacidade de
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digestdo e absorcdo dos nutrientes da dieta, com consequente queda nos
parametros de desempenho, além de estabelecer uma condi¢do mais propicia a
quadros de enfermidades e diarreia nos leitdes.

Sendo assim, esse estudo teve como objetivo principal avaliar a eficacia
de um prebidtico e um probidtico, bem como a associacdo desses, em melhorar o
desempenho, a salde intestinal, a incidéncia de diarréia e a resposta imune em

leitBes recém-desmamados desafiados com Escherichia coli K88+.

2 REFERENCIAL TEORICO

2.1 Microbiota do trato gastrointestinal de leitdes

A populagdo microbiana no trato digestério é de dificil mensuragao.
Estima-se que 90% da area do intestino de um animal monogastrico adulto seja
habitada por mais de 400 espécies diferentes de microrganismos, 0 que
representa 10 vezes mais bactérias no trato digestivo do que células no corpo do
hospedeiro (SILVA; NORNBERG, 2003).

Em suinos, essa microbiota intestinal é altamente complexa e se
estabelece apds o nascimento (ALMEIDA, 2006). As superficies e mucosas
desses animais, antes estéreis em condicBes fetais, rapidamente sofrem
colonizagdo por diversos microorganismos logo ao entrar em contato com a
mucosa vaginal materna. Bertechini e Hossain (1993) relataram a presenca de
E.coli no intestino de leitdes duas horas apds nascimento, enquanto que bactérias
benéficas como o Lactobacillus spp. s6 foram observadas 18 horas depois.

Espécies patogénicas como Escherichia coli, Streptococcus pneumoniae
e Clostridium spp. se desenvolvem primariamente em funcdo da baixa secre¢éo
de &cido cloridrico nas primeiras horas de vida do leitdo, o que permite que

bactérias tolerantes ao pH béasico colonizem diferentes se¢des do trato intestinal
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desfavorecendo a colonizagdo por microrganismos benéficos como
Lactobacillus e Bifidobacterium (RADECKI; YOKOYAMA,1991).

Porém, com a ingestdo continua do leite da matriz, o pH estomacal
reduz-se gradativamente, em funcdo da producdo de &cido latico a partir da
lactose, proporcionando condicGes para o crescimento de microrganismos
anaerdbios benéficos como Lactobacillus, Streptococcus lactis, S. faecalis e S.
termophilus (SANCHES, 2004).

Durante a fase de aleitamento, o colostro e o leite controlam o
crescimento bacteriano no intestino. Estima-se que 90% da microbiota normal
de um suino em aleitamento seja composta por bactérias anaerdbias
consideradas benéficas, como Bacteroides spp., Eubacterium spp. e
principalmente por aquelas produtoras de acido latico, como Lactobacillus spp.,
Streptococcus spp. e Bifidobacterium spp. Os 10% restantes desta microbiota
sdo constituidos de bactérias consideradas nocivas ao hospedeiro, destacando-se
algumas cepas de Escherichia coli, Clostridium spp. e Staphylococcus spp.
(HUYGHEBAERT, 2003).

Uma vez interrompida a ingestdo do leite materno, a microbiota
intestinal residente passa a ser muito variavel (MORES; AMARAL, 2001), pois
o leitdo recém-desmamado apresenta menor quantidade de acido lactico no
estdbmago, devido a auséncia da lactose. Este fato, aliado a insuficiente produgédo
de &cido cloridrico pelas células parietais, eleva o pH (VIOLA; VIEIRA, 2003),
propiciando uma queda na populacéo de bactérias lacticas e o desenvolvimento
de um meio favoravel ao crescimento de microrganismos patdgenos
oportunistas.

Ainda assim, culturas basicas em meios ndo seletivos tem sugerido que
bactérias Gram positivas dominam a microflora de suinos em fase inical de
desenvolvimento, sendo o0s Streptococcus e Lactobacillus, as espécies
predominantes, com densidade de 10" a 10° UFC/g de mucosa (JOHNSSON;
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CONWAY, 1992; SCHIFFRIN; BLUM, 2002)

Dessa forma, somente aos 75 dias de vida, o leitdo alcanca plena
capacidade de acidificar o estbmago e porg¢do inicial do intestino, ficando,
durante esse periodo, predisposto a proliferacio dos microrganismos
patogénicos (SANCHES, 2004).

2.2 Desmame e salde intestinal

O trato digestorio de suinos em fase de desenvolvimento é um
importante canal para a entrada de patdgenos e para o desenvolvimento de
doencas. Porém, uma microbiota equilibrada impede que microrganismos
potencialmente patogénicos exercam efeitos maléficos sobre o organismo do
leitdo (SAAD, 2006), preparando o intestino para futuramente se tornar um
Orgéo associado ao sistema imunoldgico.

Ao momento da desmama, 0s suinos nao apresentam o sistema imune
totalmente desenvolvido (GASKINS; KELLEY, 1995; MELLOR, 2000). Essa
insuficiente producdo de anticorpos, associada a redugdo da imunidade passiva,
predispde os leitdes jovens a doencas entéricas e respiratorias (KELLY;
COUTTS, 2000; MELLOR, 2000; VIOLA; VIEIRA, 2003). Nesse periodo, 0s
animais também sdo submetidos a diversas situacdes de estresse, como
transferéncia de instalagdo, temperatura e umidade diferentes daquelas
encontradas na maternidade, separa¢do da mée, interrupcéo da ingestdo do leite
materno, mudanca brusca na forma fisica da dieta, transporte e reagrupamento
social, contribuindo para a baixa ingestao de alimento (CASTILLO-SOTO et al.,
2004).

Todas essas condigdes, propiciam um ambiente favoravel a fixagdo de
microrganismos patogénicos no trato entérico, os quais promovem modificacdes

estruturais no intestino delgado, como o encurtamento das vilosidades e
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alongamento das criptas e consequente reducdo da capacidade digestiva e
absortiva (PLUSKE, 2001).

Em leitdes, a atrofia das vilosidades apds a desmama é causada pelo
aumento da taxa de perda celular e/ou reducdo da taxa de renovacdo celular.
Essas alteracfes na morfologia da mucosa intestinal do leitdo recém-desmamado
sdo constatadas 24 horas ap6s o desmame (MORAES, 2009). Elas se
caracterizam, segundo Hampson e Kidder (1986), pela reducdo de
aproximadamente 75% na altura das vilosidades em todos 0s segmentos do
intestino delgado, e continuam assim até 15 dias apés o desmame (CASTILLO-
SOUTO et al., 2004).

Outro fato importante é a imaturidade do sistema digestorio e as
drasticas alteracfes que ocorrem na fisiologia intestinal dos leitdes jovens
(BOUDRY et al., 2004). A insuficiente producdo de éacido cloridrico e de
enzimas digestivas dificultam o aproveitamento das dietas formuladas & base de
gréos (EASTER, 1993), comprometendo o desempenho e predispondo os leitbes
a problemas de saude (PLUSKE; HAMPSON; WILLIAMS, 1997).

O periodo p6s desmame &, ainda, caracterizado em determinadas
situacdes, pela ocorréncia de diarréia de origem bacteriana ou motivada por
mudanca nutricional. As diarréias, além de retardarem o crescimento e piorarem
a conversao alimentar em leitbes, geram grandes perdas econbmicas a
suinocultura (MELIN et al., 1998; PEJSAK et al., 1998).

Nagy e Fekete (1999) propuseram que a colonizagcdo do intestino
delgado por E. coli enterotoxigénica aderida ao epitélio é responsavel pela
maioria das lesBes do trato digestivo observadas em leitdes recém desmamados,
assim como Tsiloyiannis et al. (2001) verificaram que a presenca de E.coli foi
associada a mortalidade de leitGes, onde exames bacteriol6gicos revelaram a
presenca de E.coli b-hemolitica K88 positiva em leitdes mortos.

Ao contrério, sabe-se, ainda, que a total auséncia de bactérias no
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ambiente pode comprometer tanto a fisiologia e morfologia intestinal quanto a
imunologia local (INMAN et al, 2010; MULDER et al, 2009;
NANTHAKUMAR et al., 2003; SNEL et al., 2002; UMESAKI et al., 1993;
WAGNER, 2008). Kamimura (2006) estudando animais livres de colonizacdo
bacteriana em sua mucosa, verificou menor nimero de linfdcitos e plasmécitos
na lamina prépria, em comparagdo com animais convencionais .

Tomando-se em conta que o trato gastrointestinal é a maior interface do
sistema imunologico dos leitdes com o meio exterior, a manutencdo de um
equilibrio eubidtico da microbiota intestinal se faz, portanto, essencial para

garantir o desempenho zootécnico, a salde e o bem - estar animal.

2.3 Prebidticos

Quando falamos em aditivos utilizados como promotores de crescimento
na producdo animal, o que se tem em mente sdo os seus beneficios enquanto
melhoradores de desempenho, baseados na melhoria dos indices zootécnicos.
Porém, as informacBes quanto aos efeitos dessas substancias sobre a salde
intestinal e sua interagdo com a microbiota anaerdbia digestiva sdo muitas das
vezes inconclusivas, sobretudo em suinos (AUFREITER; KIM; O'CONNOR,
2011; MIKKELSEN; JAKOBSEN; JENSEN, 2003; MODESTO et al., 2009;
MOUNTZOURIS et al., 2006; PIE et al., 2007; ROSSI; CALLEGARI;
PULIMENO, 2011; SABATER-MOLINA et al., 2009; TZORTZIS et al., 2005).

Frente a essa situacdo, alguns carboidratos complexos, considerados
como prebidticos, vém sendo estudados com o objetivo de aliar ganhos em
caracterisiticas produtivas e morfofisioldgicas através do equilibrio benéfico da
microbiota intestinal, especialmente em animais jovens ou em iminentes
condicdes de estresse (MATHEW; SUTTON; SCHEIDT, 1993; MOSENTHIN;
BAUER, 2000; SILVA; NORNBERG, 2003).
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O termo prebidtico foi empregado para designar nutrientes néo
digeriveis por enzimas (SAAD, 2006), resistentes a acidez gastrica, hidrdlise ou
absorcdo no trato gatrointestinal, porém com capacidade de estimular
seletivamente o crescimento de uma ou mais bactérias benéficas no colon e ceco
(SILVA; NORNBERG, 2003), embora possam ter também algum impacto sobre
0s microrganismos do intestino delgado (GIBSON; ROBERFROID, 1995;
GILLILAND, 2001; MATTILA-SANDHOLM et al., 2002; ROBERFROID,
2007).

Os principais representantes destas substdncias sdo alguns
oligossacarideos que agem diretamente no trato digestério, impedindo o
estabelecimento de microrganismos patogénicos, além de promoverem um
aumento na area de absorcao intestinal em fungéo da hiperplasia das vilosidades
e atrofia das criptas (HOUDIJK; BOSH; TAMMINGA, 1999).

Muitos dos oligossacarideos conhecidos ocorrem naturalmente, outros
sdo produtos de hidrolise parcial, &cida ou enzimatica de polissacarideos ou de
reacdes de transglicosilacdo, que ocorrem quando um outro aglcar age como
aceptor ao invés da agua (SILVA; NORNBERG, 2003).

Entre os oligossacarideos que tém sido mais estudados como aditivos
nas dietas de suinos estdo os frutoligossacarideos (FOS), galactoligossacarideos
(GOS), mananoligossacarideos (MOS), transgalactoligossacarideos (TOS) e
Chitoligossacarideos (BUDINO, 2007; CHE et al., 2011; LIU et al., 2010;
MUSSATTO; MANCILHA, 2007; PRICE et al., 2010; SMIRICKY-TJARDES,
etal., 2003).

De modo geral, Budino (2007) em sua revisdo, relata trés respostas
distintas quanto ao uso dos prebidticos na alimentacdo animal. A primeira refere-
se a modulacdo benéfica da microbiota nativa presente no hospedeiro. A segunda
é a sua possivel agdo melhoradora sobre o sistema imune e sobre certos aspectos

anatémicos do sistema digestivo. A terceira, é conseqiiéncia direta destas duas
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primeiras, e demonstra a influéncia do uso destes compostos sobre o
desempenho animal (SILVA; NORNBERG, 2003).

2.3.1 Mecanismos de acao dos prebidticos

A maioria dos prebidticos pode atuar enquanto substrato, estimulando o
desenvolvimento de bactérias benéficas como Bifidobacterium e Lactobacillus
no intestino grosso, as quais sdo conhecidas pela grande capacidade de produzir
acido lactico e 4cidos graxos volateis (AGV). O acetato, propionato e butirato
sdo os principais produtos da fermentacdo desses compostos (GRIESHOP;
REESE; FALEY, 2001). A maior producéo destes acidos promove a acidificacao
do cdlon, o que provoca inibicdo no crescimento das populacdes de bactérias
nocivas, como Escherichia coli, Clostridium sp. e Salmonella sp. (MATHEW,
SUTTON; SCHEIDT, 1993).

Outro efeito importante a ser considerado é a utilizacdo do butirato
como principal fonte de energia para os colondcitos, sendo um importante
regulador do crescimento e diferenciacdo celular (NATIONAL RESEARCH
COUNCIL - NRC, 1998). Parece haver uma preferéncia dos colondcitos para o
metabolismo de butirato, que contribui diretamente como fonte de energia para
estas células, podendo representar até 70% de seu consumo energético
(SWANSON; FAHEY, 2006).

O suprimento de butirato ajuda a manter a integridade da mucosa,
desempenhando importante papel na manutencdo de um fenotipo celular normal
e reducdo do risco de carcinomas col6nicos (NRC, 2006). Outras fungdes dos
acidos graxos incluem: alteracéo do fluxo sanguineo e da atividade muscular no
cblon, estimulacdo da produgdo de mucina e proliferacdo de enterdcitos.

J& o0 acetato e propionato sdo prontamente absorvidos e entram na

corrente sanguinea, sendo fonte de energia extra para o hospedeiro.
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Alguns oligossacarideos como 0s mananos, podem agir como
adsorventes de agentes enteropatogénicos, atuando diretamente sobre a E. coli e
Salmonella sp., impedindo a proliferacdo destas populagdes no sistema digestivo
(SILVA; NORNBERG, 2003), 0 que resulta em menor incidéncia de infeccdes e
melhor integridade da mucosa (TUCCI, 2003).

Os prebidticos também atuam de forma indireta no sistema imunoldgico,
por promoverem o crescimento das populagdes de Lactobacillus e
Bifidobacterium. Estas tém a capacidade de produzirem substancias com
propriedades imunoestimulatérias e interagir com o sistema imune em Varios
niveis, incluindo a producdo de citocinas, a proliferagio de células
mononucleares, a fagocitose macrofagica e a indugdo da sintese de
imunoglobulinas, em especial, as IgA's (BUDINO, 2007; SILVA; NORNBERG,
2003).

De modo geral, o uso de prebi6ticos promove aumento na area de
absorcédo de nutrientes da mucosa intestinal, o que pode ser fundamental para um
melhor desempenho animal (SILVA; NORNBERG, 2003).

2.3.2 Mananoligossacarideos

Entre as substdncias classificadas como  prebidticos, 0s
mananoligossacarideos (MOS) tem demonstrado efeitos interessantes em suinos
(DAVIS et al., 2002; POEIKHAMPHA; BUNCHASAK, 2011; SHEN et al.,
2009), sobretudo em parametros de produtividade, controle de patdgenos e
preservacdo da integridade da mucosa intestinal, modulando varias propriedades
do sistema imunoldgico (WALTZ; GITRRBACH; ROLLER, 2005).

Esses compostos sdo derivados da parede celular de leveduras
Sacharomyces cerevisae, obtidos através de fermentacao industrial, pelo qual a

parede celular da levedura é desmembrada em porcdo interna e externa por
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tratamento enzimético (KAMIMURA, 2006). Essa fragdo externa contém uma
estrutura complexa de manose fosforilada e glicoproteina (SPRING, 1996 apud
LODDI, 2000).

O mecanismo de a¢do dos MOS na selecdo da microbiota intestinal é
diferenciado em relagcdo a maioria dos demais oligossacarideos utilizados como
prebidticos (AQUINO, 2009). Eles atuam como ligantes de alta afinidade,
proporcionando um meio de aglutinagdo competitivo para determinados tipos de
bactérias gram-negativas especificas, através da sua interacdo com lectinas
sensiveis a manose presente na superficie dessas bactérias (SPRING et al., 2000;
UTIYAMA, 2004). Cardozo (2006) e Kamimura (2006) citaram que além de
evitar a adesdo dos patégenos no intestino, 0s MOS também retiram patégenos
aderidos recentemente a mucosa.

Lou (1995 citado por KAMIMURA, 2006), relatou que a suplementacéo
de MOS a dieta diminuiu a propor¢do de grupos especificos de bactérias gram-
negativas resistentes aos antibidticos nas fezes de suinos.

Ao avaliar a frequéncia de diarreia em leitdes recém-desmamados,
Utiyama et al. (2006) constataram que o uso de 0,3% de MOS foi eficaz em
reduzir sua ocorréncia. O mesmo efeito foi verificado por Grela, Semeniuk e
Czech (2006), ao avaliarem a adicdo de 0,3% de MOS em dietas para leitdes
desmamados aos 28 dias de idade, constatando que o uso de prebidtico diminuiu
a incidéncia de diarréia e promoveu melhor resposta no desempenho dos
animais.

A utilizacdo de MOS na dieta de leitdes recém-desmamados causou, em
média, um aumento de 4,4% no ganho diario de peso (UTIYAMA, 2004), que é
inferior aos 16% proporcionados pelos antimicrobianos promotores de
crescimento (NRC, 1998)

Miguel, Rodriguez-Zas e Pettigrew (2004), ao analisarem dados de 54

experimentos, verificaram aumentos de 4,12% no ganho de peso, 2,11% no
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consumo de racdo e 2,29% na eficiéncia alimentar de leitdes que receberam
dietas contendo MOS como prebi6tico. Castillo et al. (2008), ao utilizarem 0,2%
de MOS nas dietas iniciais de leitdes, também observaram melhorias na
eficiéncia alimentar dos animais que consumiram o prebidtico em relagdo
aqueles que receberam dietas contendo zinco na forma organica e a dieta
controle (sem adicdo de promotor de crescimento).

Por outro lado, dietas suplementadas com mananoligossacarideos ou
combinagdo de mananoligossacarideos com acidificante e probidtico propiciam
ganho de peso, conversao alimentar e altura de vilosidades ao nivel de duodeno
semelhantes a dietas suplementadas com colistina e avilamicina para leitGes de
21 a 49 dias de idade em condic¢Oes de desafio sanitario (CORASSA et al.,
2006).

Em seu trabalho, Swanson et al. (2002), constataram que o MOS é capaz
de aumentar os niveis séricos de imunoglobulinas G e A no sangue e IgA ileal
quando adicionados com frutoligossacarideos.

Os mananos também foram efetivos em modular o sistema imune,
aumentando a concentragdo de imunoglobulina A em contetido cecal de ratos
(KUDOH et al., 1999) e alterando respostas imunoespecificas e ndo especificas,
com aumento de desempenho de leitdes (SOHN et al., 2000).

Portanto, pesquisas com mananoligossacarideos devem  ser
aprofundadas, de modo continuo, a fim de otimizar sua utilizacdo na
suinocultura moderna como reguladores da microbiota entérica, mantenedores
da integridade da mucosa intestinal, melhoradores de desempenho e

imunomoduladores.

2.4 Probiéticos

A tilizacdo de probidticos na alimentagdo animal se baseia na
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insuficiente capacidade da  microbiota entérica em suportar um 6timo
desempenho produtivo (MORAES, 2009).

Segundo um conceito abrangente proposto por Walker e Duffy (1998),
probidticos sdo suplementos microbianos vivos formados por bactérias e/ou
fungos especificos, capazes de melhorar o equilibrio microbiano no intestino,
uma vez gque provocam a reducdo de agentes patogénicos e estimulam o sistema
imune do hospedeiro, atuando na prevencdo de distdrbios intestinais e
promovendo melhora do desempenho animal, como ja demonstrado em diversos
estudos com suinos (BIRD et al, 2009; BOMBA et al, 2002;
KONSTANTINOV et al., 2008; LESSARD et al., 2009; MARTIN et al., 2009;
PIEPER et al., 2009; SZABO et al., 2009; WANG et al., 2009),

Varios microrganismos tém sido usados como probidticos, sobretudo em
leitdes desmamados, entre eles destacam-se as bactérias lacticas: Lactobacillus
acidophilus, Lactobacillus bulgaricus, Lactobacillus plantarum, Lactobacillus
casei, Streptococcus faecium, Streptococcus lactis e Streptococcus thermophilus;
além de outros, como o Bacillus subtilis, Bacillus toyoi, Aspergillus oryzae,
Torulopsis sp. E Bifidobacterium bifidum (CHIQUIERI, 2003; CHOI et al.,
2011; GUPTA; GARG, 2009).

Os probidticos reforcam a microbiota intestinal, principalmente em
condi¢bes adversas como mudancas na alimentacdo, desafio imunoldgico,
tratamento com antibidticos, estresse social e ambiental (CARDOZO, 2006).
Porém, se as condicdes sanitérias forem adequadas, se 0s animais ndao sofrerem
quaisquer tipos de estresse e a flora intestinal estiver equilibrada, os probidticos
terdo pouco efeito sobre o desempenho animal. Entretanto, nas criagOes
comerciais existentes nos dias atuais, é dificil um animal que ndo sofra estresse
ou que viva em ambiente livre de microrganismos (AVCARE LIMITED, 2003).

Além de promover resisténcia gastrintestinal aos patdgenos, 0s

probidticos sdo descritos por promover 0 aumento da tolerancia e digestao



24

da lactose, aumentar a absor¢do de minerais, produzir vitaminas, modular o
sistema imunoldgico, auxiliar no tratamento da diarreia e por seus efeitos anti-
carcinogénicos (BORGES; SALGARELLO; GURIAN, 2003; COLLADO et al.,
2009; DORON; HIBBERD; GORBACH, 2008; LOMAX; CALDER, 2009;
MARCHESI; SHANAHAN, 2007; PARKES; SANDERSON; WHELAN,
2009), entretanto, seus mecanismos de acdo ainda necessitam ser claramente
elucidados (ROSELLI et al., 2007).

O que tem sido proposto é que cepas probidticas atuam por diferentes
mecanismos no organismo dos suinos, como por exemplo: exclusdo competitiva
e antagonismo direto (MENTEN, 2001); estimulo ao sistema imune (SZABO et
al., 2009; SCHAREK et al., 2007); efeito nutricional (LEEDLE, 2000);
supressdo da producdo de aménia (CHIQUIERI, 2003) e neutralizacdo de
enterotoxinas (JIN; HO; ZHAO, 1997).

As caracteristicas desejaveis para uma cultura ser considerada probiética
sdo: capacidade antagbnica as bactérias intestinais indesejaveis, carater ndo
patogénico e ndo tdxico, ser acido resistente, estavel durante a estocagem, viavel
por longos periodos de tempo, conter no minimo 3,0 x 10° unidades formadoras
de col6nia por grama e competir com microrganismos patégenos, promovendo
efeitos benéficos ao hospedeiro (BURITI et al., 2005; SHIM, 2005).

2.4.1 Probioticos bacilares

Ha probidticos que ndo tém a capacidade de colonizar o trato
gastrintestinal, como é o caso do Bacillus subtilis, que apenas transitam pelo
intestino juntamente com o contelddo intestinal e ndo aderem ao epitélio.
Contudo, atingem o Iimen do intestino com maior nimero de microrganismos
viaveis quando comparado ao Lactobacillus acidofilus, por exemplo. Isto se

deve ao fato de estarem na forma esporulada e, consequentemente, ndo serem
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destruidos durante o processamento da ragdo (COPPOLA; TURNES, 2004). O
género Bacillus é resistente ao calor, umidade, calor seco, a radiagdo
ultravioleta, & radiacdo gama, agentes oxidantes e pressdo (KURTI, 2004),
apresenta facil preparacdo e menor custo para processos de producdo (SILVA et
al., 2006), o que o torna uma alternativa em potencial ao uso de antibidticos.

Outro ponto forte na utilizacdo de Bacillus subtilis, é sua capacidade em
inibir o crescimento de patdgenos como Clostridium perfringens, o qual
adquiriu resisténcia a antibidticos promotores de crescimento tais como
bacitracina e a lincomicina, promovendo distlrbios intestinais em leitbes
lactentes e altos indices de mortalidade pré-desmame (COSTA et al., 2004)

Yeow e Hai (2005) isolaram o Bacillus subtilis do trato entérico de aves,
confirmando sua atividade inibitoria in vitro de Clostridium perfringens,
Clostridium difficile, Campylobacter jejuni, Campylobacter coli e Streptococcus
pneumoniae.

Utilizando-se um pool de probidticos a base de Bacillus subtilis, B.
natto, B. megaterium, Lactobacillus acidophilus, L. plantarum, L. brevis, L.
casei, Streptococcus lactis, S. faecalis, S. termophilus e Saccharomyces
cerevisae, Huaynate et al. (2006) verificaram que leitbes recém-desmamdos
recebendo doses de 200 e 300 ppm deste produto, apresentaram menor
porcentagem de diarréia em relacdo ao grupo controle e ao grupo que recebeu
100 ppm, verificando a eficacia de sua dosagem.

Em se tratando de estimulo ao sistema imune, a utilizacdo de probioticos
a base de Bacillus também pode aumentar a ativacdo de macrofagos e células T
e induzir aumento dos niveis séricos de interferon (SANCHES, 2004)

Chiquieri (2003), Utiyama (2004) e Silva et al. (2006) citaram que
Bacillus subtilis, ao ser utilizado em humanos e animais, promoveu aumento da
secre¢édo de imunoglobulina A.

H&, também, evidéncias dos efeitos benéficos na promocdo do
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crescimento com o uso de probidticos bacilares em suinos (BHANDARI et al.,
2008; BUDINO et al., 2006; CHOI; SUH; KIM, 2011; DAVIS et al., 2008;
KRITAS; MORRISON, 2007; MORAES, 2009; SILVA et al., 2006; UTIYAMA
et al., 2006)

Nos experimentos de Alexopoulos et al. (2004, 2006), foram utilizadas
cepas de B. subtilis + B. licheniformis (1,28 x 10° esporos/g) e B. toyoi (0,5 x 10°
esporos/g) em matrizes suinas das duas semanas precedentes ao parto até o
término da lactacdo, no qual verificou-se que essas fémeas perderam menos
peso, consumiram mais ragdo e produziram leite com maior teor proteina e
lipideos quando comparadas ao grupo controle. Os efeitos prebidticos
extenderam-se também aos leitdes, observadas menor taxa de mortalidade,
maior ganho de peso e menor frequéncia de diarréia durante o periodo pré-
desmame.

Entre algumas agdes dos microrganismos B. subtilis, estdo a secrecéo de
enzimas proteoliticas e lipoliticas, as quais auxiliam na transformacdo de
compostos pouco sollveis ou ndo digestiveis em compostos altamente solveis.
Assim, promovem maior digestibilidade de nutrientes reduzindo a
disponibilidade de substratos para bactérias patogénicas (KURTI, 2004).

Além desses mecanismos, ha indicacbes de que esses probidticos
aumentam o aproveitamento das proteinas, melhorando a saide e o crescimento
animal, por reduzirem a producdo intestinal de aménia, como verificado por
Shim (2005), que ao utilizar cepas de Bacillus e também de Bifidobacterium,
Lactobacillus e Aspergillus, verificaram diminui¢do da concentracdo de amonia
nas fezes.

Entretanto, os efeitos descritos devem ser limitados as estirpes
analisadas em cada estudo e ndo extrapolados e generalizados para a espécie ou
para outros probiGticos (BADARO et al., 2009), o que propicia uma grande

variabilidade dos resultados encontrados com seu uso.
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Abstract

In this study, both the effect of mannan oligosacharides, Bacillus subtilis
and their combination were evaluated on growth performance, gastrointestinal
health and immune response in weanling pigs. A total of 75 piglets (females and
castrated males), weaned at 28 d, average initial weight of 8.44 kg + 2.19 kg,
were housed in 25 pens with randomized blocks design. Animals were given 5
treatment diets, including a negative control diet containing 200 mg/kg of
halquinol (NCO), a positive control diet containing 200 mg/kg of halquinol
(PCO), a diet with mannan-oligosaccharides, 1,500 mg/kg (MO), another diet
with Bacillus subtilis, 5 x 10° cfu/kg (BS) and a diet with both the additives
(MOBS). The groups of animals PCO, MO, BS and MOBS were orally
challenged with enterotoxigenic Escherichia coli K88+. The experiment lasted
35 d. BW was recorded and daily feed intake was calculated. Fecal consistency
was monitored throughout the experimental period. After 3 wk, 25 animals were
slaughtered. Samples of intestinal contents were collected to determine the
concentration of lactic acid and short chain fatty acids (SCFA), intestinal pH,
lactobacillus and population of enterobacteria. Histology and morphometry of
small intestine and concentration of immunoglobulins were also evaluated.
Performance parameters were not affected by the diet (P>0.05). However, the
use of additives provided greater length of the small intestine (P<0.05), while

animals fed MO diet showed lower relative weight of the small intestine
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(P<0.05). Population of total E. coli in the ileal content of unchallenged animals
was lower (P<0.05). The concentration of propionic acid was lower (P<0.05) in
the caecum of animals fed either BS or MO diets. Animals fed BS diet had lower
height of villi in the ileum (P<0.05). Villous: crypt ratio was higher in the ileum
of the PCO group. No significant differences (P>0.05) were recorded in pH or
serum and the ileal immunoglobulin concentrations. No cases of diarrhea were
reportted. In conclusion, MO, MOBS and BS diets had benefit similar to the
diets supplemented with antibiotic to improve growth performance, in addition
to altering the morphology of the small intestine of weanling pigs. However,
further studies are needed to better understand their mode of action.

Keywords: Intestinal health, intestinal morphology, piglets, post-weaning
diarrhea, prebiotic, probiotic

Abbreviations: ADFI, average daily feed intake gain; ADG, average daily gain;
BS, diet with Bacillus subtilis; BW, body weight; CP, crude protein; D, day(s);
ETEC, enterotoxigenic Escherichia coli; F:G, feed conversion; H, hours; IgA,
immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; ME,
metabolizable energy; MO, diet with mannan-oligosaccharides; MOBS, a diet
with both the additives; MOS, mannan-oligosaccharides; NCO, negative control
diet; PCO, positive control diet; SCFA, short-chain fatty acids; WK, week(s).

1. Introduction

Enteric disease and immune challenge are processes that have
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detrimental effects on the growth performance of young swine (Davis et al.,
2010), especially in weaned piglets, which suffer from gastroenteritis caused by
enterotoxigenic Escherichia coli (ETEC) K88+ (Setia et al., 2009). The
traditional way to control this problem is to include subtherapeutic doses of
antibiotics in the feed, but this is no longer acceptable to consumers, thus,
alternatives to antibiotics are needed.

Enhancing normal gut flora and targeting intestinal pathogens through
nonantibiotic approaches might improve food safety and reduce antibiotic
residues (Forshell & Wierup, 2006; Ojha & Kostrzynska, 2007). In this regard,
several commercially available feed additives and ingredients have proven
useful in improving health and productive performance of pigs (Stein & Kil,
2006; Castillo et al., 2008; Kiarie et al., 2008; Gebru et al., 2010).

One of the supplements that has been effective in the replacement of
antibiotics is the Bacillus direct-fed microbial (Bhandari et al., 2008; Choi et al.,
2011). They are probiotics, and refer to a group of nonpathogenic organisms that
when administered in sufficient numbers are known to have beneficial effects on
the host animal’s health by improving their intestinal microbial balance (Reid et
al., 2003).

Dietary oligosaccharides also have been shown to improve performance
and enhance the host’s health status (Liu et al. 2010). Furthermore, dietary

oligosaccharides, such as mannan-oligosaccharides (MOS), used not only as a
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growth promoter for helpful bacteria, but also effectively inhibit the growth and
activity of pathogenic microorganisms (Castillo et al., 2008; Price et al., 2010).
Therefore, the present study was designed to evaluate the effect of diets
containing MOS, probiotic strains or their combination, to enhance growth
performance, gastrointestinal health and immune response in weanling pigs

orally challenged with ETEC K88+.

2. Materials and methods

The experimental protocol used in this study was approved by the
bioethical committee of Federal University of Lavras, Brazil.
2.1. Animals and Diets

A total of 75 piglets [Large White x (Large White X Pietrain)], females
and castrated males, were selected from the Experimental Center of Swine, of
the Department of Animal Science at the Federal University of Lavras. The
facilities of the nursery room were cleaned, disinfected and kept unused for 7 d
before the experiment. Animals were weaned at 28 d of age, initial BW of 8.44 +
2.19 kg, randomized in blocks and housed in 25 pens (three pigs in each pen).
The experimental units were arranged so that there would always be an empty
pen between them in order to avoid contact between pigs of different treatments.
Dietary treatments were: 1) a negative control diet with 200 mg/kg growth

promoter and no challenge (NCO), 2) a positive control diet with 200 mg/kg
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growth promoter (PCO), 3) a diet with mannan-oligosaccharides, 1,500 mg/kg
(MO), 4) 5 x 10® cfu/kg B. subtilis (BS) and 5) 1,500 mg/kg mannan-
oligosaccharides + 5 x 10° cfu/kg B. subtilis (MOBS). The growth promoter
used was halquinol (mixture of 5,7-dichloro-8-quinolinol, 5-chloro-8-quinolinal,
and 7-chloro-8-quinolinol). Animals in groups PCO, MO, BS and MOBS were
orally challenged with ETEC K88+. To ensure that the animals would begin the
study free of ETEC activity, fecal swabs were obtained and cultured before
starting the study. The 5-wk experiment included a pre-starter period (1 wk), a
starter | period (2 wk) and starter Il period (2 wk). Experimental diets were
formulated based on corn, soybean meal and complex base mix (Table 1). All
diets either met or exceeded the nutrient requirements suggested by NRC (1998).
Animals were allowed ad libitum access to feed and water.
2.2. Performance and Collection Procedures

An initial BW was taken at d 0 with subsequent BW and food intake
obtained on d 21 and 35. BW and feed intake were used to determine ADG,
ADFI and F:G. The fecal scoring was classified by using a scale ranking from 0
to 3, with 0 = normally shaped feces, 1 = shapeless feces, 2 = soft feces, and 3 =
liquid feces. On d 5, animals were inoculated by oral gavage with 10 ml of
ETEC (1 x 10° cfu/ml), except the NCO group, which was inoculated with 10 ml
of 0.9% saline solution on 21 d, after 12 hours fasting of solid, one animal per

experimental unit was selected according to the average weight of the pen and
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slaughtered for determination of all of the other parameters under study. Length
and empty weight of the small intestine was recorded. Fragments were taken for
histology from the duodenum, jejunum and ileum, and transferred to 10%
neutral buffered formaldehyde. The pH of the intestinal content was determined
inside the cecum and colon, and 20 ml of digest collected to carry out the
extraction of SCFA and lactic acid. 10 cm segments of the duodenum, jejunum,
ileum and cecum were obtained from cross-sections of the mesenteric border.
The material was sealed at its ends, stored in sterile plastic bags and taken to
microbiological count for ETEC K88+, total E. coli, Salmonella sp and
Lactobacillus sp. Blood was collected by jugular puncture and mucus by ileum
scraping for quantification of immunoglobulin.
2.3. Analytical Methods
2.3.1. Histological Analysis

Two segments of 2 cm were collected from the duodenum, jejunum and
ileum by cross cuts. The samples were fixed in formalin and embedded in
paraffin. Slides were processed by hematoxylin-eosin technique. For each
sample, crypt depth and villus height and width were measured. All
measurements were made on 30 villi and 30 crypts per sample, using the
Olympus DP 11 digital camera attached to a binocular microscope. The images
were digitized and analyzed in the Cell B Program (Imaging for Life Science

Microscopy Sotware, Olympus). Villus height was represented by the distance
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from the opening of the crypt to the top of the villus. The crypt depth was
measured from the base of the crypt at the opening of the crypt. The ratio of
villus height:crypt depth was calculated.
2.3.2. Analysis of SCFA

The material was carefully collected and treated with phosphoric acid
(50%) at the ratio of 0.5 ml of phosphoric acid: 10 ml of contents, homogenized
and frozen at the temperature of -20 °C until analysis. Analysis of SCFA and
lactic acid were performed by gas liquid chromatography using the method of
Cochrane (1975).
2.3.3. Immunoglobulins

The concentration of IgA in the ileum, 1gG and IgM in serum was
quantified using the pig IgA, 1gG and IgM ELISA Quantitation Kits (Bethyl
Laboratories, Inc., Montgomery, TX). For determination of 1gG and IgM, 10 ml
of blood were collected into nonheparinized test tubes. The blood was allowed
to clot at room temperature and then subjected to centrifugation at 2000 x g for
10 min to obtain serum. For quantification of IgA, 2 ml of mucus were collected
from the intestinal wall of the ileum.
2.4. Statistical Analysis

The data were subjected to the analysis of variance after normality test
(Shapiro-Wilk). Means were compared by Student Newman Keuls (SNK) test at

5% of significance. For SCFA and morphometrics characteristics, the option of
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least squares means transformation was used to obtain normality. For
microbiological variables, means were compared by Kruskal-Wallis at 5%. All
statistical analyses were performed using the SAS Inst. Inc., Cary, NC (1996).
For performance analyses, the pen was used as the experimental unit using
initial BW; a randomized blocks design was followed. For other data, the pig

was the experimental unit.

3. Results
3.1. Growth Performance

The performance characteristics were not influenced by the treatments
(P >0.05). Results for BW, ADG, ADFI and F:G are shown in Table 2.
3.2. Fecal Consistency

No cases of diarrhea or soft feces were observed during the 5 weeks’
experiment. Thus, the assessment of fecal consistency was disregarded in this
study.
3.3. Immunology and Microbiology

Bacterial counts of Lactobacillus sp., total E.coli, ETEC and
Salmonella sp. in the duodenum, jejunum, ileum and cecum digesta did not
differ among the treatments (P>0.05), except for the total population of E. coli,
which was lower in the ileum of the NCO group, as the data in Table 3 show. In

terms of immune function, serum concentrations of 1gG and IgM, and also the
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ileal 1gA concentrations were not influenced by the diet (data not shown; 243 +
25 ng/ml, 223.18 + 38.6 ng/ml and 680 £+ 45 ng/ml, IgA, IgG and IgM,
respectively).
3.4. SCFA and pH

The use of additives, singly (MO or BS diets), showed lower production
of propionic acid in the cecum of piglets (P<0.05), despite showing
concentration (P<0.05) similar to the group with growth promoter PCO and the
combined diet (MOBS). The concentration of propionic acid in the colon was
similar among the treatments (P>0.05). The concentrations of acetic, butyric and
lactic acids also showed no significant differences among the diets (P>0.05) as
shown in Table 4. The pH of digesta was not affected by the experimental diets
in any of the sections of the large intestine (data not shown; 6.16 + 0.13 and 6.21
+ 0.11 for colon and cecum, respectively).
3.5. Intestinal Length and Weight

The addition of the antibiotic substitutes in diets provided greater length
of small intestine (P<0.05) in the animals, while the PCO group had the shortest
length (P<0.05). With respect to intestinal weight, despite the MOBS and NCO
diets provided greater relative weight of small intestine (P<0.05), the POC and
BS groups also had similar values, as shown in Table 5.
3.6. Intestinal Histology

Histological parameters were not affected by the diets in the duodenum
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and jejunum (P>0.05). In turn, there were significant differences in the ileal
morphology (P<0.05). Animals in the PCO group showed greater villus:crypt
ratio, and also higher villi, but presented villus length similar to the piglets
supplemented with MOS (MO and MOBS diets). The villi of the ileum were still
affected by the BS diet, with lower height (P<0.05) when compared to other
treatments. The results of the histological analysis are also presented in Table 5.
4. Discussion
4.1. Growth Performance

Growth performance was not affected by dietary treatment during the
whole period of study, showing that the use of MOS and B. subitillis, either pure
or combined (BS, MO and MOBS), in the diets of piglets in initial phase of
development give equal ADG, ADFI and F:G when compared to animals fed a
growth promoter (NCO and POC), without providing either additional gains or
losses. Similar results were found by Bhandari et al. (2008), which investigated
the effects of B. subtilis direct-fed microbial on E. coli induced scouring in pigs.
Gebru et al. (2010) also found that diets supplemented with the probiotic L.
plantarum promote equal benefits to diets containing antibiotics, in terms of
growth performance in growing pigs experimentally challenged with Salmonella
enterica serotype Typhimurium.

While Choi et al. (2011) noticed the efficacy of probiotic diets, studying

multi-microbe probiotics (L. acidophilus, B. subtilis, Aspergillus oryzae and
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Saccharomyces cerevisiae) by the improvement of the growth performance in
weaned pigs, with better ADG, ADFI and G:F, when compared with pigs fed
negative control diet. But, this did not include evaluation of experimentally
infected animals.

Alexopoulos et al. (2004) demonstrated performance benefits with B.
Subtilis and B. licheniformis spores as probiotics for sows and neonatal piglets,
but experimental infection of animals with E. coli was not evaluated. However,
in vitro studies indicated that Bacillus can produce antimicrobial to pathogenic
compounds. Similarly, Kiers et al. (2003) observed that weaned pigs challenged
with enterotoxigenic E. coli had ADG 18 and 21% greater when fed soybean
meal fermented by Rhizopus and Bacillus, respectively, for 4 weeks post-
challenge.

By analyzing data from 54 experiments, Miguel et al. (2004) found
increases of 4.12% in weight gain, 2.11% in feed intake and 2.29% in feed
efficiency of nursery pigs fed diets containing MOS compared to control groups.

Kiarie et al. (2011) evaluated the effects of Saccharomyces cerevisiae
fermentation products in 90 weanling pigs orally challenged with Escherichia
coli K88+ and verified better performance, especially in the presence of the
active enteric disease.

However, few studies have evaluated Bacillus spp. and manan -

oligosaccharides as a growth promoter in E. coli K88+ postweaning diarrhea.
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4.2. Fecal Consistency

It has been well recognized that infection with enterotoxigenic E. coli
harbouring the F4 fimbriae (ETEC K88+) is one of the most important causes of
postweaning diarrhea in pigs. This pathotype is characterized by the expression
of an F4 fimbrial adhesin which induces bacterial attachment to specific F4
receptors located in the brush border of the swine intestine and secretion of

enterotoxins that cause diarrhea (Fairbrother et al., 2005).

Recent studies have demonstrated the suitability of an ETEC K88+
challenge model in evaluating the role of feed additives in nursery pig diets
(Trevisi et al. 2009; Kiarie et al., 2011; Liu et al. 2010; Zanello, 2011), however
the current study did not present incidence of liquid or soft feces in weaned pigs
upon oral challenge with ETEC K88+, assuming that the inoculation was not
effective in promoting an enteric infection. What supports this statement is the
absence of an acute immune response and clinical signs of colibacillosis, such as
diarrhea, dehydration, weight loss, weakness and anorexia in those animals

inoculated with this strain (PCO, MO, BS and MOBS groups).

A reason for this fact would be the dose of inoculum used (1x 10°
cfu/ml), considering that Bandharim et al. (2008), utilizing weanling pigs
challenged with ETEC K88+ (6.3 x10° cfu/ml), verified that the level of disease
induced by the infection model occurred within the 24 to 48 h after inoculation.

Owusu-Asiedu et al. (2003) noticed that scours was evident in all pigs 8 h after
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challenge, with dose of 10" cfu/mL of ETEC K88+.

Another and the main explanation is the fact that all experimental diets
were formulated with zinc oxide (ZnO), with concentrations ranging from 2,564
to 3,846 mg/kg. Studies have reported that ZnO at pharmacological
concentrations (2,000 to 3,000 mg/kg) could reduce diarrhea during weaning
(Holm, 1990; Kavanagh, 1992), not showing, clearly, the effect of the
inoculation with ETEC K88+ on the occurrence of diarrhea. It was suggested
that Zn ions block the oxidase system of the respiratory chain of E. coli
(Kasahara & Anraku 1972), inhibiting their growth in the intestine of piglets,

although its mode of action is not entirely clear yet.

4.3. Immunology

The intestine represents a critical interface between the animal and the
residing microrganisms. An animal that is challenged by an infectious agent will
divert nutrients away from growth and development to defense processes (Cook,
2010). However, there is the hypothesis that improved immunity (i.e.,
phagocytosis, antibody, cytokines and chemokines production) by using specific
dietetics nutrients would improve animal health and efficiency of production. In
this context, both pre- and pro-biotics have been useful as important tools to
stimulate the immune system (Cook, 2010).

The present study did not show effect of diets upon challenge by ETEC

K88+ on the levels of serum immunoglobulins (IgM and 1gG) and mucus-ileal
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(IgA) in animals subjected to different treatments; which contradicts some
results already reported in the literature who attest the animal immune system
modulation through the use of prebiotics and probiotics.

Davis et al (2004) found an alteration in leukocyte populations in pigs
fed MOS. Swanson et al. (2002), verified the highest serum concentration of 1gG
and IgA, and IgA in the ileal digesta of dogs fed MOS and fructoligosaccharides.
Kudoh et al. 1999 showed an increase in fecal IgA concentrations in rats
supplemented with MOS. Sohn et al. (2000) also verified the modulation of
specific and nonspecific immune responses in pigs fed MOS, with gains in
performance characteristics.

Probiotics improve the health status of growing and finishing pigs
(Alexopoulos et al., 2004), and the intestinal immune system of young pigs
(Scharek et al., 2007; Szabo et al., 2009). Similarly, soybean meal fermented
with probiotic bacteria also increases the immune response of growing-finishing
pigs (Hung et al., 2008).

Bhandari et al. (2008) noticed that by 14 d postinfection with ETEC
K88+ the animals were fully recovered. In our study, collecting material for
evaluating the immune parameters occurred 16 d after infection, which may
partly explain the difference between our results and previous studies, given the
fact that acute response to a infection is noticed up to 96 h after challenge, with

lifetime for IgM of 6 d and for IgA 10 d (Janeway Jr. et al., 2005). In dealing
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with post-infectious immunity, we found no significant difference between the
concentrations of IgG in serum, since total antibodies and not specific
immunoglobulins for ETEC K88+ were evaluated.

4.4. Microbial Ecosystem

Mannan-oligosaccharides have been proposed to promote growth by
modifying the gastrointestinal ecosystem and reducing intestinal pathogen
colonization (Spring, 2000). White et al. (2002) found a lower concentration of
coliforms in the feces of pigs fed diets containing MOS, and Castillo et al.
(2008) reported that the use of MOS reduced the number of enterobacteria in the
jejunum of piglets weaned at £ 20 d.

The mode of action of a probiotic also may include modulation of
microbiota and changes in the structure and function of intestinal epithelium
(Stein & Kil, 2006; Boirivant & Strober, 2007). Choi et al. (2011), verified that
the feeding of 0.60% probiotic diet improved Lactobacillus population in the
feces and intestine and reduced the population of Clostridium and coliforms in
feces and ileum in weaned piglets.

In this study, the probiotic diet (BS), prebiotic diet (MO) or their
combination (MOBS) proved be as effective as the use of the antibiotic (PCO
and NCO) in maintaining the balance of intestinal flora, but not stimulated the
growth of Lactobacillus sp or inhibited the development of E. coli. However,

smallest population of total E. coli was found in the ileum of animals not
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challenged, that being an indication that inoculation with ETEC K88+ was
effective.

No change in bacterial populations was clearly reflected by the
fermentation patterns which were not altered by the experimental diets, as pH of
digesta and production of SCFA and lactic acid. Except for the prebiotic or
probiotic supplementation (MO or BS) which interfered negatively on the
production of propionic acid in the cecum; which may be explained by the
particular mode of action of B. subitilis which differs from other probiotic
strains. They do not colonize the gastrointestinal tract (Kornegay et al., 1996),
reducing their intestinal levels by 24 hours (Sanders et al., 2003), suggesting that
they may affect the production of propionic acid due to its fast rate of passage in
the gut or even for the dosage used not having been enough to stimulate this
fermentation.

Similarly, MOS has a unigue mechanism of action in the selection of the
microbiota when compared to most of the oligosaccharides used as prebiotics.
They act as ligands with high affinity, providing a competitive agglutination for
certain types of specific gram-negative bacteria through its interaction with
mannose-sensitive lectins on the surface of these bacteria (SPRING et al., 2000).
Thus, they act as adsorbents of pathogens and not as a substrate for lactic acid
bacteria. This fact, coupled with its low rate of inclusion in the diet, relative to

other non-digestible carbohydrates as resistant starch, non-starch
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polysaccharides of cereals or non-digestible oligosaccharides of soybeans, will
likely interfere in their potential to promote different patterns of fermentation
(Castillo et al., 2008). However, MOS does not always change the pH or SCFA
profile in the gut of weanling pigs (White et al., 2002; Castillo et al., 2008).

This reduction in propionate production may still be explained by the
preferential use of the acrylate pathway for the obtaining of propionate from
lactate, when in contact with such additives. This is an alternative route to the
succinate pathway and acetyl CoA-dependent, one of the byproducts of butyrate
and acetate, which demands more time for its formation.

4.5 Intestinal Morphology

The growth promoter in animals challenged (PCO), presented higher
villus:crypt ratio in the ileum, promoted by major development of the villi. This
shows that in situations of bacterial challenge, the antibiotic was superior to
other additives to ensure the integrity of the intestinal epithelium, stimulating
villus tropism. However, the use of MOS, pure or associated (MOBS and MO

diets) resulted in villi height similar to the PCO group.

An increase in villus height and villus:crypt ratio in the jejunum has
been reported in weaned pigs fed antibiotics and yeast culture when compared
with pigs fed the control diet (Shen et al., 2009). Castillo et al. (2008) evaluating
the use of 0.2% MOS in diets for weanling pigs, showed that the villus

height:crypt depth ratio in the ileum was higher in MOS-fed pigs due to a
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significant increase in villous height.

The same study also showed no histological differences in the
duodenum and jejunum of animals compared to animals fed a diet containing
zinc in organic form or control diet, without adding any promoter growth. This
beneficial effect of MOS on ileal morphology could be due to an increased
production of mucus produced by goblet cells present in the intestinal villi,

forming a gel layer which protects the epithelium, as proposed by Ferket (2002).

The use of B. subtilis resulted in lower villi height in the ileum of pigs
fed BS diet (figure 1). These data disagree with Choi et al. (2011), who noticed
that multi-microbe probiotics (Lactobacillus acidophilus, Bacillus subtilis,
Saccharomyces cerevisiae and Aspergillus oryzae) had greater villus height in

the jejunum and ileum and had increased villus height:crypt depth in the ileum.

The current result can be related to low production of propionate in the
cecum of these animals, not providing sufficient energy to promote a
hypertrophy of the ileal mucosa, considering that gut cells are supported by the
SCFA derived from bacterial fermentation, providing more than 70% of the
oxygen consumed by this tissue (Swanson & Fahey, 2006) This caloric intake in
pigs has been estimated between 5 to 28% of the maintenance energy
requirements, depending on the frequency of consumption and level of fiber in
the diet (NRC, 1998).

However, in terms of intestinal length, the use of additives (BS, MO and
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MOBS diets) promoted higher measures and the PCO group lower, which
demonstrates the possible action of B. subtilis and MOS on the allometric
development of the gastrointestinal tract. BS diet was one of those which most
provided gains in length of the small intestine, suggesting that there is a
compensatory growth in length of the intestinal tract, when there is a deletion in
the development of the villi. Some authors speculated that this ‘gut elongation' is

allowed for more efficient nutrient absorption (Cook, 2010).

5. Conclusions

The prebiotic and probiotic supplementation was so effective as using a
growth promoter in weanling pigs challenged with E. coli K88+ on features
performance, immune function, microbiologycal gut and intestinal ph.

However, diets supplemented with prebiotic or probiotic, and
combination of both, changed the morphology of the small intestine of the
piglets.

Data in the literature on intestinal allometry associated with the use of
probiotics and prebiotics are rare or nonexistent. Showing the real need to
conducted futures studies to better understand their mode of action.
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Table 1. Composition of pre-starter and starter control diets, as-fed basis.

Ingredient, % Diets
Pre-starter Starter | Starter 11
(1 wk) (2-3 wk) (4-5 wk)
Corn 50 55 60
Soybean meal 10 15 20
Pre-Initial base mix®* 40 0 0
Inicial base mix 1°2 0 30 0
Inicial base mix 11°2 0 0 20
Total 100 100 100

Calculated chemical composition

ME, kcal/kg 3,246 3,371 3,353
CP, % 19.79 19.50 19.55
Calcium, % 0.82 0.82 0.73
Total phosphorus, % 0.64 0.65 0.63
Lysine, % 1.49 1.40 1.28
Methionine, % 0.54 0.50 0.46
Methionine + Cystine, % 0.85 0.80 0.82
Threonine, % 0.95 0.90 0.82
Tryptophan , % 0.27 0.24 0.24

%Composition: Calcium carbonate, sodium bicarbonate, dicalcium phosphate,
whole milk powder, whey powder, micronized soybean meal, sodium chloride,
pre-gelatinized maize, dry yeast brewery, plasma powder, amino acid mineral
and vitamin premix.

Pre-initial base mix — Levels per kg of product: A vitamin (21.00 IU), Bl
vitamin (3.68 mg), B2 vitamin (9.6 mg), B6 vitamin (3.28 mg), D3 vitamin (4.20
IU), E vitamin (127.50 mg), K3 vitamin (5.50 mg), pantothenic acid (31.50 mg),
folic acid (0.95mg), biotin (0.08 mg), antioxidant (750.00 mg), Fe (252.00 mg),
Cu (600.00 mg), Mn (116.25 mg), zinc oxide (3,846.00 mg), Co (0.80 mg), Se
(0.88 mg), | (1.26 mg), niacin, (75,00mg), xylanase (3,324.00 mg) betaglucanase
(4,025.00 mg), saccharin sodium (656.00 mg), phosphoric acid (4100.00 mg),
citric acid (262.00 mg ), malic acid (15.00 mg), lactic acid (12.00 mg) and
tartaric acid (7.50 mg).

2Initial base mixe | - Levels per kg of product: antioxidant (567.00 mg), vitamin
B6 (4.10 mcg), A Vitamin (27,000.00 1U), B1 Vitamin (4.60 mg), B2 vitamin
(80.00 mg), D3 vitamin (5.400 IU), E vitamin (170,00 mg), K3 vitamin (7 mg),
B12 vitamin (80.00 mg), pantothenic acid (42.30 mg), folic acid (0.95 mg),
biotin (0.10 mg), choline (2,019.506 mg), Cu (800 mg), Mn (155.00 mg), zinc
oxide (3,846.00 mg), Co (1.00 mg), Se (0.88 mg), 1 (1.05 mg), niacin (75.00mg),
xylanase (4,430.00 mg) betaglucanase (5,370.00 mg), citric acid (350.00 mg),
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malic acid (20.00 mg), lactic acid (16.00 mg), tartaric acid (10.00 mg), niacin
(100.00 mg) , biotin (0.10 mg), Fe (336.00 mg), Mn (155.00 mg), Sodium
Saccharin (750.00 mg) and phosphoric acid (5,470.00)

*Initial base mixe Il - Levels per kg of product: antioxidant (1,000 mg), B6
vitamin (6.560 mg), A Vitamin (20.500 1U), B1 Vitamin (7.360 mg), B2 vitamin
(18.40 mg), D3 vitamin (4.10 1U), E vitamin (255.00 mg), vitamin K3 (10.50
mg), vitamin B12 (120 mg), pantothenic acid (63.000 mg), folic acid (1.90 mg),
biotin (0.160 mg), choline (2,274.245 mg), Cu (1,200 mg), Mn (232.50 mg),
zinc oxide (2,564 mg), Co (1.60 mg), Se (1.32 mg), | (1.89 mg), niacin
(75.00mg), xylanase (43,324.00 mg) betaglucanase (4,025.00 mg), citric acid
(262.00 mg), malic acid (15.00 mg), lactic acid (12.00 mg), tartaric acid (7.50
mg), Fe (504.00 mg), Sodium Saccharin (656.00 mg) and phosphoric acid
(4,100)

Table 2. Growth performance of piglets at 21-d and 35-d postweaning
supplemented with halquinol, prebiotic and probiotic.

NCO PCO MO BS MOBS

Ccv

) T

d21

ADG, g 434 402 383 442 393 16.50  0.59
ADFI, g 738 692 652 698 702 8.39 0.29
F.G 1.71 1.74 1.75 1.66 1.80 11.09 0.54

d35

ADG, ¢ 525 536 516 532 507 1032 0091
ADFlI, ¢ 921 912 896 907 902 6.98 0.97
F.G 1.75 1.71 1.75 1.71 1.78 4.86 0.61
ADG = average daily gain; ADFI = average daily feed intake; F:G = feed
conversion

! No significant differences (P > 0.05)

Diets: NCO = (negative control diet) halquinol, 200 mg/kg; PCO = (positive
control diet) antibiotic,c 200 mg/kg + challenge; MO = mannan-
oligosaccharides, 1,500 mg/kg + challenge; BS = B. subtilis, 5 x 10° cfu/kg +
challenge; MOBS = both additivies + challenge
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Table 3. Bacterial populations of lactobacilli and enterobacteria in the
duodenum, jejunum, ileum and cecum (cfu/g), in pigs at 21 d postweaning
supplemented with halquinol, prebiotic and probiotic? 2,

NCO PCO MO BS MOBS P=

Lactobacillus sp

Duodenum 2.74 1.49 1.60 2.98 243 0.28
Jejunum 2.60 2.50 1.65 3.13 3.85 0.13
fleum 2.08 1.59 1.81 1.63 2.46 0.60
Cecum 3.41 2.40 2.06 4.34 2.67 0.33
Salmonella sp

Duodenum 1.79 <1.0 3.88 2.15 2.15 0.24
Jejunum 1.17 <1.0 3.00 1.00 <1.0 0.09
fleum 1.87 1.48 4.15 <1.0 <1.0 0.43
Cecum 2.08 1.70 4.15 <1.0 <1.0 0.26

E. coli ETEC K88+

Duodenum 2.98 4.40 3.37 3.61 4.61 0.54
Jejunum 2.04 3.86 3.21 1.96 2.93 0.26
fleum 3.15 4.67 3.91 3.23 3.95 0.56
Cecum 2.76 4.59 3.03 3.91 4.15 0.67
Total E. coli

Duodenum 4.14 4.79 4.50 453 5.18 0.80
Jejunum 2.59 4.48 4.42 251 4.05 0.16
fleum 249 b 438a 594a 446a 450a 0.04
Cecum 3.35 441 3.54 4.46 4.56 0.77

% ®\Within a row, means lacking a common letter differ by Kruskal-Walis Test (P
< 0.05).

Diets: NCO = (negative control diet) halquinol, 200 mg/kg; PCO = (positive
control diet) antibiotic, 200 mg/kg + challenge; MO = mannan-

oligosaccharides, 1,500 mg/kg + challenge; BS = B. subtilis, 5 x 10° cfu/kg +
challenge; MOBS = both additivies + challenge
2The bacterial counts were log transformed and expressed as log10 cfu/g.
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Table 4. Concentration (mM) of SCFA and latic acid in pigs at 21-d
postweaning, supplemented with halquinol, prebiotic and probiotic?.
NCO PCO MO BS MOBS CV (%) P=

Cecum

Latic ac. 5.30 5.83 5.50 5.18 6.09 855 0.63
Acetic ac. 88.15 90.16 7222 78.07 90.05 13.88 0.65
Zgolp'on'c 26.11ab 35.89a 19.89b 19.64b 2695ab 14.46 0.02
Butiric ac. 27.25 26.73 30.73 2553 41.08 1934 041
Total 146.80 176.60 128.30 128.40 164.20 10.81 0.11
Colon

Latic ac. 4.52 6.19 5.12 6.26 5.73 11.16  0.15
Acetic ac. 81.03 99.07 8373 9563 86.41 11.22 0.57
Propionicac. 23.82 30.58 27.63 2495 26.98 11.30 0.52
Butiric ac. 32,18 38.82 3267 49.83 51.06 20.12 0.18
Total 14150 17470 164.90 176.70 170.20 9.79 0.44
*D_east squares means within a row lacking a common letter differ by SNK Test
(P <0.05).

Diets: NCO = (negative control diet) halquinol, 200 mg/kg; PCO = (positive
control diet) antibiotic, 200 mg/kg + challenge; MO = mannan-

oligosaccharides, 1,500 mg/kg + challenge; BS = B. subtilis, 5 x 10° cfu/kg +
challenge; MOBS = both additivies + challenge
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Table 5. Histological parameters, length and relative weight (RW) of small
intestine of pigs at 21-d postweaning supplemented with halquinol, prebiotic and
probiotic?.

NCO PCO MO BS MoBS C°Y p=
(%)
Small intestine
Length, cm 863b 759c 9.92a 10.12a 10.28a 7.04 <0.00
RW, % LW 426a 3.65ab 3.18b 3.86ab 4.31a 15.08 0.04

Duodenum

Crypt depth, um 331 355 300 299 360 756 0.17
Villus height, um 399 350 400 325 334 715 0.09
Width of villus, um 224 267 261 236 206 13.33 0.1
Villus:crypt ratio 1.21 1.00 135 111 0.94 999 0.06

Jejunum

Crypt depth, um 252 261 267 224 309 953 0.14
Villus height, um 319 319 280 283 341 593 0.08
Width of villus, um 271 258 191 294 301 20.42 0.46
Villus:crypt ratio 1.30 127 107 132 110 11.82 0.56

lleum

Crypt depth, um 250 202 230 185 275 10.39 0.06
Villus height, um 271b 335a 307ab 202c¢ 303ab 5.77 0.00
Width of villus, pum 249 225 175 150 277 12.87 0.06
Villus:crypt ratiot 1.10b 165a 1.34b 1.12b 116b 8.34 0.00
%P east squares means within a row lacking a common letter differ by SNK
Test (P <0.05).

Diets: NCO = (negative control diet) halquinol, 200 mg/kg; PCO = (positive
control diet) antibiotic, 200 mg/kg + challenge; MO = mannan-
oligosaccharides, 1,500 mg/kg + challenge; BS = B. subtilis, 5 x 10° cfu/kg +
challenge; MOBS = both additivies + challenge
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Figure 1. Appearance of villus in the ileum of PCO and BS groups, resectivel.
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TABELA 1A Andlise de variancia e coeficiente de variagdo para ganho de peso
médio diério de leitdes suplementados com promotor de crescimento, prebiotico
e/ou probidtico, durante as 3 primeiras semanas pds-desmame

Fonte de

S GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 7146,960000 1786,740000 0,389 0,8134
Tratamento 4 13248,560000  3312,140000 0,721  0,5900
Erro 16 73487,040000  4592,940000
CV(%) 16,50

10pcéo de transformacdo: Varidvel sem transformacéo ().

TABELA 2A: Anélise de variancia e coeficiente de variagdo para consumo de
ragdo médio diario de leitdes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, durante as 3 primeiras semanas pos-desmamel.

Fontede 0] oM Fc  ProFc
Var|aga0

Bloco 4 19061200000 4765300000 1396 02798
Tratamento 4 18367.600000 4591900000 1346 02962
Erro 16 54603200000 3412700000

CV(%) 8.39

10pcdo de transformacdo: Variavel sem transformacéo ().

TABELA 3A: Analise de variancia e coeficiente de variagdo para conversao
alimentar de leitdes suplementados com promotor de crescimento, prebidtico
e/ou probidtico, durante as 3 primeiras semanas pés-desmame?.

Fonte de

e GL SQ QM Fc  Pr>Fc
variacdo
Bloco 4 0,044856 0,011214 0,309 0,8677
Tratamento 4 0,115576 0,028894 0796  0,5449
Erro 16 0,580624 0,036289
CV(%) 11,09

10pcéo de transformacdo: Variavel sem transformagdo ().
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TABELA 4A: Andlise de variancia e coeficiente de variacdo para ganho de peso
médio diério de leitdes suplementados com promotor de crescimento, prebidtico
e/ou probidtico, durante as 5 semanas pos-desmamet.

Fonte de

S GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 7813,040000 1953,260000 0,670 0,6221
Tratamento 4 2819,840000 704,960000 0,242 0,9104
Erro 16 46636,160000  2914,760000
CV(%) 10,32

10pcéo de transformacdo: Varidvel sem transformacéo ().

TABELA 5A: Anélise de variéncia e coeficiente de variagdo para consumo de
ragdo médio diario de leitdes suplementados promotor de crescimento,
prebidtico e/ou probidtico, durante as 5 semanas pds-desmame?.

Fontede 0] oM Fc  ProFc
Var|aga0

Bloco 4 18541840000 4635460000 1156  0.3667
Tratamento 4 1876.640000 469160000 0117  0.9746
Erro 16 64174560000 4010910000

CV(%) 11,09

10pcdo de transformacdo: Variavel sem transformacéo ().

TABELA 6A: Analise de variancia e coeficiente de variagdo para conversao
alimentar de leitdes suplementados com promotor de crescimeto, prebiotico e/ou
probiético, durante as 5 semanas pos-desmame?.

Fontede sQ QM Fc  PrsFc
variacdo

Bloco 4 0,027856 0006964 0975  0,4482
Tratamento 4 0.019416 0004854 0680  0.6159
Erro 16 0.114224 0,007139

CV(%) 4.86

10pcéo de transformacdo: Variavel sem transformacao ().
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TABELA 7A: Andlise de variancia e coeficiente de variacdo para comprimento
de intestino delgado de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

S GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 4,383264 1,095816 2,555 0,0792
Tratamento 4 26,847784 6,711946 15,649  0,0000
Erro 16 6,862696 0,428919
CV(%) 7,04

10pcéo de transformacdo: Varidvel sem transformagéo ().

TABELA 8A: Analise de variancia e coeficiente de variacdo para peso relativo
de intestino delgado de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmame?.

Fontede 0] oM Fc  ProFc
Varla(}ao

Bloco 4 0,770905 0192726 0571 06875
Tratamento 4 4352135 1088034 3223 00404
Erro 16 5400710 0.337544

CV(%) 15.08

10pcdo de transformacdo: Variavel sem transformacéo ().

TABELA 9A: Andlise de variancia e coeficiente de variacdo para altura de
vilosidades do duodeno de leitdes suplementados com promotor de crescimento,
prebiotico e/ou probidtico, abatidos na 3% semana pos-desmamet.

Fontede o sQ QM Fc  Pr>Fc
variacdo

Bloco 4 4031226 1007807 0549  0.7027
Tratamento 4 17.239382 4309846  2.346  0.0986
Erro 16 29,392114 1,837007

CV(%) 715

10pcéo de transformacdo: Raiz quadrada - SQRT ()
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TABELA 10A: Andlise de variancia e coeficiente de variagdo para relacdo vilo:
cripta no duodeno de leitdes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

S GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 8,142628 2,035657 0,183  0,9437
Tratamento 4 120,454495 30,113624 2,711 0,0674
Erro 16 177,747336 11,109209
CV(%) 9,99

10Opcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 11A: Analise de variancia e coeficiente de variacdo para profundidade
de cripta no jejuno de leitdes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmame?.

Fontede 5 sQ oM Fc Pr>Fc
Varla(;ao

Bloco 4 4313952 1078488 0457  0.7662
Tratamento 4 18703556  4,675889 1981  0.1461
Erro 16 37772709  2.360794

CV(%) 9.53

10pcdo de transformacédo: Raiz quadrada - SQRT ().

TABELA 12A: Analise de variancia e coeficiente de variacdo para altura de
vilosidades no jejuno de leitbes suplementados com promotor de crescimento,
prebiotico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

e S GL sQ QM Fc Pr>Fc
variagdo
Bloco 4 7,380051 1,845013 1,709  0,1971
Tratamento 4 10,986848 2746712 2,545  0,0800
Erro 16 17,268560 1,079285
CV(%) 5,93

10pcéo de transformacdo: Raiz quadrada - SQRT ()
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TABELA 13A: Anélise de variancia e coeficiente de variacdo para largura de
vilosidades no jejuno de leitdes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

- GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 42,377251 10,594313 1,004 0,4343
Tratamento 4 39,712127 9,928032 0,941 0,4657
Erro 16 168,855727 10,553483
CV(%) 20,42

10Opcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 14A: Anélise de variancia e coeficiente de variagdo para relagéo vilo:
cripta no jejuno de leites suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmame?.

Fontede sQ oM Fe Pr>Fc
Varla(}ao

Bloco 4 64289858  16.072465 0958 04568
Tratamento 4 51024859 12756215 0761 05660
Erro 16 26835433 16772146

CV(%) 11,82

10pcdo de transformagdo: Raiz quadrada - SQRT ().

TABELA 15A: Anélise de variancia e coeficiente de variagdo para profundidade
de cripta no ileo de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pds-desmame?l.

Fonte de

e S GL sQ QM Fc Pr>Fc
variagdo

Bloco 4 8,007481 2,024370 0,832  0,5243
Tratamento 4 27,245577 6,811394 2,800  0,0616
Erro 16 38,927944 2,432997

CV(%) 10,39

10pcéo de transformacdo: Raiz quadrada - SQRT ().
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TABELA 16A: Anélise de variancia e coeficiente de variacdo para altura de
vilosidades no ileo de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

- GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 10,109058 2,527264 2,706 0,0677
Tratamento 4 48.822985 12,205746 13,069 0,0001
Erro 16 14,942883 0,933930
CV(%) 5,77

10Opcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 17A: Anélise de variancia e coeficiente de variacdo para largura de
vilosidades no ileo de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmame?.

Fontede sQ oM Fe Pr>Fc
Varla(}ao

Bloco 4 5.506487 1376622 0380 08196
Tratamento 4 30058448  9.764612 2,696 00685
Erro 16 57951858 3621991

CV(%) 12.87

10pcdo de transformacédo: Raiz quadrada - SQRT ().

TABELA 18A: Analise de variancia e coeficiente de variacdo para relacdo
vilo:cripta no ileo de leitdes suplementados com promotor de crescimento,
prebiotico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

e S GL sQ QM Fc Pr>Fc
variagdo
Bloco 4 49,071161 12267790 1,397  0,2795
Tratamento 4 205009189  51,252297 5837  0,0043
Erro 16 140483531  8,780221
CV(%) 8,34

10pcéo de transformacdo: Raiz quadrada - SQRT ().
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TABELA 19A: Andlise de variancia e coeficiente de variagdo para concentracdo
de &cido lactico no ceco de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamet.

Fonte de

- GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 0,401817 0,100454 2,484 0,0853
Tratamento 4 0,104433 0,026108 0,646 0,6379
Erro 16 0,647007 0,040438
CV(%) 8,55

10Opcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 20A: Andlise de variancia e coeficiente de variagdo para concentragéo
de é&cido lactico no célon de leitdes suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 32 semana pds-desmame?.

Fontede 0] oM Fc  ProFc
Varla(}ao

Bloco 4 0.320525 0080131 1172 03599
Tratamento 4 0.523825 0130956 1916 01568
Erro 16 1093565 0,068348

CV(%) 11,16

10pcdo de transformacédo: Raiz quadrada - SQRT ().

TABELA 21A: Andlise de variancia e coeficiente de variagdo para concentracdo
de é&cido acético no ceco de leitbes suplementados com promotor de
crescimento, prebidtico e/ou probi6tico, abatidos na 3% semana pds-desmame?.

Fonte de GL sQ QM Fc  Pr>Fc
variacdo

Bloco 4 9,014032 2478508 1567 02311
Tratamento 4 3.954019 0988505 0625 0.6516
Erro 16 25313478 1582092

CV(%) 13,88

10Opcéo de transformacdo: Raiz quadrada - SQRT ().
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TABELA 22A: Andlise de variancia e coeficiente de variagdo para concentragdo
de &cido acético no colon de leitdes suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 3% semana p6s-desmamel.

Fonte de GL sQ oM Fc  Profc
variacdo

Bloco 4 2,047545 0,511886 0,461 0,7633
Tratamento 4 3,276505 0,819126 0,738 0,5798
Erro 16 17,766767 1,110423

CV(%) 11,22

10pcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 23A: Andlise de variancia e coeficiente de variagdo para concentragdo
de é&cido propidnico no ceco de leitbes suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 32 semana pds-desmame?.

Fonte de GL 0] oM Fc  ProFc
Varla(}ao

Bloco 4 1709787 0427447 0818 05321
Tratamento 4 8,056169 2014042 3856 00223
Erro 16 8.357295 0.522331

CV(%) 14.46

10pcdo de transformacédo: Raiz quadrada - SQRT ().

TABELA 24A: Andlise de variancia e coeficiente de variacdo para concentracdo
de é&cido propiénico no colon de leites suplementados com promotor de
crescimento, prebidtico e/ou probi6tico, abatidos na 3% semana pds-desmame?.

Fonte de

e GL sQ QM Fc Pr>Fc
variagdo
Bloco 4 1,111129 0,277782 0821  0,5308
Tratamento 4 1,113806 0,278451 0823 0,529
Erro 16 5,415983 0,338499
CV(%) 11,30

1Opcéo de transformacdo: Raiz quadrada - SQRT (Y).
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TABELA 25A: Andlise de variancia e coeficiente de variagdo para concentragdo
de é&cido butirico no ceco de leitdes suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 3% semana pds-desmamel.

Fontede sQ oM Fe Pr>Fe
variacdo
Bloco 4 8,651621 2,162905 1,992 0,1443
Tratamento 4 4 573767 1,143442 1,992 0,4112
Erro 16 17,372181 1,085761
CV(%) 19,34

10Opcéo de transformacdo: Raiz quadrada - SQRT (Y).

TABELA 26A: Andlise de variancia e coeficiente de variagdo para concentragdo
de 4&cido butirico no célon de leitdes suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 32 semana pds-desmame?.

Fontede 0] oM Fc Pr>Fc
Varla(}ao
Bloco 4 9134203 2283551 1443 0.2655
Tratamento 4 11042753 2.760688 1745  0.1895
Erro 16 25320004 1582500
CV(%) 2012

10pcdo de transformacédo: Raiz quadrada - SQRT ().

TABELA 27A: Analise de variancia e coeficiente de variacdo para pH do
contetdo intestinal do ceco de leites suplementados com promotor de
crescimento, prebidtico e/ou probidtico, abatidos na 3% semana pds-desmame.

Fontede sQ QM Fc Pr>Fc
variacdo

Bloco 4 0,590456 0.147614 2120 01256
Tratamento 4 0.183496 0.045874 0,659 06294
Erro 16 1114224 0,069639

CV(%) 425

10pcéo de transformacdo: Variavel sem transformacao ().
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TABELA 28A: Andlise de variancia e coeficiente de variacdo para pH do

contetdo intestinal do co6lon de leitbes suplementados com promotor de

crescimento, prebidtico e/ou probi6tico, abatidos na 3? semana pds-desmame?.
Fonte de

- GL SQ QM Fc Pr>Fc
variacdo
Bloco 4 0,135224 0,033806 0,358  0,8348
Tratamento 4 0,240344 0,060086 0,636  0,6440
Erro 16 1,510936 0,094434
CV(%) 4,99

10pcéo de transformacdo: Varidvel sem transformacéo ().

TABELA 29A: Andlise de variancia e coeficiente de variagdo para concentragdo
de IgA muco-ileal de leitbes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmame?.

Fonte de
variagdo
Bloco

GL SQ QM Fc Pr>Fc

4 2091,727136 522,931784 0,062 0,9921

Tratamento 4 36460,167376 ~ 9115,041844 1,086 0,3964
Erro 16 134278,321224  8392,395077

CV (%) 13,22

10pcéo de transformacdo: Varidvel sem transformacao ().

TABELA 30A: Andlise de variancia e coeficiente de variagdo para concentracdo
de IgG sérico de leitdes suplementados com promotor de crescimento, prebidtico
e/ou probiotico, abatidos na 32 semana pds-desmame?.

Fonte de

e GL sQ QM Fc  Pr>Fc
variag¢ao
Bloco 4 10234,196816 2558549204 1,226 0,3389
Tratamento 4  16741,854976 4185463744 2,006  0,1422
Erro 16 33390,200264  2086,887516
CV(%) 20,47

10pcdo de transformacdo: Variavel sem transformacéo ().
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TABELA 31A: Andlise de variancia e coeficiente de variagdo para concentragdo
de IgM sérico de leitdes suplementados com promotor de crescimento,
prebidtico e/ou probidtico, abatidos na 3% semana pos-desmamet.

Fontede S oM Fc  ProFc
variagio

Bloco 4 87478.681456 21869670364 1348 02954
Tratamento 4  80077.694816 20010423704 1234 03358
Erro 16 250565530224 16222846201

CV(%) 24,50

10pcéo de transformacdo: Varidvel sem transformagéao ().



