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RESUMO

SUPLEMENTO ALIMENTAR PARA LEITOES NO PERIODO DE TRANSICAO
POS-DESMAMA: DESEMPENHO, COMPORTAMENTO, MORFOMETRIA E
MICROBIOTA INTESTINAL

AUTORA: Daniela Regina Klein
ORIENTADOR: Prof°. Dr. Vladimir de Oliveira

O pés-desmame ¢ um dos periodos de maior estresse na vida dos suinos, seja em fun¢do do
afastamento da mae, da adaptacdo a um novo ambiente ou com leitdes de diferentes leitegadas,
e o desafio de adaptagdo a uma alimentagdo sélida e ingredientes vegetais. Os objetivos da
presente tese foram comparar o desempenho, histologia intestinal e comportamento alimentar
em leitdes recebendo suplemento lacteo, e por meio de uma metanalise avaliar os efeitos de
caracteristicas das dietas na composi¢ao da microbiota intestinal em leitdes no periodo pds-
desmame. Foi realizada uma revisao de literatura sumarizando a composi¢ao do microbioma,
a importancia para manutenc¢ao da saude, influéncia da alimentacao e nutrientes, de situagdes
de estresse, e de promotores de crescimento e antimicrobianos na microbiota intestinal de
leitdes desmamados. Para o segundo artigo foram realizados dois experimentos avaliando o
efeito da oferta de um sucedaneo lacteo a leitdes recém-desmamados durante trés e quatro
dias, sobre o desempenho, morfologia e satde intestinal e comportamento. No terceiro artigo
foi realizada uma metanalise analisando o efeito de caracteristicas e composi¢ao da dieta na
composicao da microbiota intestinal. A composi¢cdo microbiota intestinal dos leitdes possui
influéncia na satde, nutricdo e desempenho dos animais, € a sua modulacdo por meio da
alimenta¢do ou aditivos mostra resultados promissores, contribuindo para a saude e
desempenho e também para a redugdo no uso de antimicrobianos na producdo animal. Os
experimentos do segundo artigo, utilizando leitdes desmamados aos 21 e 30 dias de idade,
recebendo duas dietas: ragdo solida; e ragdo solida + suplemento lacteo durante quatro e trés
dias ap6s o desmame. O fornecimento de suplemento lacteo para leitdes no periodo pos-
desmame ndo afetou o desempenho, o indice de diarreia ou o comportamento. Leitdes que
receberam o suplemento lacteo tiveram maior consumo de ragdo no segundo e terceiro dias
apds o desmame, e também apresentaram maior comprimento das vilosidades do duodeno e
placas de Peyer maiores. No estudo de metanalise foram avaliados o efeito da adigdo de
substancias moduladoras da microbiota intestinal na dieta e o efeito de subgrupos das
caracteristicas e composi¢do da dieta sobre os principais filos da microbiota intestinal de
leitdes desmamados. Os filos mais abundantes na composicdo da microbiota intestinal de
leitdes desmamados foram Firmicutes e Bacteroidetes, que ndo foi influenciada pela adi¢do
de substancias moduladoras nas dietas. Dietas com aveia, cevada, trigo e arroz mostraram
efeito na abundancia dos filos Bacteroidetes e Actinobacteria. Leitdes que ingeriram uma
maior quantidade de proteina apresentaram uma abundancia maior do filo Firmicutes,
enquanto nos com menor consumo de proteina o filo Bacteroidetes foi mais abundante.
Animais com consumo de energia metabolizavel menor apresentaram maior abundancia do
filo Firmicutes em sua microbiota intestinal.

Palavras-chave: Bem-estar. Metanalise. Microbiota intestinal. Salde intestinal.



ABSTRACT

PIGLETS FEED SUPPLEMENTATION IN THE POST-WEANING PERIOD:
PERFORMANCE, BEHAVIOUR, MORPHOMETRY AND GUT MICROBIOTA

AUTHOR: Daniela Regina Klein
ADVISOR: Prof®. Dr. Vladimir de Oliveira

Post-weaning is one of the most stressful periods in pigs' lives, either due to the removal from the
mother, adaptation to a new environment or different litters piglets, and the challenge to adapt to a
solid diet and vegetable ingredients. The aims of the present thesis were to compare the
performance, intestinal histology and feeding behaviour in piglets supplemented with milk replacer,
and with a meta-analysis evaluate the effects of diet characteristics and composition on post-
weaning piglets gut microbiota. A literature review summarised the composition of the microbiome,
the importance for health, and the influence of feed, stress situations, and growth promoters and
antimicrobials on weaned piglets gut microbiota. For the second article, two experiments evaluated
the effect of a milk replacer supplementation for newly weaned piglets, for three and four days, on
performance, intestinal morphology and health, and behaviour. In the third article a meta-analysis
analysed the effect of diet characteristics and composition on gut microbiota composition. The
composition of piglets gut microbiota influenced the health, nutrition and performance and, its
modulation by feeding or feed additives showed promising results, which contributed to the health,
performance and also reduce antimicrobials use in animal production. The experiments of the
second article, using piglets weaned at 21 and 30 days of age, feeding two diets: solid feed; and
solid feed + milk replacer for four and three days after weaning. The milk replacer supplementation
to post-weaning piglets did not affect performance, diarrhoea index or behaviour. Piglets
supplemented with milk replacer intake more feed on the second and third days after weaning, and
had longer duodenal villus and larger Peyer's patches. In the meta-analysis study were evaluated
the gut microbiota modulating feed additives, diet characteristics and composition effects on the
main phylum of weaned piglets gut microbiota. The most abundant phylum in weaned piglets gut
microbiota composition were Firmicutes and Bacteroidetes, which was not influenced by
modulating feed additives. Diets with barley, wheat and rice showed an effect on the abundance of
the phylum Bacteroidetes and Actinobacteria. Piglets which had intake a higher amount of protein
showed a higher abundance of the phylum Firmicutes, and in those intakes lower protein the phylum
Bacteroidetes was more abundant. Animals that intake less metabolizable energy had higher
abundance of Firmicutes in gut microbiota.

Keywords: Gut health. Gut microbiota. Meta-analysis. Welfare.



SUMARIO

1= APRESENTACAOQ .........cccoooieiieeiereeeieeeetees et esesies st es et es s s s sasses st ensssesnaesassnaesensnsssnsssansnens 10
2 - REFERENCIAL TEORICO...........coooiiooieieieceeieeseeeeeeeeesesees s sssaes s sssess s ssasn s sass s seenaans 12
2.1 O DESENVOLVIMENTO GASTROINTESTINAL DE LEITOES.......oooceeeeeeiereeeecierins 12
2.2 O EPITELIO INTESTINAL E A MANUTENGCAO DA SAUDE ........ooovoereeeeeeeeeeeereeereeane. 14
2.3 A MICROBIOTA INTESTINAL EM LEITOES ......ooieeeeeeeeeeeeeeeee e, 17

2.4 O PAPEL DA NUTRIGCAO NO DESENVOLVIMENTO DO TRATO GASTROINTESTINAL

........................................................................................................................................................... 19
3- ARTIGO I - PIGLETS’ GUT MICROBIOTA DYNAMICS ......oooiiiiiiiiciieiee e 22
4- ARTIGO II - PERFORMANCE, INTESTINAL MORPHOLOGY AND BEHAVIOR OF
WEANED PIGLETS SUPPLEMENTED WITH MILK REPLACER ...........cccoooiiiiiiiicen, 31

5- ARTIGO III - EFEITOS DA COMPOSICAO DA DIETA SOBRE A MICROBIOTA
INTESTINAL DE LEITOES DESMAMADOS: REVISAO SISTEMATICA E METANALISE 60

6 - CONSIDERACOES FINALS .....ooovieeteeeteeeeteteeeeeeeeeteseeseeees et eeese e s et sses et eeeeseeseeeese e s sseseeneenes 89
REFERENCIAS BIBLIOGRAFICAS .....cooovoeeeeeeeeeeeeeeeeeeeeeeseseseseeesesesesesesesesesasssesasassssessseseeenes 90

ANEXOS e 96



10

1 - APRESENTACAO

O desmame dos leitdes geralmente ocorre entre 3 ¢ 4 semanas de vida, quando a
maioria dos nutrientes ¢ ingerida através do leite. O desmame esta associado a mistura de
leitegadas e, também, causando estresse social e ambiental. Além disso, ocorre a troca de dieta
liquida para dieta solida, com ingredientes vegetais, necessitando se adaptar rapidamente a
essas novas condigdes, o que resulta em uma redugdo significativa da digestibilidade dos
nutrientes na primeira semana ap6s o desmame (LE DIVIDICH e SEVE, 2000).

O desmame precoce na suinocultura contribui para o aparecimento de disturbios
intestinais em leitdes, que sdo a principal causa da diminui¢do no desempenho e do
crescimento, da incidéncia de diarreias, e uso profilatico de antibioticos (FURBEYRE, et al.,
2017). Ele ¢ realizado numa idade em que a capacidade de resposta imune dos animais nao
esta totalmente desenvolvida. Além de alteracdes anatomicas e fisiologicas, ¢ comum verificar
falta de apetite, perda de peso, diarreias, morbidade e mortalidade, principalmente na primeira
semana pos-desmame dos leitdes (BARSZCA et al, 2011; MOESER et al., 2017,
GUEVARRA et al., 2018).

O estresse tipico do desmame leva a uma diminuicao da altura das vilosidades e um
processo inflamatorio persistente, possivelmente decorrente de alteragdes na estrutura das
células epiteliais, facilitando a infec¢do por patégenos (BURKHOLDER et al., 2008). O
desmame causa deterioragdo da barreira intestinal devido a hormdnios do estresse
cronicamente elevados e redugdo do consumo de ragao (SMITH et al., 2010; CAMPBELL et
al., 2013). A producao de muco lubrifica o intestino e protege o sistema imunoldgico, porém
agentes estressores podem reduzir as contagens de células caliciformes nas vilosidades
levando a uma reducdo na camada de muco e aumento suscetibilidade a infeccao
(JOHANSSON et al., 2013).

De um modo geral, os cuidados sugeridos para a reducdo das consequéncias do
desmame precoce priorizam os seguintes elementos: leitdo, ambiente, manejo e nutrigdo. A
nutricao ocupa papel relevante e uma rapida iniciagdo a alimentagdo € essencial para manter
a estrutura intestinal e desempenho de leitdes desmamados. Muitos dos problemas observados
nos leitdes recém desmamados sdo amenizados pelo fornecimento de dietas com adicdo de
antibidticos e/ou promotores de crescimento. Nos ultimos anos, diversos paises estdo
proibindo o uso de antibidticos como promotores de crescimento na produgdao animal,

seguindo as recomendagdes de 6rgaos internacionais, como a Organizagdo Mundial da Saude
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(OMS), devido ao risco de resisténcia bacteriana que afeta a diretamente a satide da populagao.
Assim, com a crescente e irreversivel proibicdo desses produtos na dieta de suinos, tem
aumentado consideravelmente o interesse na busca por alternativas que possam amenizar ou,
até mesmo, suprimir os impactos negativos que o desmame precoce tem sobre grande parte
dos leitdes (HEO et al., 2012).

Os objetivos deste estudo foram comparar o desempenho, incidéncia de diarreias,
histologia intestinal e comportamento alimentar em leitdes recebendo suplemento lacteo nos
primeiros dias pés desmame. E também por meio de uma metanalise avaliar os efeitos da
adi¢ao de moduladores da microbiota intestinal, do tipo de dieta, e a relacdo do consumo de
proteina bruta, energia metabolizével e lisina na composi¢ao da microbiota intestinal de leitdes
desmamados.

Os resultados que fazem parte desta tese estdo apresentados sob a forma artigos
cientificos. O primeiro artigo é composto por uma revisao de literatura que visou sumarizar a
composicao e diversidade do microbioma de leitdes, a importancia para manutencao da saude,
influéncia da alimentagdo e nutrientes, de situacdes de estresse, ¢ de promotores de
crescimento e antimicrobianos na microbiota intestinal. O segundo artigo, baseado em um
experimento, buscou avaliar o efeito da oferta de um sucedaneo lacteo sobre o desempenho,
incidéncia de diarreia, morfologia do trato gastrointestinal e comportamento de leitdes recém-
desmamados. O terceiro artigo, uma metandlise que visou analisar a composicdo da
microbiota intestinal de leitdes no pds-desmame em funcdo das caracteristicas nutricionais

das dietas.
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2 - REFERENCIAL TEORICO

2.1 O DESENVOLVIMENTO GASTROINTESTINAL DE LEITOES

O trato gastrintestinal dos suinos é um sistema complexo e de alta especialidade, cujas
principais funcbes, mas ndo as Unicas sdo: digestdo de alimentos e absorcao de nutrientes, e seu
desenvolvimento inicia entre 28 e 36 dias de gestacdo. Ap6s 0 nascimento, o intestino de
mamiferos passa por duas fases principais de desenvolvimento (KELLY e COUTTS, 2000):
uma envolve a preparagdo para a vida extrauterina, quando o colostro e o leite materno séo a
unica fonte de nutrientes. A segunda fase do desenvolvimento intestinal esta associada a uma
mudanca na capacidade digestiva do epitélio para utilizar eficientemente alimentos sélidos e
qguimicamente complexos. O intestino delgado pode ser comparado a um tubo, atingindo, em
média trés e cinco metros de comprimento, ao nascimento e ao desmame, respectivamente.
Também é o principal sitio de absorcdo de nutrientes, e uma importante zona de colonizagédo
por parte de agentes microbianos.

As caracteristicas estruturais dos tecidos que formam o intestino sdo semelhantes desde
0 duodeno até o ileo. O intestino delgado possui uma camada serosa externa, trés musculares,
uma submucosa e uma camada mucosa. A submucosa é constituida basicamente por tecido
conjuntivo, possui células glandulares secretoras, vasos sanguineos e tecido linfatico do
intestino (conhecido como sistema G.A.L.T (gut-associated lymphoid tissue)).

O G.A.L.T é basicamente formado por foliculos linfoides agregados como as placas de
Peyer do ileo, onde ocorre a inducdo das respostas imunes adaptativas (reconhecimento de
antigenos, ativacdo e diferenciacdo dos linfécitos T e B) contra antigenos imunogénicos no
intestino delgado. Os antigenos do Iumen intestinal sdo transportados para as placas de Peyer
por meio das células M (microfold cells), permitindo que células dendriticas e macrofagos
teciduais capturem esses antigenos para serem transportados até os foliculos linfoides (OHNO,
2016).

A mucosa, por sua vez, forma o revestimento interno intestinal e possui funcGes de
digestéo, absorcéo, secrecdo e também de protecdo intestinal (Figura 1). A mucosa do intestino
delgado é formada por trés camadas, sendo que uma delas, constituida de tecido conjuntivo
(lamina propria), que divide a camada de tecido muscular de outra, mais interna, formada por
apenas uma camada de tecido epitelial. A mucosa apresenta dobras que expandem
substancialmente a area de absorcéo intestinal. Esse formato resulta em duas regides distintas

denominadas criptas e vilosidades.
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Figura 1. Estrutura do epitélio intestinal (intestino delgado) de um suino.
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Fonte: Adaptado de Kong; Zhang e Zhang (2013).

As criptas, sdo invaginacbes do epitélio que abrigam células responsaveis por dar
origem as demais células que recobrem as vilosidades. As vilosidades, por sua vez, sdo
projecdes formadas por células absortivas e células secretoras. O epitélio intestinal nessa area
é caracterizado pela rapida proliferacédo de células nas criptas, seu turnover é rapido e continuo
e dura de quatro a cinco dias (Ql e CHEN, 2015). As criptas sdo formadas por células que
sofrem uma série de transi¢bes e que, em Ultima analise, diferenciam-se em quatro tipos de
células, podendo ser absorventes (enterdcitos) e/ou secretoras (células enteroendocrinas, células
caliciformes e células de paneth; ZHOU et al, 2017). Os enterdcitos constituem até 90% das
células epiteliais. As células de paneth migram para a base de criptas, enquanto que as células
enteroendoendocrinas e as células caliciformes migram as vilosidades (BARKER, 2014). A
proliferacéo, a diferenciacdo e a apoptose de células epiteliais intestinais desempenham papéis
importantes no intestino como desenvolvimento, manutencdo e recuperagdo de danos ao
epitélio intestinal (BARSZCA e SKOMIAL,, 2011).
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A camada de tecido epitelial da mucosa intestinal é fundamental para processos de
digestéo e absorcdo de nutrientes, controle do fluxo bidirecional de 4gua e eletrolitos e também
atua como uma barreira fisica de protecdo do intestino (WIJTTTEN et al., 2011). Enzimas
localizadas na borda em escova dos enterdcitos atuam na digestao final de alimentos, enquanto
transportadores localizados nas porgdes apical e basolateral da célula absortiva facilitam a
absorcdo e o fluxo bidirecional de &gua e eletrolitos (MOESER et al., 2017). As células
epiteliais sdo protegidas por uma camada mucina, células glicoproteicas, que também atuam
como primeira linha de defesa e protegem 0s animais de microrganismos patogénicos, toxinas
e antigenos que atingem o Iumen intestinal (XIONG et al., 2019a).

O sistema epitelial também abriga células imunes, incluindo células dendriticas, células
T, células B e macrdfagos, as quais funcionam em associacao estreita com as células epiteliais
para manter a homeostase intestinal (CHELAKKOT et al., 2018). O impacto do estresse do
desmame nos enterdcitos de leitdes desregula a expressao das proteinas envolvidas no ciclo do
acido tri carboxilico, na B-oxidacdo e na glicélise (XIONG et al, 2015). Também afeta a
expressdao de proteinas relacionadas com varios metabolismos celulares ou processos
biolégicos, como o metabolismo energético, lipidico e proteico, o transporte de ions, e
diferenciacdo e apoptose de células, afetando a proliferacdo de células epiteliais intestinais em
leitdes desmamados (YANG et al, 2016; WU et al, 2017).

2.2 O EPITELIO INTESTINAL E A MANUTENGCAO DA SAUDE

O epitélio gastrointestinal forma a maior interface com o ambiente externo. Proporciona
efetivamente uma barreira que limita seletivamente a permeabilidade das toxinas e antigenos
através da mucosa, mas permite a absorcao de nutrientes e &gua (POWELL, 1981). As células
epiteliais e a camada mucosa do intestino delgado fornecem a primeira linha de defesa para
proteger os leitdes desmamados de varios microrganismos nocivos, toxinas ou antigenos do
trato intestinal (CAMPBELL et al, 2013). As células epiteliais sdo as principais responsaveis
pela secrecdo de fluidos e absorcéo de nutrientes, além de fornecer uma barreira seletiva contra
antigenos nocivos do limen. A homeostase entre células epiteliais intestinais e células da
lamina prépria subjacente transfere sinais relacionados a imunidade para a imunidade
adaptativa local, que posteriormente ajuda a manter a imunidade do intestino (RIMOLDI, et al.,
2005).

A permeabilidade intestinal é regulada diretamente por proteinas de juncao firme (ou

tight junctions; XIONG et al, 2019b). Essas jungdes (também conhecidas como zonula
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occludens) fazem a ades&o mais apical de célula a célula entre células epiteliais e endoteliais
vizinhas (FARQUHAR e PALADE, 1963). Como o nome indica, atua como uma barreira fisica
cuja funcéo é impedir a passagem livre de ions e pequenos solutos através do espaco entre duas
células que interagem entre si.

Para criar esta barreira seletiva, as células utilizam tanto o mecanismo de transporte
transcelular como o paracelular. A via paracelular, regulada pelas junces firmes, é responsavel
pelo maior grau de aderéncia apical das células (GUMBINER, 1987). No entanto, ndo é uma
barreira impermeavel, mas sim que regula seletivamente o que atravessa o0 espago paracelular,
ou seja, possuem um papel central na regulacdo da permeabilidade intestinal e da difuséo de
ions e moléculas através da superficie epitelial (MITIC et al, 2000). Essas junc¢des tem recebido
a maior atencdo pelo seu papel na regulacdo da permeabilidade das mucosas em condicdes
normais e patolégicas (SU et al, 2009).

Uma ruptura na barreira da mucosa ou uma abertura das jungdes firmes inicia um
processo inflamatorio entre o Iimen e a superficie da mucosa (Figura 2). A parte a, em destaque
na figura, mostra a ruptura da barreira mucosa, que induz a hiperativacdo do sistema
imunoldgico da mucosa e provoca uma inflamacgéo crénica (AHMAD et al, 2017). Na parte b,
ocorre um vazamento do intestino em direcdo a lamina propria devido a abertura das juncdes
firmes. Esse vazamento pode ndo ser suficiente para induzir a inflamag&o da mucosa, podendo
antes induzir uma resposta imunitaria adaptativa devido a uma resposta do sistema imune. O
resultado final pode depender dos potenciais efeitos ndo funcionais das proteinas associadas a

barreira, modificadas em condig¢des inflamatdrias.
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Figura 2: Barreira fisica e bioquimica do epitélio intestinal para separar eficazmente os

antigenos luminais e o sistema imunitario das mucosas.
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O estresse do desmame reduz o nimero de celulas caliciformes e a produgéo de mucina,
interrompendo a funcdo da barreira epitelial, aumentando a permeabilidade intestinal, e
prejudicando as juncOes firmes, resultando em suscetibilidade a doengas (HU et al, 2013). O
dano causado na barreira intestinal em funcdo do desmame ndo consegue ser restaurado e
retornar aos niveis pré-desmame até sete dias apos o desmame (WANG et al., 2016).

O estresse do desmame pode induzir alteracbes morfologicas e fisioldgicas, como a
atrofia dos vilos e a hiperplasia das criptas (PLUSKE et al, 1997; BROWN et al, 2006), que
diminuem a capacidade de absorgdo e desempenho dos leitdes desmamados (LALLES et al,

2004). Atividades enzimaticas da borda em escova e a secrecdo de eletrdlitos no intestino
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delgado sdo utilizados como indicadores importantes de maturacao e capacidade digestiva em
leitdes desmamados (PACHA, 2000). Com a mudanca de dieta, as atividades das enzimas da
borda em escova, tais como lactase e maltase, sdo drasticamente reduzidas entre trés e cinco
dias apés o desmame (HEDEMANN e JENSEN, 2004). A méa absorcdo de nutrientes no
intestino delgado é exacerbada pela reducdo da absor¢do e secrecdo de eletrolitos em suinos

recém-desmamados, levando ao aparecimento de diarreias.

2.3 A MICROBIOTA INTESTINAL EM LEITOES

A microbiota intestinal desempenha papel importante na digestdo, as bactérias
colonizam os epitélios da mucosa ligando-se com as células epiteliais ou presentes nas camadas
de muco na base das vilosidades (EWING, 2009). A composicdo da microbiota varia de acordo
com a &rea de localizacéo no trato gastrointestinal do animal (KIM e ISAACSON, 2015). Nos
suinos sdo mais numerosas no ceco e no intestino grosso, onde participam nos processos de
fermentacdo, mas algumas espécies também estdo presentes no estomago e intestino delgado.

O microbioma é definido como uma comunidade microbiana caracteristica que ocupa
um habitat com propriedades fisico-quimicas distintas, ndo se referindo apenas aos
microrganismos envolvidos, mas também sua atividade e interacdo com o hospedeiro,
resultando na formacdo de nichos especificos (BERG et al., 2020). A riqueza de espécies da
microbiota caracteriza o microbioma gastrointestinal de individuos saudaveis (CHATELIER,
et al., 2013). O microbioma € importante na nutricdo, pois a maioria das bactérias vivem no
intestino, principalmente no célon (SENDER et al., 2016). Os nutrientes para manter o conjunto
de bactérias vem de alimentos ndo digeridos e parcialmente digeridos, que a microbiota
transforma em novas moléculas. Em humanos, por exemplo, quanto mais diversificada a dieta,
mais diversificado e saudével é o microbioma (HEIMAN e GREENWAY, 2016).

O desenvolvimento e a diversidade precoce da microbiota auxiliam no desenvolvimento
do sistema imunolodgico e na saude dos leitbes, mas ainda ha pouca informacao disponivel a
respeito da estrutura e funcdo do microbioma intestinal de leitdes no inicio da vida. Estudos
relacionando o peso corporal e a microbiota de leitdes desmamados, demostraram que 0S
animais mais pesados tinham maior diversidade de filos presentes na microbiota, comparados
aos animais mais leves (HAN et al., 2017).

Os filos mais abundantes sdo Bacteroidetes, Firmicutes, Proteobacteria e Actinobacteria
(GUEVARRA et al., 2018). Os Bacteroidetes consistem principalmente de bactérias gram

negativas, com caracteristicas fermentativas e com capacidade de modular o sistema imune de
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forma benéfica (COSTELLO et al., 2009), sendo os géneros bacterianos prevalentes séo
Bacteroides e Prevotella. O filo Firmicutes contém os géneros Lactobacillus e Clostridium que
sdo imunomoduladores e também abrigam espécies relacionadas a inducgéo de inflamagdo. O
filo Proteobacteria pode ser um indicativo de uma comunidade microbiana instavel, sendo parte
a espécie Escherichia coli, considerada uma bactéria comensal e a sua presenca em individuos
assintomaticos pode ser habitual, entretanto em altas propor¢fes podem estar associada a
alteracdes funcionais do trato gastrointestinal e diarreias (SHIN et al., 2015). E o filo
Actinobacteria engloba bactérias do género Bifidobacterium que possuem fungdes como a
producdo de vitaminas, a estimulacdo do sistema imunoldgico, a inibicdo de bactérias
potencialmente patogénicas (COSTELLO et al., 2009).

A composicdo de carboidratos da dieta suina muda abruptamente quando ocorre o
desmame e séo introduzidos alimentos complexos a base de vegetais. O colostro e o leite suino
contém nutrientes e componentes imunolégicos, incluindo carboidratos, lipidios e proteinas
(imunoglobulinas), bem como, oligossacarideos e bactérias, que possivelmente atuam como
sinais bioldgicos e modulam o ambiente intestinal e o status imunoldgico ao longo da vida
(TAO et al. 2010). O microbioma do leitdo lactante possui maior abundancia da familia
Bacteroides, associada a absorcdo e utilizagdo de lactose e galactose, monossacarideos e
oligossacarideos presentes no leite suino (FRESE et al., 2015).

Com o desmame e a necessidade de consumir uma dieta a base de principalmente
componentes vegetais, a composicdo e a capacidade funcional da microbiota passam a
hidrolisar polissacarideos ndo amilaceos (TAN et al., 2017). O microbioma do leitdo ap6s o
desmame possui maior abundancia da familia Prevotella, que aumenta a capacidade de
degradar a hemicelulose e fermentacdo de polissacarideos ndo amilaceos derivados de plantas
(LAMENDELLA et al.,, 2011; IVARSSON et al.,, 2014). A abundancia relativa de
Lactobacillus também aumenta em animais desmamados. Os lactobacilos foram recentemente
identificados como bactérias com a capacidade de utilizar monossacarideos e dissacarideos
derivados de plantas, e agucares simples do leite como lactose, porém ndo utiliza os agucares
complexos do leite (SCHWAB et al., 2011). Este género é reconhecido como uma bactéria que
utiliza carboidratos com numerosos genes que codificam uma ampla gama de capacidades
funcionais associadas ao transporte e utilizagéo de carboidratos (CAl et al., 2009).

Estudos sugerem que a microbiota intestinal pode ser modulada através dos nutrientes
da dieta, como a fibra, proteina e minerais. Um aumento moderado de fibra na dieta de leitdes

influencia a composicado da microbiota (ZHANG et al., 2016). No estudo leitdes lactantes foram
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submetidos a dietas com alfafa, que é rica em fibras insolUveis (celulose) e em fibras sollveis
(pectinas), beneficiando a populagdo microbiana intestinal.

A variacdo na fonte ou quantidade de proteina da dieta também pode beneficiar a
microbiota intestinal de leitdes. As fontes de proteina de origem vegetal (farelo de soja e farelo
de semente de algoddo) mostraram efeitos significativos no microbioma de leitdes
desmamados, regulando a microbiota e aumentando a propor¢édo de bactérias benéficas (CAO
etal., 2016).

Entre as substancias que podem ser usadas na modulacdo da microbiota, esta o 6xido de
zinco, que possui propriedades antibacterianas conhecidas, e sua aplicacdo em altas
concentracOes em dietas de leitdes desmamados, mostrou efeitos transitorios e duradouros sobre
o0 desenvolvimento da microbiota intestinal, afetando a composicéo e a atividade metabdlica,
prevenindo a diarreia pos-desmame (STARKE et al., 2014). Porém a utilizacdo do 6xido de
zinco esté sendo limitada, em fungdo da pouca absorcdo pelo animal e sua excrecdo em altas
concentracdes nos dejetos, resultando em problemas ambientais. Com a utilizag&o dos dejetos
como fertilizante, a concentracdo de zinco na camada superficial do solo aumenta, e o
escoamento e a lixiviacdo levam a contaminacdo de aguas subterrdneas e superficiais
(BONETTI, et al., 2021).

Apesar dos resultados promissores, mais estudos sdo necessarios para entender as
interacdes e os mecanismos envolvidos entre a composicdo da dieta e a composicdo da
microbiota intestinal de leitdes (GUEVARRA et al., 2019). O conhecimento da dindmica do
microbioma pode ajudar a manter a imunidade, melhorar o desempenho produtivo e 0 bem-

estar, além de possivelmente reduzir o uso de antimicrobianos no pés-desmame de leitGes.

24 O PAPEL DA NUTRICAO NO DESENVOLVIMENTO DO TRATO
GASTROINTESTINAL

Muitos dos problemas observados nos leitdes recém desmamados sdo amenizados pelo
fornecimento de dietas com adicéo de antibioticos promotores de crescimento. Contudo, com a
crescente e irreversivel proibicdo desses produtos na dieta de suinos em diversos paises,
principalmente na Unido Europeia, em funcdo dos riscos a saide humana em decorréncia do
surgimento de superbactérias com resisténcia a antimicrobianos. Com isso, tem-se aumentado
consideravelmente o interesse na busca por alternativas que possam amenizar ou, até mesmo,
suprimir 0s impactos negativos que o desmame precoce tem sobre grande parte dos leitdes
(HEO et al., 2012).
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Evidentemente a modulacdo da saude intestinal, via nutricdo, tem recebido grande
destaque. Assim, muitos estudos tém sido conduzidos com ingredientes funcionais, fitogénicos,
prebidticos e probidticos, acidos graxos e outros produtos, visando avaliar as possibilidades
dessas substancias contribuirem para reduzir os impactos negativos provocados pelo desmame
precoce. Além disso, em muitos casos, a ideia é utilizar aditivos como substitutos dos
antibidticos promotores de crescimento.

A literatura apresenta inumeros resultados demonstrando a importancia da ingestao de
alimento como um estimulo da homeostase da mucosa intestinal (PLUSKE et al., 1996;
PLUSKE et al., 2018). Animais ingerindo racdo apresentam reducdo do numero de células
intestinais de defesa e menor comprometimento da arquitetura intestinal. A permeabilidade do
intestino é comprometida quando ndo ha ingestdo de alimentos (SPITZ et al., 1996; MOSER et
al., 2017).

O baixo consumo de racdo sélida verificado no imediato periodo pés desmame é
apontado como um dos principais moduladores de alteracbes morfofisiologicas do intestino
(PLUSKE et al., 2018; MIDDELKOORP et al., 2018). Leitdes desmamados entre 3 e 4 semanas
de idade parecem sentir demasiadamente o impacto da retirada do leite materno, independente
de terem ou ndo acesso a ragdo sélida na maternidade (LE DIVIDICH e SEVE, 2000; VAN
DER MEULEN et al., 2010). Por essa razéo, toda a estratégia que venha estimular o consumo
dos leitBes recém-desmamadas é bem-vinda.

Estima-se que leitdes desmamados aos 21 dias de idade, nos quais o leite materno
representa 90% da ingestdo, precisariam ingerir 1100 gramas de leite in natura ou 210 gramas
de matéria seca lactea para atingir ganho de peso diario médio de 300 gramas, esperado na
ultima semana de lactagdo (LE DIVIDICH e SEVE, 2000). Em termos nutricionais, essa quantia
de leite equivale a 60, 62 e 85 g de lactose, proteina e gordura, respectivamente. Além disso, o
leite é fonte de inUmeras substancias que exercem efeito na homeostase do intestino delgado.

A ingestdo de mateéria seca na primeira semana pos desmama representa em torno de 60
a 65% daquela verificada na Gltima semana pré-desmama (LE DIVIDICH e SEVE, 2000). Isso
ocorre mesmo em situagdes nas quais os leitbes sdo alimentados com dietas de alta
digestibilidade. Em funcdo do baixo consumo é provavel que os leitdes experimentem um
periodo de balango energético negativo nos primeiros dias pos- desmama.

Outras estratégias nutricionais, como manipulagdo de niveis nutricionais das dietas e
introducgdo de programas alimentares alternativos, por exemplo, também podem colaborar para

reduzir o impacto do desmame precoce na salde e desempenho dos leitdes. A diversidade da
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dieta (disponibilizar mais de um tipo de dieta conjuntamente) pode estimular a curiosidade e o
consumo, pois aumenta a propor¢do de suinos que ingerem racd0 em comparacdo aos
alimentados com apenas uma dieta (MIDDELKOORP et al., 2018).

Baseado nas evidéncias de que a oferta simultdnea de duas dietas pode estimular o
consumo de leitBes lactentes, é possivel supor que a aplicacdo dessa estratégia na primeira
semana de creche também possa resultar em beneficios aos animais. Como enfatizado
anteriormente, o consumo de racdo no periodo de transicdo poOs-desmame exerce grande
influéncia na adaptacdo dos leitGes e na capacidade de enfrentar os diferentes desafios que

ocorrem nessa fase.
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Abstract

The gut microbiota has been a subject of great interest in recent years because the composition and
diversity are associated with the maintenance of piglets’ health and welfare. This review aims to summarise
the composition and diversity of piglet microbiome, the impact on health maintenance, influence of feed and
nutrients, impact of stress situations, and the effect of growth promoters and antimicrobials on gut
microbiota. The composition and diversity of microbiota are influenced by animal early experiences,
the appropriate development of microbiota is essential for intestinal function, and influence animal
health, growth and productivity. Interactions between the gut microbiota and the immune system help
maintain epithelial barrier, and protect from post-weaning diarrhoea pathogenies. After weaning, the piglets’
diet changes abruptly, affecting the microbiota and the physiology, but this can be modulated through
nutrients such as fibre, protein and minerals. Stress situations contribute to the appearance of
intestinal disorders, possibly changing the microbiota and epithelial cell structure, facilitating
colonisation of pathogenic bacteria, decreased performance and increase the use of antimicrobials. In
swine production, growth promoters and antibiotics are used to reduce mortality and morbidity, especially
in weaning piglets, reducing and controlling potential pathogenic bacteria, resulting in more feed intake and
body weight. Antimicrobial use reduces the entire gut microbial population; the replacers are probiotics,
prebiotics and organic acids, which helps maintain intestinal microbial populations, and inhibits
pathogenic bacteria development. Knowing the animal microbiome dynamics helps improve immunity,
productive performance and welfare, and also reduce the use of antimicrobials in animal production.

Keywords: antimicrobial, bacteria, gut, health, immunity, nutrition, metagenomic

Review Methodology: For this review study, we performed systematic searches of scientific manuscripts focussed on piglets’ gut
microbiota. We searched academic databases, such as Periodicos Capes, Science Direct, and Google Scholar. We searched for terms, such
as piglets’ gut microbiota, piglets’ intestinal microbiota, weaning piglets’ microbiota, piglets” gut microbiota and immunity, piglets’ gut
microbiota and nutrition, microbiota and growth promoters, microbiota and antimicrobials, among others.

Introduction

microorganisms that maintain a symbiotic relationshipwith
their host, including the relation between microbial cells and,
animal cells and systems.

The study of the gut microbiota, mainly by human
medicine, has shown its importance in health maintenance

Gut microbiota has been a subject of great interest in
recent years; the composition and diversity are closely
linked to physiological responses to diseases and
environmental challenges [1]. In the mammals, gut lives
from 500 to 1000 species of bacteria, and may contain
more than 100 times the number of own cells [2].
Therefore, the microbiota is defined as the set of
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processes. Gut microbiota is very relevant in the study of
diseases such as obesity, which can be determined by the
species in population, that is, bacteria can determine the
metabolic results of dietary nutrients [3, 4]. The balance of the
bacterial relationship in the human gut also makes it difficult
for autoimmune diseases, such as lupus [5], and even
neurological diseases such as depression [6].

A better understanding of the complex dynamics of the
gut microbiota provides important information to increase
productivity in farm animals. The advent of modern
genomic technologies, like genomic sequencing using 16S
rRNA, has profoundly expanded the knowledge and
possibilities of understanding the mechanisms of swine gut
microbiota [7]. The characterisation of the microbial
structure and functional capacities of the early-life piglet
intestinal microbiome are potential biomarkers and
therapeutic targets for the prevention of post-weaning
infections and improved productivity [2, 7].

The richness of bacterial species in microbiota
characterises the gut microbiota of healthy individuals [8].
The contribution of gut microbiota to swine health and
performance includes nutrient metabolism, immune
response stimulation, pathogen protection and epithelial
cell proliferation. For example, a decrease of short-chain
fatty acid-producing bacteria abundance, or changes in the
relative abundances of genus Lactobacillus and Prevotella,
after a virus infection on piglets, affect the transport and
metabolism of carbohydrates, amino acids and lipids, and
reduce defence mechanisms [9, 10]. More diversity in gut
microbiota can increase body weight gain in weaned
piglets, Han et al. [11] demonstrate that heavier animals
had more microbial richness when compared to the lighter.
The microbiome is important in nutrition because most
bacteria live in the gut, especially in the colon [12]. The
nutrients to maintain the bacteria pool come from
undigested and partially digested foods, which the bacteria
transform into new molecules. In humans, for example, a
more diverse diet results in more diverse and stable
microbiota [13]. In weaning piglets, more feed options can
improve the voluntary feed intake and increase the welfare,by
stimulate the curiosity, which is a natural characteristic
of pigs.

The microbiota matures with age and becomes more
stable [14]. In piglets the weaning is a very stressful period,
because the sow separation, adaptation in a new
environment, litter mixture, and a dramatic change in food
form [15]. This intense stress affects the microbiota,
favouring the development of pathogenic bacteria,
increasing the susceptibility of post-weaning diarrhoea [16],
and damaged and reduced gut villi and crypts [17, 18]. The
pathogenic species are controlled by the prophylacticuse
of antibiotics and feed growth promoters, but these
substances are banned in several countries around the
world, improving the importance to control and maintain the
animal gut microbiota [19].

The studies focussed on the intestinal microbiome of
swine show that microbiota interactions with diet or
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stress situations are very complex [20], and dependent on
the composition of the intestinal bacterial population.
Investigating the microbiome can help the animal nutrition
industry reduce the use of antibiotics and growth
promoters on feed. This review aims to summarise the
composition and diversity of piglet microbiome, the impact on
health maintenance, influence of feed and nutrients, impact
of stress situations and the effect of growth promoters
and antimicrobials on gut microbiota.

The development and composition of piglet
gutmicrobiota

The development of the digestive tract, and gut microbiota
depend on animal early experiences. During the birth,
piglets are exposed to a variety of bacteria in the vagina and
faecal contamination from sow or environment [2]. The
composition of the gut microbiota is not static and
changes over time [21], and many factors contribute to this
change, including physiological changes in the gut and, solid
feed intake [22]. The appropriate development of microbiota
is essential for intestinal function, and will influence animal
health, growth and productivity, including reducing the
incidence of infections, inflammatory and other immune
diseases [23].

The intestinal microbiota plays an important role in
digestion; bacteria colonise the mucosa epithelia by binding
with the epithelial cells or in the mucus layers present atthe
villi base [24]. The composition of the microbiota changes
according to the gastrointestinal tract area [2]. In pigs, the
largest bacteria populations and more diverse microbiota
are present in the large intestine, because fermentation
processes, but some species are also presentin the stomach
and small intestine.The stomach of pigs has very low
microbial activity due to the low pH, but the genus
Lactobacilli and Streptococci can adhere and colonise the
surface, especially in young pigs [24].The small intestineis
being composed of three parts: duodenum, jejunum and ileum,
and is where the enzymes act and the nutrients are absorbed
by the large presence of villi. And the large intestine
comprises the colon and cecum, where cellulose and
hemicellulose are partially degraded by the large microbial
population [24].

The predominant phyla in gut microbiota of the small
intestine and large intestine are opposite (Fig. 1a).
According to Zhao et al. [14], using samples of intestinal
segments’ content of 6-month-old pigs, the jejunum is
composed mainly of the phylum Proteobacteria (79.5%)
and Firmicutes (18.7%), and the ileum of Proteobacteria
(72.6%) and increases Firmicutes (25.7%). However, in
cecum, predominant phyla are Firmicutes (80.2%) and
Proteobacteria (12.7%), and in colon Firmicutes (76.4%),
Proteobacteria (13.2%) and Bacteroidetes (8.5%).

The relative quantifications of the phylum gut microbiota
composition from faecal samples of piglets in different ages
(Fig. 1b) were compared in studies of Zhao et al. [14] and
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Figure 1. Quantification of piglet gut microbiota phylum. a, Microbiota composition in different gastrointestinal segments.
b, Microbiota composition in faeces at different ages. Adapted from Zhao et al. [14] and Guevarra et al. [16].

Guevarra et al. [16]. Younger pigs have a more diverse
microbiota; after weaning and the introduction of solid and
plant-based feed, the microbiota becomes more stable and
less diverse. The predominant phylum in nursing piglets (21
days old) are Bacteroidetes (44.14%), Firmicutes
(41.01%), Spirochetes (9.87%) and Proteobacteria
(2.94%); and in weaned piglets (28 days old) are
Bacteroidetes (63.14%), Firmicutes (34.27%) and

57.24% in weaned piglets [16]. The early development and
diversity of the microbiota improves the development of
immune system and health of piglets, but little information is
still available with respectto the structure and function of gut
microbiota in piglets.

The influence of feed and nutrients on gut

Proteobacteria (1.79%) [16]. At 1 month of age, microbiota microbiota composition

is predominating by Firmicutes (73%), Proteobacteria
(16.3%) and Bacteroidetes(5%) [14]. At 2 months, feeding
with a solid diet formulatedbasically with plant ingredients,
phylum changes Firmicutes (93%), Proteobacteria (1.9%),
Bacteroidetes (0.9%) and Acidobacteria (4.1%) [14].
With 3 months old the microbiota remains stable
comparing with 2 months, having a slight increase in
Firmicutes (2.7%) and a reduction in Acidobacteria (2.8%) [14].
At the genus level, Prevotella and Lactobacillus were
predominant in the weaned piglets; and Bacteroides and
Prevotella in nursing piglets, and Prevotella abundance
increased from an average of 12.93%in nursing piglets to

The gut microbiome can synthesise, modulate and degradea
large number of small molecules, providing functional
complementation to host metabolism.The microbiota can
metabolise dietary components that cannot be metabolised by
the host, such as complex carbohydrates [20]. Besides,the
microbiota contributes to the production of primary
metabolites and modulation of secondary metabolites that
affect host physiology in multiple ways. Several of these
microbial metabolic pathways have been linked to host
physiology, including the production of fatty acids, vitamins,
neuroactive and amino acid metabolites, immune cell
development, neuronal regulation and nutrient digestion [25].



After weaning, the piglets’ diet changes abruptly, from a
milk-based feed, rich in fat and poor in carbohydrate, to a feed
using mostly plant-based products with high levels of
carbohydrate and low levels of fat.This change may reduce
proliferation of intestinal epithelial cells [26] and trigger the
succession process of gut bacteria [27]. The composition
and functional capacity of the microbiota change, and start the
hydrolyse of non-starch polysaccharides, such as xyloseand
mannose, which are found because of the inclusion of vegetal
ingredients on feed [28].The microbiome of nursingpiglets
has a significant enrichment of the Bacteroides family,
associated with the absorption and utilisation of lactose
and galactose [29, 30].

The greater abundance of the Bacteroides bacteria
family during nursing is because of milk monosaccharides
and oligosaccharides. And change to a greater abundance
of Prevotellaceae after weaning is because of hemicelluloses
in plant-based feed [31], indicating an adaptation to the
different diet composition after weaning [32]. Changes in
the amounts between phylum and family at weaning are the
result of a combination of multiple factors, such as the feed
chemical composition, the change to a solid diet, the stress of
separation from mother and litter, adaptation toa new
environment and other physiological factors [32].

After weaning the Prevotella genus has significant
increases, because of the fermentation of vegetal non-
starch polysaccharides to short-chain fatty acids [33]. In
humans, species of Prevotella spp. produce enzymes such as
3-glucanase, manase and xylanase, which can degrade
polysaccharides in the plant cell wall [34]. For example, one
of the biggest changes observed is in a Prevotella
population that has been present in piglets since birth, witha
low population which increases rapidly when a more
favourable diet is introduced after weaning [30].

The relative abundance of Lactobacillus also increased
in weaned piglets. Lactobacilli have recently been
identified as bacteria with the ability to consume vegetal
monosaccharides and disaccharides, as well as simple milk
sugars such as lactose, but do not consume complex milk
sugars [35].This genus is recognised by carbohydrate-
usingbacteria, associated with carbohydrate transport and
utilisation [36].With weaning, bacterial populations such as
family Prevotellaceae increased from less than 0.3% to
over 15% total, contributing to the concomitant decreasein
Bacteroidaceae [30].

Studies suggest that gut microbiota can also be
modulated through dietary nutrients, such as fibre, protein and
minerals. Generally, fibrous components are fermented by
fibre-degrading bacteria in the large intestine, resultingin the
production of short-chain fatty acids, like propionate and
butyrate. In nursing piglets’ diet, a moderate increaseof fibre
with alfalfa, which is rich in insoluble fibre (cellulose)and also
soluble fibre (pectin), increased the levels of propionate,
which is beneficial for gut microbiota [37]. A supplementation
with grape seed proanthocyanidin had increased
propionate production and regulated the gut microbiota,
especially reducing Firmicutes and increasing
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Bacteroidetes, and improved the lipid metabolism [38].
Diets using corn bran and wheat bran altering gut
microbiota and improving butyrate production [39],
increasing the proliferation and differentiation of mucosal
epithelial cells [11].

Variation in the dietary protein may also benefit the
intestinal microbiota of piglets. A moderate reduction of dietary
protein concentration increased the proliferation of benign
bacteria in the piglet large intestine, and enhancedthe ileal
barrier function [40, 41]. In contrast, a reductionof dietary
protein to 10% of crude protein affects negatively the gut
microbiota, ileal morphology and intestinal cell proliferation
[41]. Reduced dietary protein in a short period after
weaning can reduce post-weaning diarrhoea,but this can
compromise the animal performance [42]. In other study, a low
protein diet (173 g CP/kg) supplementedwith an ideal amino
acid pattern reduced post-weaning diarrhoea without
affecting production [43]. By other side, the excess of protein
for degradation, mainly in the large intestine, results in
additional metabolites, such as branched-chain fatty acids
(BCFA), but also potentially toxic products including
ammonia, amines and phenols, from deamination of amino
acids by Bacteroides spp., Propionibacterium spp. and
Streptococcus and Clostridium species [40].

Zinc oxide has known antibacterial properties, and its
application at high concentrations in weaned piglet diets has
great effects on gut microbiota development, affecting
composition and metabolic activity [44].The action powerof
zinc oxide to reduce diarrhoea and mortality is still
unclear, and it is speculated that high levels of zinc inhibit the
growth of pathogenic microorganisms in piglets’ intestine.
On the other side, uses of high concentration of zinc oxide in
diets result in a great environment risk; aseries of
countries, such as European Union member states and
China, have imposed strict restrictions on high levels of this
substance.

Feed and the ingredients used in piglets’ diets affect the gut
microbiota, reinforcing the importance of early
development and diversity. Despite promising results,
more studies are needed to understand the interactions and
mechanisms involved between diet composition and the
composition of piglet intestinal microbiota.

Impact of stress situations on gut microbiota

Piglets’ early weaning contributes to the appearance of
intestinal disorders, which are the main cause of decreased
growth performance and prophylactic use of antibiotics [45].
Diarrhoea in weaned piglets is mainly caused by
enterotoxigenic strains of Escherichia coli, which attach in the
digestive tract due to microbial imbalance caused by
feeding changes and transport stress.

Typical weaning stress leads to decreased villus height
and a persistent inflammatory process, possibly due to
changes in microbiota and epithelial cell structure,



facilitating colonisation of pathogenic bacteria [46].
Weaning causes intestinal barrier deterioration due to
chronically elevated stress hormones and reduced feed
intake [47, 48].

Recent studies have also shown that heat stress can
trigger changes in gut [49, 50]. Exposure to thermal stress
increases intestinal damage due to bowel ischemia and
hypoxia,resulting in greater permeability and morphological
changes such as reduced villus height and crypt depth [51].
The production of mucus lubricates the intestines and
prevents bacterial adhesion that can activate the immune
system and cause inflammation [52]. However, stressors
such as weaning, malnutrition and infection may reduce
goblet cell counts in the villi leading to an impaired mucus
layer and increased susceptibility to infection.These results
suggest that one of the mechanisms of heat stress is
increased intestinal permeability as well as immune and
metabolic dysfunction [53].

Impact of growth promoters and
antimicrobialson the gut microbiota

Today the conscious use of antibiotics is one of the most
important discussions that will impact world meat
production in the coming years. The use of molecules is
shared between veterinary and human, which can develop
antibiotic-resistant bacterial strains, which can become a
serious public health problem, as well as residues in meat
products and animal faeces [7].

Many developed countries, most in European Union, do
not allow the use of antibiotics as growth promoters. The
use of antibiotics at therapeutic levels for a short period of
time, or sub-therapeutic levels over a prolonged period,
increases the number of antibiotic-resistant bacteria in the
gastrointestinal tract [54].

In swine farming, growth promoting antibiotics are usedto
reduce mortality and morbidity, especially in weaning
piglets, improving performance and reducing production
costs. Its action is through modulation of the intestinal
microbiota, reducing and controlling the growth of potential
pathogenic bacteria, and healthy animals consume more
feed and gain more weight, improving performance [55].

Antibiotic use reduces the entire gastrointestinal
microbial population, and many species of bacteria are
harmless and essential for intestinal health.The challenge is to
find products that favour beneficial bacteria, such as
probiotics, prebiotics and organic acids, which replace the use
of antimicrobials as growth promoters.

The use of alternatives to antibiotics, such as prebiotics and
probiotics, has shown beneficial effects, such as the
production of antimicrobial substances, inhibition of
digestive diseases, increased balance of microbial population
in the gut and increased animal performance [2].

The probiotic action mechanisms include production of
substances that promote host immunity, competitive
exclusion of pathogenic bacteria and modulation of the
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intestinal microbiota [56]. Lactobacilli are members of lactic
acid bacteria and help shape the composition of theintestinal
microbiota. Lactobacillus salivarius, which produces the
bacteriocin Abp118, has been tested on pigs from 6 t010
weeks of age and has decreased the relative proportionof
bacteria in the phylum Spirochaetes [57].

Another alternative to the use of antibiotics is prebiotics,
food substances that are not digestible to the animal
organism and serve as a nutrient for the beneficial
microorganisms present in the gastrointestinal tract. The use
of fructooligosaccharide diet for piglets after weaning
resulted in reduced diarrhoea incidence, enterotoxigenic
E. coli concentration and mortality, and thus improved
performance [58].

Symbiotic use of prebiotics and probiotics helps to
manipulate intestinal microbial populations, lowering luminal
pH and stimulating the immune system, leading to the
production of antimicrobial substances inhibiting the
development of pathogenic bacteria [7]. Many studies
suggest that probiotics, prebiotics and their symbiotic
combination exert beneficial effects on piglets by
modulating the intestinal microbiota, but some studies have
not reported effects of supplementation on the gut bacterial
population [59, 60].

Due to the necessary restrictions on prophylactic use of
antimicrobials in diets, especially for piglets, it is necessary to
find more substitute alternatives and clarify the action
mechanisms from prebiotics and probiotics.

Relation of intestinal microbiota in piglet
healthmaintenance

Interactions between the gut microbiota and the host
immune system begin at birth. Microbiota shapes the
development of the immune system, which helps maintaina
stable microbial population [20, 25], normal functions and
permeability of the intestinal villi, regulate immune
responses and protect from pathogenic bacteria [61].Thus,
the weaning period is a crucial stage in pig life, as the gut
microbiota composition and the immune system are
underdeveloped, making piglets susceptible to pathogens
[62, 63], like enterotoxigenic E. coli, Cystoisospora suis,
Clostridium perfringens types A and C and rotavirus, leading to
post-weaning diarrhoea.

The immune system must learn to differentiate between
benign and pathogenic microorganisms, and develop a
response memory. Innate immune cells are preprogramed
and are always available as the first line of defence,
regardless of prior exposure to bacterial antigens, so they
are extremely important early in life when the acquired
immune system is developing [30]. Bacterial adherence in
the intestinal mucosa is necessary for its multiplication and
colonisation, but it may also start the establishment of
infectious diseases [24].

The weaning stress causes a gut microbiota imbalance
by a decrease in the representation of anaerobic bacteria,



and an increased relative abundance of facultative anaerobic
bacteria such as members of Enterobacteriaceae,taxonomic
family to which belong enterotoxigenic E. coli [64]. The
anaerobic bacteria balance is important for preserving
intestinal mucosal immunity, limits access to intestinal
epithelium, protecting and contributing to the maintenance of
the epithelial barrier, and integrity of epithelial cells [25, 65].
This gut microbiota imbalance in post-weaning piglets
characterises a dysbiosis. The process leading to dyshiosis
and gastrointestinal infections is, at this moment, poorly
documented in piglets [62].

There are several hypotheses for explaining weaning
dyshiosis, like the decrease in gut microbial diversity affects
the mucous membrane glycans, which protect the gut
epithelium from pathogenic microorganisms [66]. Other is
an increase in intestinal permeability; the intestine uses
diffusion, passive, active and endocytosis mechanisms to
limit the entry of toxins and antigens and allow absorptionof
nutrients and water [67]. Tight junctions make the greatest
selective regulation of permeability during the diffusion
mechanism [68]. With gut permeability damage,the infection
by enterotoxigenic bacteria like E. coli (adherence on
enterocytes and releasing enterotoxins on the cells) or
Clostridium perfringens (anaerobic bacteria which uses
starch and lactose and produces two toxins:enterotoxin
A which contributes to diarrhoea, and C causes
intestinal haemorrhage and death). Or also by
protozoan Cystoisospora suis (the digestion process
activates sporozoites which enter to the enterocytes) or by
virus Rotavirus (virus enters the enterocyte and impactsthe
osmosis) is facilitated.

Also, the feed change and the stresses occurring at
weaning promote intestinal inflammation and increase the
concentration of oxygen and gut host-response producing
nitric oxide, which intestinal lumen is rapidly transformed into
nitrate facilitating the growth of enterotoxigenicstrains of E.
coli [69]. Wei et al. [70] in a study with piglets reported an
increased concentration of reactive oxygen species in the
intestine coupled with an expansion of the
E. coli population one week after weaning.

Early exposure of the gastrointestinal tract to a varietyof
bacteria by feed or environment is important for the
immunity development. However, some components are
dynamic, biologically and metabolically flexible, varying
according to environmental stresses or feed changes,
altering the composition of microbiome species that may
influence health maintenance [71].

Final considerations

The composition and diversity of piglets’ gut microbiota are
still being established, but the influence on health, nutrition,
and performance of the animals are known. Maintaining
a healthy microbiota helps reducing diarrhoea and
increases the performance in weaning piglets.
Modulating the microbiota by feed shows promising
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results, but further studies are needed to understand the
interactions and mechanisms involved between diet
composition and the composition of piglet gut microbiota.
Knowing the animal microbiome dynamics helps improve
immunity to infections, productive performance, and welfare,
and may also reduce the use of antimicrobials in animal
production.
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Summary text for the Table of Contents

At weaning the piglets are subjected to nutritional, environmental and social
stress, which affect productive performance and increased susceptibility to diseases.
The supply of a milk replacer in post-weaning not affect performance, diarrhea index
and behavior, therefore the duodenum villus are longer and Peyer's patches larger,
indicating increase in immune activity. Thus, feed the newly weaned piglets with a

milk replacer can contribute to start feed intake faster, promote health and welfare.
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Abstract

Context: In the post-weaning piglets are exposed to nutritional, environmental and
social stress, affecting negatively the gut health and the performance, which can be
minimized with faster feed intake on the nursery.

Aims: This study aimed to evaluate the effect of offering a milk replacer on
performance, diarrhea incidence, intestinal histology and behavior in newly weaned
piglets.

Methods: Two experiments were conducted: the first study used piglets weaned at
an average age of 30 days and an average weight of 9.40 kg; and the second
experiment used piglets weaned at 21 days and an average weight of 6.88 kg. The
animals were distributed in a completely randomized design with two treatments: F —
pre-starter | diet; and F+MR — pre-starter | diet + milk replacer. Daily feed intake
(DFI), average daily weight gain (ADG), and feed conversion ratio (FCR) were
measured at zero, 3, 7, 14, 21, and 28 days (and 35 days in the second experiment)
after weaning. The daily feed intake was measured from day 1 to 14 after weaning
(Experiment 1), and from day 1 to day 7 (Experiment 2). The diarrhea index was
calculated in both experiments. In Experiment 1, gut samples were collected for
morphological analyses. For the behavior analysis in Experiment 1, the animals were
observed for 2 h per day on days 1, 4, 6, 9 and 12 after weaning.

Key results: The supply of a milk replacer in post-weaning piglets did not affect
performance, diarrhea index or behavior. Feed intake showed linear growth until 2

weeks after weaning, and piglets supplemented with milk replacer had greater feed
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intake on the second and third post-weaning days. Piglets fed milk replacer had a
greater duodenum villus length and larger Peyer's patches.

Conclusions: The supplementation with a milk replacer in weaned piglets did not
affect performance, diarrhea and behavior, however increase feed intake on first
post-weaning days, and increase gut immune activity.

Implications: Our study suggests that a supplementation with a milk replacer on the
first 3 or 4 days after weaning can help stimulate faster feed intake and improve gut

health in piglets.

Keywords: Gut health, Lactose, Microbiota, Piglets feed intake, Post-weaning,

Swine production, Weaning, Welfare

Introduction

At weaning, piglets are subjected to nutritional, environmental and social
stress (Pluske et al.,1996). These stressors result in low growth rates and changes in
gut morphology, which affect productive performance and increase susceptibility to
diseases. Changes may occur in small intestine cell structure, such as villous atrophy
and crypt hyperplasia, and in cellular epithelium mitosis rate (Pluske, 2001).
Furthermore, early weaned piglets find it more difficult to acidify the gastric contents,
which can increase the proliferation of pathogenic bacteria (Lalles et al., 2007) and
decrease the digestive and absorptive capacity, resulting in post-weaning diarrhea.

The piglet diet post-weaning abruptly changes from high fat and low
carbohydrate milk to a solid high carbohydrate and low fat diet. This can reduce
intestinal epithelial cell proliferation and intestinal dysbiosis (Gresse et al., 2017). So,

quickly starting feed intake after weaning is essential to maintain the intestinal
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structure and performance of piglets and reduce antibiotic use. Feeding two diets
simultaneously can contribute to this end. In addition, having the opportunity to select
their diet can restore, at least partially, the pigs' innate exploratory behavior and
reduce post-weaning stress, contributing to their welfare in the post-weaning period.

Several nutritional methods have been studied to minimize weaning losses,
some of which have been widely implemented in practice, such as feeding high
lactose post-weaning diets. Lactose is a milk disaccharide and is the main source of
carbohydrates of neonatal mammals. Even though endogenous lactase activity in
pigs declines before weaning, its use after weaning should be considered as it
facilitates post-weaning adaptation, improving gut health and metabolism (Zeng et
al., 2013; Liu et al., 2018). Milk replacers, which are usually offered during the
maternity phase to supplement feeding and help adapt the piglets for weaning, are
basically composed of bovine milk derivatives (milk powder and whey) and vegetable
components (starch, and wheat and soy proteins; Amdi et al., 2021). However, a
considerable number of piglets do not eat solid or liquid feed before weaning
(Bruininx et al., 2002), and thus the supplementation of dairy substitutes in the post-
weaning period helps their adaptation, facilitating feed intake and improving
performance.

Supplementing or providing lactose sources, such as milk replacers, can help
improve the intestinal health of weaned piglets. The benefits of lactose
supplementation after weaning are better digestibility and nutritional quality, which in
turn improve performance (Pierce et al., 2006). This study aimed to evaluate the
effect of offering a milk replacer on performance, diarrhea incidence, intestinal

histology and behavior in newly weaned piglets.
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Material and methods

The experiments were approved by the Ethics Committee on Animal Use of
the Federal University of Santa Maria (CEUA/UFSM), No. 9669161020, in
compliance with Law 11.794 of October 8, 2008, and Decree 6899 of July 15, 2009,
as well as the standards issued by the National Council for Control of Animal
Experimentation (CONCEA-Brazil).

Two experiments were conducted to evaluate the influence of a milk replacer
as feed supplement on the first post-weaning days of piglets weaned at 21 and 30
days of age, on their performance, gut health and behavior. The first study used
piglets weaned at an average age of 30 days and an average weight of 9.40 kg. As
the milk replacer did not influence the performance of these animals, the second
experiment used lighter animals i.e. piglets weaned at 21 days and an average

weight of 6.88 kg.

Animals and facilities

In Experiment 1, 60 weaned piglets (30 females and 30 males), with an
average age of 30 days and an average live weight of 9.4 £1.22 kg, were used. The
animals were distributed in 20 pens (separated by sex), in a completely randomized
design. Each pen measured 1 m? and was equipped with semi-automatic feeders and
drinkers. The air temperature and relative humidity were kept at a level to maintain
thermic comfort for each age.

In Experiment 2, 60 weaned piglets (30 females and 30 males), with an
average age of 21 days and an average live weight of 6.88 £ 0.71 kg, were used. The

animals were distributed in 20 pens in the same facilities as in Experiment 1. The air
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temperature and relative humidity were kept at a level to maintain thermic comfort for

each age.

Treatments

The animals in Experiment 1 were distributed in two treatments: F — pre-
starter | diet; and F+MR — pre-starter | diet + milk replacer during the first 3 post-
weaning days. Apart from the milk replacer, the feeding program was the same for all
animals: pre-starter | (1 to 7 days), pre-starter 1l (8 to 21 days) and starter (22 to 28
days). The diets and milk replacer composition were formulated according to the
NRC recommendations (NRC, 2012; Table 1). Feed and water were available ad
libitum.

The treatments in Experiment 2 were: F — pre-starter | diet; and F+MR — pre-
starter | diet + milk replacer for 4 days after weaning. Apart from the milk replacer,
the feeding program was the same for all piglets: pre-starter | (1 to 7 days), pre-
starter 1l (8 to 21 days) and starter (22 to 35 days). Feed and water were available for
ad libitum intake.

In both experiments, during the period of milk replacer supply, two feeders
were provided per pen in each treatment, and after this period one of the feeders was

removed from each pen.

General procedures

The animals were fed at 6 am and feed replacement was performed
when necessary throughout the day, in order to ensure feed was always available for
the piglets. The facilities were cleaned twice a day by scraping the waste out of the

pens and washing with water.
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Sample collection

The performance variables, daily feed intake (DFI), average daily weight gain
(ADG), and feed conversion ratio (FCR), were calculated by quantifying the feed
leftovers and weighing the animals at zero, 3, 7, 14, 21, and 28 days (and 35 days in

the second experiment) after weaning in both experiments.

In Experiment 1, daily feed intake was measured from day 1 to 14 after
weaning, and in Experiment 2 it was measured from day 1 to day 7. The calculation
was performed by recording the amount of feed supplied and weighing the leftovers
in the feeder daily at 6 pm. The amount of milk replacer consumed daily was also
measured during the supply period in each experiment, by recording the amount of

feed supplied and weighing the feed trough leftovers at 6 pm.

In both experiments, visual assessment of feces was performed daily in the
morning and afternoon for 21 days of the experiment, assigning consistency scores
from 1 to 3 for each animal (1 = solid/normal feces, 2 = pasty feces, and 3 = liquid
feces). A score of 3 indicated the occurrence of diarrhea. In the periods 1 to 3 and 4
to 7 days post-weaning for Experiment 1, 1 to 4 and 5 to 7 days post-weaning for
Experiment 2, and 1 to 7, 8 to 14 and 15 to 21 days post-weaning in both
experiments, the diarrhea index was calculated according to the methodology

proposed by Pan et al. (2017):

number of animals with diarrhea X number of days with diarrhea

Diarrhea index (%) = ( ) x 100

total number of animals X total observation days
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In Experiment 1, 6 animals from each treatment were slaughtered 8 days after
weaning for histological collection of 1-cm portions of the intestine (central portions of
the duodenum, jejunum, and ileum) and measurement of intestinal villus length and
Peyer's patch sizes (GALT). The samples were collected after slaughter, washed in
saline solution and fixed in formalin, for subsequent preparation of slides for analysis
under an optical microscope.

Following the slaughter of animals for the histological samples, each pen
housed two piglets until the end of the experimental period.

In the behavior analysis in Experiment 1, animals were observed for 2 h per
day (1 h between 09:00 and 11:00, and 1 h between 14:00 and 16:00) on days 1, 4,
6, 9 and 12 after weaning (Colson et al., 2006). With the help of monitoring cameras,
a trained observer viewed the recorded videos and evaluated the behavior of the
animals in each pen every 10 minutes, observing the frequencies of feed and water
intake, resting, exploration, belly-nosing and aggression. There was a minimum
interval of 15 minutes before starting the observation if the animals had been handled
or any management practices had been carried out immediately prior to the behavior

analysis.

Statistical analyses

The data on weight, daily feed intake, daily weight gain and feed conversion
showed normality according to the Shapiro-Wilk test and homogeneous variances
according to the Barlett test. The initial piglet weight was tested as a covariate, but
was not significant (P>0.05); likewise sex had no significant effect. Thus, the means

of the treatments were compared by Student’s t test at the 5% significance level.
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Daily feed intake at 14 days post-weaning in Experiment 1, and at 7 days post-
weaning in Experiment 2, was analyzed by regression analysis.

Nonparametric Chi-square tests were used to analyze the diarrhea index at
the 5% significance level. Similarly, gut morphology data and behavioral measures
between treatments were analyzed using the Mann-Whitney U-test at the 5%

significance level.

Results
Performance

In Experiment 1, piglets receiving milk replacer had 55% higher intake than
piglets in the control group, with most (73%) of this increase due to the consumption
of milk replacer (Table 2). However, the increased intake of milk replacer did not
translate into weight gain, which was 35% lower in the F+MR piglets. Interestingly,
there was no significant correlation between milk replacer intake and ADG (-0.46
between supplement intake and ADG in the first week post-weaning). In the period
between the 4" and 7t day post-weaning, piglets with access to milk replacer
maintained their feed intake and gained less weight, while their feed conversion
(FCR) was worse than that of the control group (P>0.05). During the other periods,
and considering the whole experimental period, there were no significant differences
in performance between treatments.

In Experiment 2, with piglets weaned at 21 days, there were no significant
differences in performance between animals that received F and those that received
F+MR for 4 days post-weaning (Table 3). Milk replacer intake averaged 15.10 g per

day per animal, representing 7.37% of daily food intake. During the other periods and
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considering the whole period, there were no significant differences in performance

between treatments.

Daily feed intake

Daily feed intake in Experiment 1 was evaluated for 14 days after weaning,
and showed a linear increase (P<0.05; Fig. 1(a)). An increased feed intake ratio of
71.31 g and 70.09 g per post-weaning day was observed, with a coefficient of
determination (R?2) of 0.81 and 0.77 for the F and F+MR treatments, respectively.
Considering the differences in daily feed intake between treatments (Fig. 1(b)), there
was greater feed intake on the second and third post-weaning days for piglets
receiving the milk replacer.

In Experiment 2 (Fig. 2 (a)) there was a linear increase in feed intake of 55.86
g and 50.41 g at 7 days post-weaning, and a coefficient of determination (R?) of 0.81
and 0.79, for the F and F+MR treatments respectively. Milk replacer intake (Fig. 2

(b)) over the 4 days of supply was constant.

Diarrhea score

Milk replacer supply did not affect feces consistency during Experiments 1 and
2 (Table 4). In Experiment 1 diarrhea was recorded during the first 7 days after
weaning, whereas in Experiment 2 there were no records of diarrhea during the first 3

days after weaning, but there were sporadic records until 21 days post-weaning.

Intestinal morphology
The villus length in the duodenum was greater in animals supplemented with

milk replacer (P<0.01), while the villus length in the jejunum and ileum was greater in



43

piglets from the control treatment (P<0.05; Fig. 3). As for the area and perimeter of
Peyer's patches, piglets in the F group had small and numerous plaques, and piglets

in the F+MR group had large and infrequent patches.

Behavioral measurements

There were no differences in behavior between treatments during the
experimental period (Fig. 4). The post-weaning piglets spent most of their time
resting, feeding and exploring the environment. Over time there were differences in
the behaviors of resting, such that on day 9 there was a reduction in the percentage
of time spent resting compared to day 6 (P<0.05), and in exploring, such that on day
6 there was a decrease in resting compared to day 1 (P<0.05) and on day 9 there

was an increase when compared to the other days (P<0.05).

Discussion
Performance measures

Increasing lactose levels in piglet diets can improve the palatability of the diet,
because it is an easily digested/fermented component in the gut of weanling piglets,
resulting in higher apparent nutrient digestibility (O'Doherty et al., 2010). The
fermentation of lactose in the intestine produces lactic acid, which reduces the pH of
the stomach, facilitating digestion by increasing the action of pepsin (Beasley et al.,
2015).

Lactose is fermented by the gastrointestinal microbiota preferentially
compared to other dietary fibers, and may generate a prebiotic effect (Bach, 2012).
This prebiotic effect is achieved when dietary lactose is not digested and is used as a

substrate for the fermentation of bacteria, leading to the development of bacteria and
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metabolites that improve pig health. With reduced endogenous lactase action in
weanling piglets, digestion of this nutrient decreases, and it thus serves as a
substrate for the fermentation and production of lactic acid and volatile fatty acids,
which are beneficial for gut health and metabolism (Zeng et al., 2013; Liu et al.,
2018).

There are many lactose sources used in diets for newly weaned piglets, such
as pure lactose, different whey powder presentations, skim milk powder, and other
dairy products, which can impact performance in different ways. Piglets weaned at 14
days and weighing 4.4 kg that received a diet with 20% dry whey powder showed
better performance compared to other lactose sources, due to better protein quality
and palatability (Nessmith et al., 1997).

In the present study, the lack of better performance of piglets that received the
milk replacer compared to those that received only feed may be due to the quality of
the feed provided, which is rich in dairy products, and the composition of the
supplement, which was not exclusively a dairy product. The consumption of the
supplement may have led to the ingestion of a greater amount of lactose, which may
have affected the intestinal microbiota of the piglets. High levels of lactose in piglet
diets (29.5%) can lead to negative responses caused by excessive fermentation of
lactose by the gut microbiota, leading to a gut osmotic imbalance (Pierce et al.,
2005).

The intestinal microbiota of piglets weaned at 23 days and fed exclusively on a
commercial pig milk powder substitute, analyzed in fecal samples, mainly comprises
two phyla, that is, 61.4% Firmicutes and 32.4% Bacteroidetes at weaning, and 46%
Firmicutes and 47.3% Bacteroidetes 4 days after weaning (Poulsen et al., 2017). In

the small intestine 1 week after weaning, the microbiota of piglets fed milk replacer is
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mainly composed of the phyla Firmicutes (51.5%), Proteobacteria (46%) and
Bacteroidetes (1.1%), and the genera Lactobacillus (25.5%) and Enterobacteriaceae
(34.8%; Poulsen et al., 2017). In piglets of the same age receiving breast milk, the
microbiota is mainly composed of Firmicutes (92.9%), Proteobacteria (3.2%) and
Bacteroidetes (2.1%), including the genera Lactobacillus (64%) and
Enterobacteriaceae (0.4%; Poulsen et al., 2017). The genera Lactobacillus is part of
the phylum Firmicutes, and is associated with the fermentation of dairy components
in the diet. The higher abundance of the genera Enterobacteriaceae in animals
receiving dairy replacer encompasses enterogenic species of Escherichia coli, which
is an intestinal pathogen that causes most post-weaning diarrhea in piglets. Another
study showed an association between feeding cow's milk-based milk replacer and an

increase in Enterobacteriaceae in the neonatal period (Yeruva et al., 2016).

Intestinal morphology

The stress of the weaning period leads to morphological and
physiological adaptations in the gastrointestinal tract, such as villus atrophy and crypt
hyperplasia (Hampson, 1986; Campbell et al., 2013). Following the change in diet,
the activities of brush border enzymes such as lactase and maltase are dramatically
reduced between 3 and 5 days after weaning (Hedemann and Jensen, 2004),
resulting in a temporary decrease in the digestive and absorptive capacity of the
small intestine (Pluske et al.,1997) that often leads to post-weaning diarrhea. In
animals that received the milk replacer, the height of the villi in the duodenum was
greater, whereas the height of the villi in the jejunum and ileum was greater in the
piglets that received the control diet only. In an analysis of the effect of lactose on

intestinal morphology Pierce et al. (2006) found no difference in villus height and
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crypt depth in piglets weaned at 21 days of age and mean weight of 7.8 kg when fed
diets with 15% or 33% lactose.

Peyer patches are un-encapsulated lymph node-like structures formed by
aggregates of lymphoid follicles with germinal centers of T and B lymphocytes, i.e.,
they are directly associated with the GALT (lymphatic tissue associated with the
intestine) and development of the immune system. In Peyer patches, there is
induction of adaptive immune responses against immunogenic antigens in the small
intestine. Animals in the control treatment had small and numerous Peyer patches,
whereas the piglets that received milk replacer had large and less numerous patches.
The changes in the animals supplied with milk replacer may indicate an increase in
immune reactivity. The hyperplasia of Peyer's patches is due to the activation of
lymphoid follicles in response to the development of pathogenic bacteria, as occurs
with enterogenic Escherichia coli infection (Stuyven et al., 2010) by increase the
genus Enterobacteriaceae in animals receiving milk replacer (Poulsen et al., 2017).
The use of milk replacer as feed supplement indicates a non-pathogenic effect on the
intestinal microbiota presented by Peyer patches adaptive immune response without
affecting piglets’ performance, which may cause by the increase in the genus

Lactobacillus by lactose fermentation (Poulsen et al., 2017).

Behavioral measures

In the study of piglet behavior, the average amount of time spent on the feeder
was similar among treatments throughout the evaluation period. Numerically, the
means were lower on days 1 and 6, which can be attributed to the fact that on day 1

the animals were adapting to the environment and new diets after weaning, and on
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day 6 it can be attributed to the removal of the additional feeder at the end of day 4,
when the milk replacer supply stopped.

The amount of time spent resting during the first days after weaning (day 1, 4
and 6) was higher than on subsequent days. In this phase, this behavior may be an
indication of chronic stress (Colson et al., 2006). Exploratory behavior was observed
more frequently on day 1, reflecting adaptation to the new environment. The average
number of fights was slightly higher on the first days after weaning, due to the piglets'
adaptation to the new installation and the development of the new social hierarchy
(Colson et al., 2006). Belly-nosing was observed on days 1 and 4, being numerically
higher in the F group. Weaning induces this type of behavior in piglets (Fraser, 1978),
and during the first days after weaning this behavior is indicative of social and feeding

stress (Li and Gonyou, 2002; Gardner et al., 2001).

Conclusion

The supplementation with a milk replacer in post-weaning piglets did not affect
performance or feed intake in the initial 2 weeks of the nursery phase, when linear
growth was observed. The diarrhea index and piglet behavior were also not affected
by the supply of milk replacer post-weaning. Piglets fed milk replacer had a greater
duodenum villus length and large and sparse Peyer's patches relative to the control,

indicating an increase in immune activity.
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Table 1 - Calculated nutritional composition of the feed and milk replacer offered to the

weaned piglets (values are expressed on a natural matter basis).

Pre- Pre- )
Composition Starter |  Starter | 11 Starter Milk Replacer
Metabolic energy (kcal/kg) 3560 3400 3350 3250
Lactose (%) 10,50 5,60 0 20,00
Total calcium (%) 0,84 0,84 0,75 0,70
Total phosphorus (%) 0,67 0,66 0,61 0,35
Standardized phosphorus (%) 0,45 0,43 0,38 0,26
Sodium (%) 0,36 0,34 0,25 0,35
Crude protein (%) 19,64 19,4 18,19 18,50
Digestible lysine (%) 1,45 1,37 1,26 1,37
Arginine (%) 1,33 1,29 1,13 1,28
Histidine (%) 0,53 0,5 0,41 0,50
Isoleucine (%) 0,85 0,8 0,68 0,78
Leucine (%) 1,65 1,54 1,31 1,54
Methionine (%) 0,44 0,46 0,45 0,50
Methionine+Cystine (%) 0,78 0,76 0,7 1,08
Phenylalanine (%) 0,96 0,91 0,78 0,90
Phenylalanine+Tyrosine (%) 1,67 1,6 1,37 1,70
Threonine (%) 0,86 0,82 0,75 0,81
Tryptophan (%) 0,27 0,24 0,2 0,23

Valine (%) 0,99 0,92 0,76 0,94




53

Table 2 - Performance of piglets weaned at 28 days of age fed or not with a milk

replacer on the first 3 days after weaning (Experiment 1).

Variable F F+MR SEM P-value
Weight (kg)
BWi (kg) 9.34 9.42 0.272 0.900
BWf (kg) 25.43 25.00 0.534 0.702
1 to 3 days
DFI (9) 201.61 313,59 20,810 0,002*
DFI_F (g) 201.61 231,33 19,473 0.372
DFI_MR (g) 0.00 82,25 11,641 0.001**
ADG (9) 139 92 21,138 0,260
4 to 7 days
DFI (9) 541.58 489.12 20.994 0.220
ADG (9) 411 341 23.284 0.148
1to 7 days
DFI (g) 395.88 373,85 15,834 0.697
ADG (9) 295 235 17.733 0.090
FCR 1.38 1,59 0,082 0,001*
8 to 21 days
DFI (9) 1035.38 1050.93 32.256 0.817
ADG (9) 711 714 12.811 0.910
FCR 1.67 1.68 0.040 0.884
22 to 28 days
DFI (g) 1159.39 1205.50 28.945 0.441
ADG (g) 754 743 16.579 0.749
FCR 1.54 1.62 0.029 0.198
1 to 28 days
DFI (g) 906.51 918,31 20.210 0,564
ADG (g) 575 557 11,498 0.455
FCR 1.58 1,64 0.024 0.131

F: control treatment, piglets feded with pre-starter | feed on the first four post-weaning days; F+MR:
treatment were piglets feded with pre-starter | feed and milk replacer on the first four post-weaning days;
SEM: standard error of the mean; BWi: initial body weight; BWi: final body weight; DFI: daily feed intake;
DFI_F: daily feed intake of feed on the first three days after weaning; DFI_MR: daily milk replacer intake
of feed on the first three days after weaning; ADG: average daily weight gain; FCR: feed conversion
ratio. *Difference between treatments detected by Student's t-test at 5% significance level; **Difference
between treatments detected by Student's t-test at 1% significance level.
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Table 3 - Performance of piglets weaned at 21 days of age fed or not with a milk

replacer on the first 4 days after weaning (Experiment 2).

Variable F F+MR SEM P-value
Weight (kg)
BWi (kg) 6.94 6.82 0.158 0.714
BWf (kg) 23.35 23.61 0.339 0.710
1to 4 days
DFI (9) 199.66 205.37 8.684 0.752
DFI_F (g) 199.70 190.30 8.747 0.605
DFI_MR (g) 0 15.10 2.397 0.000*
ADG (g) 143.17 158.00 14.818 0.630
5to 7 days
DFI (9) 361.55 349.19 10.780 0.580
ADG (9) 306.66 277.77 11.874 0.233
1to 7 days
DFI (9) 280.61 277.28 7.833 0.838
ADG (g) 213.23 209.33 11.325 0.868
FCR 1.32 1.31 0.033 0.935
8 to 21 days
DFI (9) 805.92 828.01 18.989 0.575
ADG (9) 549.14 566.24 13.945 0.554
FCR 1.47 1.46 0.014 0.847
22 to 35 days
DFI (9) 938.40 973.72 17.098 0.314
ADG (g) 519.09 531.14 13.938 0.677
FCR 1.82 1.84 0.031 0.660
1 to 35 days
DFI (g) 674.97 693.00 11.041 0.429
ADG (g) 469.94 480.81 7.790 0.500
FCR 1.43 1.44 0.011 0.849

F: control treatment, piglets feded with pre-starter | feed on the first three post-weaning days; F+MR:
treatment were piglets feded with pre-starter | feed and milk replacer on the first three post-weaning
days; SEM: standard error of the mean; BWi: initial body weight; BWi: final body weight; DFI: daily feed
intake; DFI_F: daily feed intake of feed on the first four days after weaning; DFI_MR: daily milk replacer
intake of feed on the first four days after weaning; ADG: average daily weight gain; FCR: feed conversion
ratio. *Difference between treatments detected by Student's t-test at 1% significance level.
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Table 4: Effect of milk replacer on the first 3 post-weaning days on the diarrhea index

(Experiment 1) and of milk replacer on the first 4 post-weaning days (Experiment 2).

Experiment 1

Experiment 2

Period F (%) F+MR (%)  P-value Period F (%) F+MR (%) P-value
1 to 3 days 36.67 40.00 0.628 1 to 4 days 0 0 1
4 to 7 days 7.50 3.33 0.193 5to 7 days 4.44 1.11 0.152
1to 7 days 40.00 30.47 0.158 1to 7 days 1.90 0.47 0.350
8 to 14 days 0 0 1 8 to 14 days 1.90 4.28 0.331
15 to 21 days 0 0 1 15 to 21 days 0.47 0.47 1

No diferences in treatmets by Qui-Squared test at 5% significance level (P>0,05).
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Figure captions:

Figure 1: Daily feed intake during the 14 post-weaning days of piglets weaned at 28
days of age (a) and daily feed and milk replacer intake per treatment during the first 3

days after weaning (b) in Experiment 1.

Figure 2: Daily feed intake during the 7 post-weaning days of piglets weaned at 21
days of age (a) and daily feed and milk replacer intake per treatment during the first 4

days after weaning (b) in Experiment 2.

Figure 3: Duodenum, jejunum and ileum villus length and area and perimeter of ileum
Peyer patches in piglets weaned at 28 days with and without milk replacer

supplementation during the first 3 post-weaning days (Experiment 1).

Figure 4: Behavior of piglets weaned at 28 days of age with and without milk replacer

supplementation during the first 3 post-weaning days (Experiment 1).
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Figure 1: Daily feed intake during the 14 post-weaning days of piglets weaned at 28
days of age (a) and daily feed and milk replacer intake per treatment during the first 3
days after weaning (b) in Experiment 1.
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*Difference between treatments by t-Student test at 5% significance level (P<0,05).

Figure 2: Daily feed intake during the 7 post-weaning days of piglets weaned at 21
days of age (a) and daily feed and milk replacer intake per treatment during the first 4
days after weaning (b) in Experiment 2.
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*No differences between treatments by t-Student test at 5% significance level (P>0,05).



58

Figure 3: Duodenum, jejunum and ileum villus length and area and perimeter of ileum

Peyer patches in piglets weaned at 28 days with and without milk replacer

supplementation during the first 3 post-weaning days (Experiment 1).
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F: control treatment, piglets feded with pre-starter | feed on the first four post-weaning days; F+MR:
treatment were piglets feded with pre-starter | feed and milk replacer on the first four post-weaning days.
*Significant difference by Mann-Whitney U test at 5% significance level between treatments (P<0.05);
**Significant difference by Mann-Whitney U test at 1% significance level between treatments (P<0.01).
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Figure 4: Behavior of piglets weaned at 28 days of age with and without milk replacer

supplementation during the first 3 post-weaning days (Experiment 1).
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No significant difference between treatments by Mann-Whitney test between treatments. *Difference
between observation days by Kruskal-Wallis test at 5% significance. d1, d4, d6, d9, d12 = days 1, 4, 6,
9, and 12 after behavior observations were made, respectively.
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EFEITOS DA COMPOSICAO DA DIETA SOBRE A MICROBIOTA INTESTINAL
DE LEITOES DESMAMADOS: REVISAO SISTEMATICA E METANALISE

RESUMO

A presente revisdo sistematica de literatura e metanalise teve o objetivo de avaliar os
efeitos da adicdo de moduladores da microbiota intestinal, do tipo de dieta, e a relacdo do
consumo de proteina bruta, energia metabolizavel e lisina na composicdo da microbiota
intestinal de leitdes desmamados. A pesquisa de literatura foi realizada buscando artigos
publicados entre 2015 e 2022, nas bases de busca da Science direct, Web of Science e PubMed
utilizando os termos: “Microbiota”, “Microbiome”, “Gut microbiota”, “16SrRNA”, “Weaning
piglets”, “Weaned piglets”. Foram encontrados 112 artigos, que passaram por uma triagem
seguindo critérios de inclusdo, sendo selecionados sete artigos para extracdo dos dados. A base
de dados continha informacdes sobre a dieta, informagdes experimentais e os resultados da
analise da composicdo da microbiota intestinal. A metanalise foi conduzida utilizando duas
abordagens: 1) avaliacdo do efeito da adi¢do ou ndo de substancias moduladoras da microbiota
intestinal na dieta sobre os principais filos da microbiota intestinal; e 2) o efeito de subgrupos
definidos pelas caracteristicas e composi¢cdo da dieta na média geral dos principais filos da
microbiota intestinal. Os filos mais abundantes na composi¢do da microbiota intestinal de
leitdes desmamados foram Firmicutes e Bacteroidetes, com medias de 43,18% e 43,07%,
respectivamente. Ndo houve efeito significativo da adicdo de substancias moduladoras da
microbiota intestinal nas dietas e do consumo de lisina na abundancia dos filos. Em dietas com
aveia, cevada, trigo e arroz na composi¢do ocorreu um aumento na abundéncia dos filos
Bacteroidetes e Actinobacteria. Leitbes que ingeriram uma maior quantidade de proteina por
peso vivo metabolico apresentaram uma abundancia maior do filo Firmicutes, enquanto nos
com menor consumo o filo Bacteroidetes foi mais abundante. Animais com consumo de energia
metabolizavel menor que 512 kcal/kg PV apresentaram maior abundancia do filo Firmicutes
em sua microbiota intestinal. Os resultados demonstram que os principais filos que compdem a
microbiota intestinal de leitbes desmamados sdo Firmicutes e Bacteroidetes, dietas com base
em milho e soja e com menor consumo de proteina apresentam menor abundancia do filo
Firmicutes na microbiota intestinal.

Palavras-chave: Bacteroidetes, Consumo proteina, Consumo energia, Firmicutes.
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1 INTRODUCAO

O trato gastrointestinal dos mamiferos abriga um complexo ecossistema, incluindo
bacteérias, virus, fungos, protozoarios e arquea, formando a microbiota intestinal. A microbiota
intestinal desempenha papéis fundamentais no metabolismo, imunidade, fisiologia e
desempenho do seu hospedeiro (LIM et al., 2016, LARSEN e CLAASSEN, 2018).

A microbiota intestinal dos leitdes inicia sua formacdo ao nascimento e passa por
variacdes na sua composicao ao longo da vida e do trato gastrointestinal, em funcéo da dieta,
ambiente e situacOes de estresse. Um dos periodos de maior estresse na vida dos suinos € o
desmame, seja em funcdo do afastamento da mée, da adaptacdo a um novo ambiente ou com
leitbes que ndo sdo da mesma leitegada, e principalmente, por uma grande mudanca na
alimentacdo (FOWLER e GILL, 1989). Somando o estresse intenso e o sistema imune ainda
em desenvolvimento, o equilibrio das populac6es bacterianas intestinais é afetado, favorecendo
o0 crescimento de bactérias patogénicas, aumentando a suscetibilidade dos leitbes a diarreia pos-
desmame (GRESSE et al., 2017).

Durante o desmame, a dieta dos leitdes muda abruptamente de um leite com alto teor de
gordura e poucos carboidratos, para um alimento solido com alto teor de carboidratos e baixo
teor de gordura, com ingredientes a base de plantas. Essas mudangas resultam em alteracdes
nas abundancias dos filos e géneros que compdem a microbiota intestinal dos leitdes. Por
exemplo, na microbiota de amostras coletadas no reto de leitdes lactantes predominam os filos
Bacteroidetes (44,14%), Firmicutes (41,01%) Espiroquetas (9,87%) e Proteobacteria (2,94%;
GUEVARRA et al., 2018). Enquanto que em leitdes uma semana pos-desmame os filos
Bacteroidetes (63,14%), Firmicutes (34,27%) e Proteobacteria (1,79%) sé@o mais abundantes
(GUEVARRA et al., 2018). A mudanca na abundancia dos filos em leitGes no periodo pds-
desmame é um indicativo de adaptacdo a dieta com carboidratos e proteinas de origem vegetal.

Compreender melhor as interacbes e 0s mecanismos de acdo entre a dieta e a
composi¢do da microbiota intestinal de leites pode fornecer informagfes importantes para
melhorar a salide e a produtividade, e reduzir o uso de antibioticos na producdo. Dessa forma,
0 objetivo desta revisao sistematica de literatura e metanalise foi avaliar os efeitos da adi¢do de
moduladores da microbiota intestinal, do tipo de dieta, e a relagdo do consumo de proteina
bruta, energia metabolizavel e lisina na composicdo da microbiota intestinal de leitdes

desmamados.
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2 MATERIAL E METODOS

2.1 REVISAO SISTEMATICA E SELEGAO DOS ESTUDOS

A pesquisa sistematica de literatura para este estudo foi realizada buscando artigos
publicados entre 2015 e 2022, nas bases de busca da Science direct, Web of Science e PubMed
através do Portal de Periddicos CAPES (https://www.periodicos.capes.gov.br/). As pesquisas
foram feitas através da combinacdo das palavras-chave: “Microbiota”, “Microbiome”, “Gut
microbiota”, “16SrRNA”, “Weaning piglets”, “Weaned piglets”. A sele¢do dos artigos seguiu
0s seguintes critérios: 1) artigos cientificos revisados por pares publicados no periodo definido
na pesquisa de artigos; b) informagdes sobre a composicao das dietas utilizadas nos estudos; c)
analise da microbiota intestinal por meio da técnica de 16SrRNA, na regido V3-V4 do RNA
ribossémico, de amostras fecais coletadas frescas ou no reto de leitdes apds o desmame.

Foram encontrados um total de 112 artigos na pesquisa de revisdo sistematica. Apos a
triagem dos estudos seguindo os critérios de inclusdo, foram removidos 105 documentos,

permanecendo sete artigos para extracdo dos dados (Figura 1).
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Figura 1. Diagrama da pesquisa, triagem e extracao dos dados da literatura cientifica.
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[ 7 artigos atenderam os critérios de inclusdo da revisdo sistematica. ]

2.2 ELABORACAO DA BASE DE DADOS

A base de dados foi elaborada e armazenada em uma planilha eletrénica contendo as
informacdes retiradas da metodologia e dos resultados de cada artigo selecionado. As variaveis
coletadas relativas ao artigo foram autores, ano de publicacéo, titulo do artigo, local da pesquisa

e periddico de publicacdo. As informagdes sobre a dieta extraidas foram a composicédo
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nutricional e os principais ingredientes utilizados na elaboracdo das dietas. Nos casos em que a
quantidade de energia da racdo utilizada no estudo estava disponivel em MJ/kg, a mesma foi
convertida para Mcal/kg multiplicando pela taxa de converséo de 0,239.

Também foram extraidas as informac6es experimentais como os tratamentos utilizados,
namero de animais utilizados no estudo, linhagem dos animais, peso vivo ao desmame e idade
ao desmame. E, quando disponiveis no estudo, também foram extraidos os dados do
desempenho dos leitdes (consumo medio diario, ganho médio diario e conversdo alimentar).

Para a analise da composicdo da microbiota intestinal foram extraidos o tipo de coleta
para analise, 0 nimero de coletas e os resultados de abundéncia dos filos. Os dados da
composi¢do da microbiota intestinal apresentados em graficos nos artigos selecionados foram
extraidos utilizando o software WebPlotDigitizer. Os detalhes e caracteristicas dos estudos

incluidos na base de dados estdo apresentadas na Tabela 1.

Tabela 1. Detalhes dos estudos incluidos na metanalise.

Ne Idade Peso Coleta

Autores Animais Tratamento Desmame desmame(kg) microbiota
Controle e 50, 100 e 150

Wei et al., 2022 96 mg/kg de Procianidinas de 21 6,48 + 0,26 Retal
semente de uva.
Controle, Antibidtico

Han et al., 2018 144 ~Promotor -de crescimento, g 8,08+ 0,12 Fecal
Acido orgéanico e Combinacdo
de 4cidos organicos.

Huang et al., 2020 g9~ Conwole e dieta com ) 5,77 + 0,23 Fecal
ingrediente fermentado.

Luise et al., 2020a 32 Controle. 25 5,46 + 0,31 Fecal

Trckovaetal, 2018 45  controle, 20 g/kg leonarditee g 9,58 + 0,92 Retal
20 g/kg lignite.

Li et al., 2020 ggp  Controle e 50 mg/kg extrato - og 9,89 + 0,12 Retal
Macleaya cordata.

Luise et al., 2020b 144 Controle. 26 6,45+0,11 Fecal

O peso vivo estimado dos leitdes no dia da coleta das amostras para analise da
composi¢do da microbiota intestinal, foi calculado a partir do ganho de peso médio diério
(GMD (kg)) multiplicado pelo numero de dias do desmame até a coleta das amostras, somando
com o0 peso Vivo dos leitbes ao desmame, para os estudos que continham os dados de GMD no
periodo experimental. A partir do peso vivo estimado foi mensurado o peso vivo metabolico

estimado, elevando o valor do peso estimado em 0,75. Apds, a proteina bruta da dieta (PB (g)),
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lisina (g) e a energia metabolizavel (EM (kcal)) foram divididas pelo peso metabdlico estimado
(PV27), a fim de calcular a relacio de PB (g) e EM (kcal) por peso vivo metabdlico, ou seja,
consumo de PB g/kg PV%™, consumo de lisina g/kg PV2"™ e EM kcal/kg PV2™ dos leitdes

utilizados nos estudos.

2.3 ANALISE DOS DADOS E METANALISE

Foi realizada uma analise descritiva dos dados da composicéo da microbiota extraidos
dos artigos, a fim de descrever e caracterizar os dados extraidos dos estudos selecionados na
revisdo sistematica. A metandlise foi realizada utilizando duas abordagens: 1) avaliacdo do
efeito da adi¢do ou nédo de substancias moduladoras da microbiota intestinal na dieta de leitdes
desmamados sobre os principais filos da microbiota intestinal; e 2) o efeito de subgrupos
definidos pelas caracteristicas e composicdo da dieta dos estudos na média geral dos principais
filos da microbiota intestinal.

O efeito da adig&o ou ndo de substancias moduladoras da microbiota intestinal na dieta
foi abordado pois a maioria dos estudos selecionados utilizou o tratamento controle e
tratamentos com a incluséo de aditivos que possuem a funcdo de favorecer o crescimento e
atividade de bactérias benéficas a salde intestinal nas dietas. O estudo que utilizou um
tratamento com antibiético promotor de crescimento na dieta (HAN et al., 2018), e o estudo
que comparou a dieta controle com dieta fermentada (HUANG et al., 2020) foram
desconsiderados para esta abordagem de metanalise.

Os subgrupos foram definidos para analisar o efeito geral da abundancia dos filos da
microbiota intestinal de leitdes coletados nos estudos. O subgrupo tipo de dieta foi definido em
dieta com base em milho e soja (presente em trés dos estudos selecionados) e outros (os demais
estudos selecionados utilizaram dietas com base em milho e cevada, trigo, cevada e soja, milho
arroz e soja, e em milho, trigo e soja). Outro subgrupo foi definido a partir da relacdo do
consumo de proteina bruta (PB (g)) pelo peso vivo metabdlico estimado (kg), sendo classificada
como maior 0s estudos com consumo superior a 29 g/kg PV®"™, e em menor estudos com
consumo inferior a 29 g/kg PV, O terceiro subgrupo foi definido a partir da relagdo do
consumo de energia metabolizavel (EM (kcal)) pelo peso vivo metabdlico estimado (kg),
classificadas em maior para estudos com relacéo superior a 512 kcal/kg PV, e em menor 0s
estudos com relagéo inferior a 512 kcal/kg PV®™. E o quarto subgrupo foi definido a partir da
relacdo do consumo de lisina (g/kg) pelo peso vivo metabolico estimado (kg), classificadas em
maior para estudos com relacéo superior a 1,91 g/kg PV, e em menor os estudos com relacio

inferior a 1,91 g/PV®’. O primeiro subgrupo contemplou todos os estudos selecionados na
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revisdo sistemética. E os demais subgrupos utilizaram os dados dos cinco estudos com dados
de desempenho zootécnico disponiveis, e a classificacdo em maior e menor foi definida de
acordo com o valor das medianas de cada variavel.

A metanalise foi realizada utilizando as funcdes metacont e metamean do pacote meta
do software R Core Team (2022). Na avalia¢do do efeito da adicdo ou ndo de prebidticos na
dieta de leitdes desmamados na microbiota intestinal, a diferenca entre os tratamentos foi
mensurada por meio da diferenca média padronizada (SMD). Na avaliacdo do efeito da média
geral dos estudos, as medias dos estudos sdo comparadas sem transformacdo (MRAW). O
modelo considerado na metandlise foi o de efeitos aleatorios, com nivel de significancia de 5%
(P <0,05).

3 RESULTADOS

3.1 ANALISE DESCRITIVA DOS DADOS DA REVISAO SISTEMATICA

Os estudos selecionados na revisdo sistematica utilizaram leitdes desmamados em
média aos 26 dias de idade, e com peso médio de 7,59 kg (Tabela 2). O peso metabdlico
estimado dos leitdes no dia da coleta das amostras para analise da composi¢do da microbiota
intestinal foi em média de 6,14 kg PV®™. As dietas foram formuladas em média com 3,37
Mcal/kg de EM, 18,84% de PB e 1,33% de lisina.



Tabela 2. Anélise descritiva das variaveis utilizadas no estudo.

68

Variaveis Média Mediana Minimo Maximo Desvio padrao
Idade de desmame (d) 26 27 21 35 4,48
Peso ao desmame (kg) 7,59 7,28 5,46 9,89 1,58
EM da dieta (Mcal/kg) 3,37 3,40 2,93 3,54 0,16
PB da dieta (%) 18,84 19,00 16,50 19,50 0,83
Lisina da dieta (%) 1,33 1,33 1,19 1,56 0,15
Peso metabdlico (kg PV°7) 6,14 6,47 4,05 7,00 0,86
Relacdo consumo PB (g/kg PV°7®) 30,88 29,22 25,43 43,24 4,71
Relacdo consumo EM (g/kg PV°™) 549,40 512,27 467,02 811,36 98,97
Relacéo consumo lisina (g/kg PVO ™) 2,10 1,91 1,76 3,43 0,48
Firmicutes (%) 43,18 41,90 17,85 66,13 13,88
Bacteriodetes (%) 43,07 38,26 18,93 75,04 17,96
Actinobacteria (%) 2,33 1,01 0,00 9,90 3,08
Proteobacteria (%) 5,05 3,44 0,00 17,07 5,69

Nos dados da composicdo da microbiota intestinal de leitbes desmamados extraidos dos

artigos na revisao sistematica, de forma geral, os filos mais abundantes sdo Firmicutes e

Bacteroidetes, com médias de 43,18% e 43,07%, respectivamente (Figura 2). Em alguns dos

estudos selecionados o filo Bacteroidetes é mais abundante na composicdo da microbiota

intestinal que o filo Firmicutes (WEI et al.,, 2022 (tratamentos com 100 e 150 mg/kg
Procianidinas de semente de uva); LUISE et al., 2020a; TRCKOVA et al., 2020; LI et al., 2020

(tratamento controle)).
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Figura 2. Boxplot da composigdo da microbiota intestinal de leitdes desmamados dos dados

selecionados na revisdo sistematica.
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3.2 METANALISE DO EFEITO DA ADICAO OU NAO DE SUBSTANCIAS
MODULADORAS DA MICROBIOTA INTESTINAL NA DIETA DE LEITOES
DESMAMADOS

Ndo houve efeito significativo da adicdo ou ndo de substancias moduladoras da
microbiota intestinal em dietas na abundancia dos filos Firmicutes e Bacteroidetes em leitdes
na fase de creche (Figura 3). As substancias utilizadas nas dietas dos estudos selecionados foram
procianidinas de semente de uva (WElI et al., 2022), extrato Macleaya cordata (LI et al., 2020),
acido organico e combinacédo de &cidos organicos (sem especificar quais; HAN et al., 2018), e
substancias hamicas (leonardite e lignite; TRCKOVA et al., 2018).
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Figura 3. Forest plot do efeito ou diferenca média padronizada (SMD) da adi¢do ou ndo de

substancias moduladoras da microbiota intestinal em dietas de leitbes desmamados na

composicao dos filos Firmicutes (a) e Bacteroidetes (b).

(a)

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Han et al., 2018 6 29.83 1.0000 6 5596 1.0000 ——— i -24.11 [-35.78; -12.44] 0.5% 10.9%
Li et al., 2020 6 40.29 1.0000 6 60.12 1.0000 = ' -18.30 [-27.19; -9.41] 0.8% 11.8%
Han et al , 2018 6 29.83 1.0000 6 4958 1.0000 —— |} -18.22 [-27.08; -9.37] 0.8% 11.8%
Wei et al., 2022 6 53.67 1.2300 6 56.62 1.3400 -: -212 [-3.64; -0.59] 27.8% 13.3%
Trckova et al., 2018 15 30.01 2.5100 15 18.06 2.5100 . 463 [ 3.19; 6.07] 31.0% 13.3%
Trckova et al., 2018 15 30.01 2.5100 15 17.85 2.5100 - 471 [ 3.25; 6.18] 30.2% 13.3%
Wei et al., 2022 6 53.67 1.2300 6 36.39 3.6000 e 593 [ 2.86; 9.00] 6.8% 13.1%
Wei et al., 2022 6 53.67 1.2300 6 36.47 1.5800 i —— 11.21 [ 5.69; 16.73] 2.1% 12.7%

H 1
Common effect model 66 66 é 2.50 [ 1.69; 3.30] 100.0% -
Random effects model - 307 [[12.79; 5.24] - 100.0%
Heterogeneity: /= 95%, 1 = 159.0552, p < 0.01 Tt
-30 -20 10 0 10 20 30
(b)

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Wei et al., 2022 6 44.11 1.2300 6 62.75 1.6300 —— -11.91 [-17.76; -6.06] 0.8% 11.7%
Wei et al., 2022 6 4411 1.2300 6 6271 3.6100 —-— E -6.36 [-9.63;-3.10] 25% 12.8%
Trckova et al., 2018 15 63.19 2.9400 15 75.04 2.9400 u; -3.92 [-5.20; -2.64] 16.6% 13.3%
Trckova et al., 2018 15 63.19 2.9400 15 68.65 2.9400 -1.81 [-2.67;-0.94] 36.2% 13.4%
Han et al., 2018 6 24.49 1.0000 6 24.49 1.0000 0.00 [-1.13; 1.13] 21.2% 13.3%
Han et al., 2018 6 24.49 1.0000 6 22.84 1.0000 E 152 [ 0.17; 2.87] 15.0% 13.3%
Wei et al., 2022 6 44.11 1.2300 6 39.92 1.1800 i 321 [ 1.29; 512] 74% 13.2%
Li et al., 2020 6 54.64 1.0000 6 31.01 1.0000 E —+—— 21.80 [ 11.24; 32.37] 0.2% 9.0%
Common effect model 66 66 ; -1.04 [-1.57; -0.52] 100.0% -
Random effects model = -0.38 [-5.90; 5.14] 100.0%
Heterogeneity: Jz =03%, r2= 59.1033,p <0.01 f I I ! I I I

30 <20 10 0O 10 20 30

3.3 METANALISE DO EFEITO DA MEDIA GERAL DOS ESTUDOS E

SUBGRUPOS

Avaliando o efeito do subgrupo do tipo de ingredientes base da dieta dos leitbes no pos-

desmame nos principais filos da microbiota intestinal, observou-se uma média maior na

abundancia do filo Bacteroidetes (Figura 4(a)) no subgrupo outros. E as dietas a base de milho

e soja apresentaram uma microbiota com menor quantidade de bactérias do filo Actinobacteria

((Figura 4(b)). Os filos Firmicutes e Proteobacteria ndo apresentaram diferencgas entre os tipos

de dieta. Os principais ingredientes proteicos e energéticos das dietas dos estudos selecionados

séo apresentados na Tabela 3.
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Tabela 3. Principais ingredientes das dietas utilizadas nos estudos selecionados na revisdo

sistematica.
Principais ingredientes (%)
P Base dadiets Milho ex';\)ﬂz:rllz(i)do exll/lrlijlshz;io Cevada Trigo ~ Arroz F?é?io expsa%jgida extsrﬁizda Sblfsgc:?tg
1 milho/ soja 34,97 22 20 6
2 milho/ soja 59,3 16 11,1
3 milho/ soja 38,76 15 22,65 8
4 milho/cevada 27 25,1 20
5  trigo/cevada/soja 30 40 18,5
6  milho/arroz/ trigo 25,4 15 23 26,6
7 milho/ trigo /soja 37,79 26,8 11

ID = identificacdo do estudo: 1) Wei et al., 2022; 2) Han et al., 2018; 3) Huang et al., 2020; 4) Luise et al., 2020a;
5) Trckova et al., 2020; 6) Li et al., 2020; 7) Luise et al., 2020b.
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Figura 4. Forest plot do efeito do tipo de dieta na média geral de abundancia dos filos (a) filo

Bacteroidetes e (b) filo Actinobacteria na composi¢cdo da microbiota intestinal de leitdes

desmamados.
(a) filo Bacteroidetes
Study Total Mean SD Mean
Han et al_, 2018 6 18.93 1.0000 = i
Han et al., 2018 6 2284 10000 = l
Han et al.. 2018 6 2449 1.0000 !
Han et al., 2018 6 2449 1.0000
Huang et al., 2020 6 2592 1.0000 = !
Huang et al_, 2020 6 3156 1.0000 s |
Wei et al_, 2022 6 3992 1.1800 -
Wei et al., 2022 6 4411 1.2300 |-
Wei et al_, 2022 6 6271 3.6100 : ——
Wei et al., 2022 6 62.75 1.6300 ! -
ffect 60 L
-«ﬁl:—

1

1

1

1
Li et al., 2020 6 31.01 1.0000 =
Luise et al., 2020b 23 3452 12.0100 _'_.*
Luise et al.. 2020b 28 36.60 8.8300 —
Luise et al., 2020a 12 53.91 1.0000 L]
Li et al., 2020 6 5464 1.0000 ! =
Trckova et al., 2018 15 63.19 2.9400 i -~
Trckova et al., 2018 15 68.65 2.9400 -~
Trckova et al., 2020 15 75.04 2.9400 d
: 120 : ¢

: —_—

1

1

!
Common effect model 180 ]
Random effects model —_—

Heterogeneity: /° = 100%, ©° = 322.3958, p = 0
Test for subgroup differences (common effect): 7f =8668.47,df=1(p=0)
Test for subgroup differences (random effects): yf =450 df=1(p =0.03)

20 30 40 50 60 70

MRAW

18.93 [18.13; 19.73]
22.84 [22.04; 23.64]
24.49 [23.69; 25.29]
24.49 [23.69; 25.29]
25.92 [25.12; 26.72]
31.56 [30.76; 32.36]
39.92 [38.98; 40.86]
44.11 [43.13; 45.09]
62.71 [59.82; 65.60]
62.75 [61.45: 64.05]
29.94 [29.65; 30.22]
35.75 [25.13; 45.77]

31.01 [30.21; 31.81]
34.52 [29.61: 39.43]
36.60 [33.33;39.87]
53.91 [53.34: 54.48]
54.64 [53.84: 55.44]
63.19 [61.70; 64.68]
68.65 [67.16; 70.14]
75.04 [73.55: 76.53]
51.76 [51.40; 52.12]
52.25 [40.77; 63.74]

38.39 [38.17; 38.62]
43.07 [34.76; 51.38]

Weight

7.8%
78%
7.8%
78%
78%
7.8%
56%
52%
0.6%
2.9%
61.3%

7.8%
0.2%
0.5%
15.6%
78%
23%
23%
23%
38.7%

100.0%

Weight

95%-Cl (common) (random)

5.6%
56%
5.6%
56%
5.6%
5.6%
56%
56%
55%
5.6%

55.6%

5.6%
55%
5.5%
56%
5.6%
5.6%
5.6%
5.6%

44.4%

100.0%



Study Total Mean
Wei et al., 2022 6 112
Han et al., 2018 6 200
Han et al., 2018 6 3.08
Wei et al_, 2022 6 322
Han et al., 2018 6 6.18
Han et al., 2018 6 6.37
Huang et al., 2020 6 730
Huang et al., 2020 6 9.90
Wei et al., 2022 6
Wei et al., 2022 6
60
Luise et al., 2020a 12 0.90
Li et al., 2020 6 190
Trckova et al., 2018 15
Trckova et al., 2018 15
Trckova et al., 2020 15
Li et al., 2020 6
Luise et al., 2020b 23
Luise et al., 2020b 28
120

Common effect model 180
Random effects model

(b) filo Actinobacteria

Weight

Weight

95%-Cl (common) (random)

[0.66;
[1.20;
[2.28;
[3.04;
[6.38;
[6.57;
[6.50;

1.58]
2.80]
3.88]
3.40)
6.98]
7.17)
8.10]

—s—  9.90 [9.10; 10.70]

SD Mean MRAW

!
0.5700 —= : 1.12
1.0000 —— | 2.00
1.0000 —e— 3.08
0.2300 l 3.22
1.0000 ! e 6.18
1.0000 : —— 6.37
1.0000 | —— 7.30

1.0000 :

i

!
10 3.54
T 4.89

|

|

|

!

|
1.0000 —*— : 0.90
1.0000 —— | 1.90

|

]

|

|

|

|

|

|

|

|

!

|
— ' 1.23
<> 1.36

|

!

|
o 3.32
e 4.19

Heterogeneity: /° = 99%, ©° = 9.1212, p < 0.01
Test for subgroup differences (common effect): yf =86.75,df=1(p <0.01)
Testfor subgroup differences (random effects): 7f =9.02, df=1(p <0.01)

[3.39;
[2.80;

0.33;
(1.10;

[0.77;
[0.38;

[3.18;
[2.30;

3.69]
6.97)

1.47)
2.70)

1.70]
2.33]

3.46]
6.07]

9.9%
3.2%
3.2%
61.0%
3.2%
3.2%
3.2%
3.2%
0.0%
0.0%
90.3%

6.5%
3.2%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
9.7%

100.0%

10.1%
10.0%
10.0%
10.1%
10.0%
10.0%
10.0%
10.0%

0.0%

0.0%

80.0%

10.1%
10.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

20.0%

100.0%
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O subgrupo da relacdo do consumo de proteina bruta pelo peso vivo metabolico

estimado (g/kg PV®") apresentou efeitos significativos para os filos Firmicutes (Figura 5(a)) e

Bacteroidetes (Figura 5(b)). Leitdes desmamados que ingeriram uma quantidade de PB por peso

vivo metabolico maior que 29 g/kg PV%7" apresentaram uma abundancia média de 48,17% do

filo Firmicutes e 28,88% do filo Bacteroidetes na microbiota intestinal. J& os animais com

menor relagdo proteina bruta por peso vivo metabdlico estimado (g/kg PV®™) apresentaram um

microbioma com média de 31,18% do filo Firmicutes e 55,69% do filo Bacteroidetes.
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Figura 5. Forest plot do efeito relagdo do consumo de proteina bruta pelo peso vivo metabolico

estimado (g/kg PV%™) na média geral da abundancia dos (a) filo Firmicutes e (b) filo

Bacteroidetes da microbiota intestinal de leitdes desmamados.

Study

Han et al_, 2018
Han et al., 2018
Luise et al., 2020a
Han et al., 2018
Han et al., 2018
Huang et al., 2020
Huang et al., 2020

Trckova et al., 2018
Trckova et al., 2020
Trckova et al_, 2018
Luise et al., 2020b
Luise et al., 2020b

Common effect model
Random effects model

Total

gmmmmﬁmm

15
15
15
23
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Mean

29.83
37.24
42.51
49.58
55.96
55.97
66.13

17.85
18.06
30.01
41.30
49.31

SD

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

25100
2.5100
25100
14.1600
8.4600

Heterogeneity: /° = 100%, t° = 231.8753,p =0
Test for subgroup differences (common effect): /2 =3738.55,df=1(p =0)
Test for subgroup differences (random effects): 7f =470,df=1(p=0.03)
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29.83 [29.03: 30.63]
37.24 [36.44: 38.04]
42.51 [41.94; 43.08]
49.58 [46.78: 50.38]
55.96 [55.16: 56.76]
55.97 [55.17; 56.77]
66.13 [65.33: 66.93]
47.47 [47.18; 41.75)
48.17 [38.93; 57.42)

17.85 [16.58; 19.12]
18.06 [16.79; 19.33]
30.01 [28.74; 31.28]
4130 [35.51; 47.09]
49.31 [46.18: 52.44]
23.66 [22.95; 24.37)
31.18 [18.92; 43.45]

44.19 [43.93; 44.46]
41.14 [32.51; 49.78)

Weight

10.8%
10.8%
21.6%
10.8%
10.8%
10.8%
10.8%
86.3%

4.3%
4.3%
4.3%
0.2%
0.7%
13.7%

100.0%

Weight

95%-Cl (common) (random)

8.4%
8.4%
8.4%
8.4%
8.4%
8.4%
8.4%

58.6%

8.4%
8.4%
8.4%
8.1%
8.3%

41.4%

100.0%
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(b) filo Bacteroidetes

Weight Weight
Study Total Mean SD Mean MRAW 95%-Cl (common) (random)

I
Han et al_, 2018 6 1893 1.0000 ® i 18.93 [18.13; 19.73] 112%  84%
Han et al., 2018 6 2284 10000 = ! 2284 [22.04; 23 64] 112%  84%
Han et al., 2018 6 2449 10000 = i 24.49 [23.69; 25.29] 112%  84%
Han et al., 2018 6 2449 10000 = ! 24.49 [23.69; 25.29] 112%  84%
Huang et al., 2020 6 2592 10000 = | 25.92 [2512; 26.72] 112%  84%
Huang et al., 2020 6 3156 1.0000 = 31.56 [30.76; 32.36] 11.2%  84%
Luise et al., 2020a 12 5391 1.0000 : = 53.91 [53.34; 54.48]  223%  8.4%
48 ¢ 32.01 [31.72; 32.29] 89.3% =
—_— 28.88 [20.23; 37.52] ~ 58.5%

I

I

|
Luise et al_, 2020b 23 3452 120100 — 3452 [29.61; 39.43] 03%  82%
Luise et al., 2020b 28 3660 838300 —t] 36.60 [33.33; 39.87] 07%  83%
Trckova et al_, 2018 15 6319 29400 : -~ 63.19 [61.70; 64 68] 32%  83%
Trckova et al_, 2018 15 6865 29400 ; - 68.65 [67.16; 70.14] 32%  83%
Trckova et al., 2020 15 75.04 29400 ! ~ 75.04 [73.55; 76.53] 32%  83%
96 | - 65.97 [65.15; 66.79] 10.7% -
| f==—rT=—— 55,69 [39.26; 72.12] - 41.5%

I

I

i
Common effect model 144 b 35.63 [35.36; 35.89]  100.0% -
Random effects model —_— 40.01 [28.80; 51.23) ~  100.0%

| I I 1 T 1

Heterogenaity: /* = 100%, ©* = 391.9295,p = 0 20 30 40 50 60 70
Test for subgroup differences (common effect): ;2 =5900.28, df=1(p = 0)
Test for subgroup differences (random effects): ;:f =8.01,df=1(p <0.01)

O subgrupo da relacdo do consumo de lisina pelo peso vivo metabolico estimado (g/kg
PV%7) n3o apresentou efeito significativo nos filos da microbiota intestinal de leitdes no

periodo pds-desmame (Figura 6).
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Figura 6. Forest plot do efeito da relagdo do consumo de lisina pelo peso vivo metabolico
estimado (g/kg PV%™) na média geral da abundancia dos (a) filo Firmicutes e (b) filo
Bacteroidetes da microbiota intestinal de leites desmamados.

(@) filo Firmicutes

Weight Weight
Study Total Mean SD Mean MRAW 95%-Cl (common) (random)

Trckova et al., 2018 15 17.85 25100 + 17.85 [16.58; 19.12) 4.3% 8.4%

)

i
Han et al_, 2018 6 29.83 1.0000 = i 29.83 [29.03; 30.63) 10.8% 8.4%
Han et al_, 2018 6 37.24 1.0000 - E 37.24 [36.44;35.04) 10.8% 8.4%
Luise et al., 20202 12 4251 1.0000 El: 4251 [41.94; 43.08] 21.6% 8.4%
Han et al, 2018 6 49.58 1.0000 ' E - 49.58 [48.78; 50.38) 10.8% 8.4%
Han et al., 2018 6 5596 1.0000 ! - 55.96 [55.16; 56.76) 10.8% 8.4%
n effect mods 51 : 41.38 [41.07; 41.70] 69.0% -
-i:ﬁh- 38.83 [27.83; 49.84] - 50.2%

]
Trckova et al., 2020 15 18.06 25100 = : 18.06 [16.79; 19.33] 4.3% 8.4%
Trckova et al., 2018 15 30.01 2.5100 2.3 E 30.01 [28.74; 31.28) 43% 8.4%
Luise et al., 2020b 23 41.30 14.1600 et 41.30 [35.51; 47.09] 0.2% 8.1%
Luise et al., 2020b 28 49.31 8.4600 E = 49.31 [46.18; 52.44] 0.7% 8.3%
Huang et al., 2020 6 5597 1.0000 ! - 56.97 [55.17, 56.77] 10.8% 8.4%
Huang et al_, 2020 6 66.13 1.0000 i ® 66.13 [65.33; 66.93] 10.8% 8.4%
ffect mod 93 Poe 50.45 [49.97; 50.92] 31.0% =5
e ——— 43.47 [29.37; 57.57) - 49.8%

E
Common effect model 144 . 44.19 [43.93; 44.46] 100.0% -
Random effects model : : —=“T;3-I ' 41.14 [32.51; 49.78] - 100.0%

Heterogeneity: I° = 100%, ©° = 231.8753,p =0 20 30 40 50 60

Test for subgroup differences (common effect): yf =978.31,df=1(p <0.01)
Test for subgroup differences (random effects): -/f =0.26,df=1(p=0.61)
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(b) filo Bacteroidetes

Weight Weight
Study Total Mean sD Mean MRAW 95%-Cl (commeon) (random)

]
]
Han et al., 2018 6 18.93 1.0000 = 18.93 [16.13; 19.73] 2%  5.4%
Han et al., 2018 6 2284 1.0000 = ! 22.84 [22.04: 23.64] 2%  5.4%
Han et al., 2018 6 2449 1.0000 2449 [23.69: 25.29] 1M2%  5.4%
Han et al., 2018 6 2449 1.0000 ; 2449 [23.69: 25.29) 1M2%  5.4%
Luise et al., 2020a 12 53.91 1.0000 : [ 53.91 [63.34: 54.48]  223%  §.4%
Trckova et al., 2018 15 68.65 2.9400 - 66.65 [67.16: 70.14] 32%  8.3%
51 o ! 34.73 [34.41; 35.05] 70.2% -
—_—— 35.55 [19.10; 52.00] ~  50.1%
1 H
.
]
!
Huang et al.. 2020 6 2592 10000 = ! 25.92 [25.12: 26.72] 12%  5.4%
Huang et al.. 2020 6 3156 1.0000 LI 31.56 [30.76: 32.36] 2%  5.4%
Luise et al., 2020b 23 34.52 12.0100 — 34.52 [29.61: 39.43] 0.3%  §.2%
Luise et al., 2020b 23 36.60 8.8300 e 36.60 [33.33: 39.67] 0.7%  8.3%
Trckova et al.. 2018 15 6319 2.9400 D - 63.19 [61.70: 64.68] 32%  8.3%
Trckova et al., 2020 15 75.04 2.9400 Lo -~ 75.04 [73.55: 76.53] 32%  8.3%
93 e 37.74 [37.25; 38.27] 29.8% -
—_— 44.50 [28.63; 60.36] -~ 49.9%
1 H
|
Common effect model 144 [ 35.63 [35.36; 35.89] 100.0% -
Random effects model _ 40.01 [28.80; 51.23] ~ 100.0%

Heterogeneity: /°=100%, ©°=391.9205 p =0 20 30 40 50 60 70
Test for subgroup differences (commaon effect): ;rf: 101.63, df=1(p <0.01)
Test for subgroup differences (random effects): ;rf: 0.59, df=1(p=0.44)

O subgrupo da relagdo do consumo de energia metabolizavel por unidade de peso vivo
metabolico estimado (kcal/kg PV®™), mostrou efeito significativo para os filos Firmicutes
(Figura 7(a)). Leitdes desmamados com maior consumo de energia metabolizavel (kcal/kg
PV%7) apresentaram em média 36,54% da composi¢do da microbiota formada pelo filo
Firmicutes, enquanto animais do subgrupo com consumo de energia metabolizavel menor que
512 kcal/kg PV%™ apresentam em média 54,87% do filo Firmicutes em sua microbiota

intestinal.
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Figura 7. Forest plot do efeito da relagdo do consumo de energia metabolizavel por unidade de
peso vivo metabdlico estimado (kcal/kg PV®™) na média geral da abundancia do (a) filo

Firmicutes e (b) filo Bacteroidetes na composi¢cdo da microbiota intestinal de leitGes

desmamados.
(a) filo Firmicutes

Weight Weight
Study Total Mean sD Mean MRAW 95%-Cl {common) {random)
Trckova et al., 2018 15 17.85 25100 + 17.85 [16.58; 19.12] 4.3% 8.4%
Trckova et al., 2020 15 18.06 25100 = 18.06 [16.79; 19.33] 4.3% 8.4%
Han et al., 2018 6 29.83 1.0000 29.83 [29.03; 30.63] 10.8% 8.4%
Trckova et al., 2018 15 30.01 25100 30,01 [28.74; 31.28] 4.3% 8.4%
Han et al., 2018 6 37.24 1.0000 3724 [36.44; 38.04] 10.8% 8.4%
Luise et al., 2020b 23 41.30 14.1600 41.30 [35.51:47.09] 0.2% 8.1%
Luise et al., 2020b 28 4931 §.4600 49.31 [46.18; 62.44] 0.7% 8.3%
Han et al., 2018 6 4958 1.0000 49.58 [48.78: 50.38] 10.8% 8.4%
Han et al., 2015 6 5596 1.0000 55.96 [55.16; 56.76] 10.8% 8.4%
120 38.44 [38.09; 38.79] 56.9% =
36.54 [27.52; 45.55] — 74.9%
Luise et al., 2020a 12 4251 1.0000 42.51 [41.94; 43.08] 21.6% 8.4%
Huang et al., 2020 6 55.97 1.0000 55.97 [55.17; 56.77] 10.8% 8.4%
Huang et al_, 2020 6 66.13 1.0000 66.13 [65.33; 66.93] 10.8% 8.4%

24 51.78 [51.38; 52.18] 43.1%

54.87 [41.46; 68.28] - 25.1%

44.19 [43.93; 44.46] 100.0%

Commen effect model 144 -
41.14 [32.51; 49.78] -~ 100.0%

Random effects model

Heterogeneity: /= 100%, < = 231.8753,p = 0 20 30 40 50 60
Test for subgroup differences (common effect): ;.rf =242825 dfi=1(p=0)
Test for subgroup differences (random effects): ;rf =494 df=1(p=003)
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(b) filo Bacteroidetes

Weight Weight
Study Total Mean SD Mean MRAW 95%-Cl (common) (random)

Han et al., 2018
Han et al_, 2018
Han et al., 2018

18.93 1.0000 =
2284 10000 =
2449  1.0000 =

18.93 [18.13; 19.73] 11.2% 8.4%
22.84 [22.04; 23.64] 11.2% 8.4%
2449 [23.69; 25.29] 11.2% 8.4%

=2 ]

i
i
i
Luise et al., 2020b 23 34.52 12.0100 —‘i— 34.52 [29.61;39.43] 0.3% 8.2%
——

Han et al., 2018 6 2449 1.0000 = 2449 [23.69; 25.29] 11.2% 8.4%
Luise et al., 2020b 28 36.60 8.8300 " 36.60 [33.33; 39.87] 0.7% 8.3%
Trckova et al., 2018 15 6319 29400 : - 63.19 [61.70; 64.68] 3.2% 8.3%
Trckova et al., 2018 15 68.65 2.9400 i - 68.65 [67.16; 70.14] 3.2% 8.3%
Trckova et al., 2020 15 75.04 29400 ' =+ T5.04 [73.55; 76.53] 32% 8.3%
120 ¢ i : 31.02 [30.66; 31.38] 55.3% -
"f—-—,l_'.?" 40.98 [26.64; 55.31] - 74.9%
[
| i
1
|
.
Huang et al., 2020 6 25.92 1.0000 - i 2592 [25.12; 26.72] 11.2% 8.4%
Huang et al., 2020 6 31.56 1.0000 . : 31.56 [30.76; 32.36] 11.2% 8.4%
Luise et al., 2020a 12 5391 1.0000 . : L] 53.91 [53.34; 54.48] 22.3% 8.4%
24 i 50 41.32 [40.92; 41.73] 44.7% -
—————— 37.13 [20.38; 53.88] - 25.1%
[
P
i
Common effect model 144 b 35.63 [35.36; 35.89] 100.0% =
Random effects model — 40.01 [28.80; 51.23] ~  100.0%

Heterogeneity: I° = 100%, ° = 3919285, p =0 20 30 40 50 &0 7O
Test for subgroup differences (common effect): ;rf: 1409.15, df =1 (p =0.01)
Test for subgroup differences (random effects): 'rf: 012, df=1(p=0.73)

4 DISCUSSAO

4.1 COMPOSIC}AO DA MICROBIOTA INTESTINAL DE LEITOES NO POS-
DESMAME

O desmame é um dos eventos mais estressantes da vida de um suino, contribuindo para
disfunc@es intestinais e do sistema imunologico (CAMPBELL et al., 2013), que afetam a
composicao da microbiota intestinal. A composi¢do da microbiota se diferencia ao longo dos
segmentos do trato gastrointestinal e de acordo com a idade dos animais, com quantidades e
tipos de bactérias distintas, influenciados pelo pH, disponibilidade de substratos e peristaltismo,
sendo o intestino grosso e suas porgdes o local de maior proliferacdo bacteriana (HEO et al.,
2012). Em amostras coletadas no reto de leitdes desmamados os filos mais abundantes sdo
Bacteroidetes, Firmicutes, Proteobacteria e Actinobacteria (GUEVARRA et al., 2018).

Os Bacteroidetes consistem principalmente de bactérias gram negativas, caracteristicas
fermentativas e com capacidade de modular o sistema imune de forma benéfica (COSTELLO
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et al., 2009), e os géneros bacterianos prevalentes séo Bacteroides e Prevotella. O filo
Firmicutes contém os géneros Lactobacillus e Clostridium que sdo imunomoduladores e
também abrigam espécies relacionadas a inducdo de inflamacdo. O filo Proteobacteria pode
ser um indicativo de uma comunidade microbiana instavel, sendo parte a espécie Escherichia
coli, considerada uma bactéria comensal e a sua presenca em individuos assintométicos pode
ser habitual, entretanto em altas propor¢des podem estar associada a alteragdes funcionais do
trato gastrointestinal e diarreias (SHIN et al., 2015). E o filo Actinobacteria engloba bactérias
do género Bifidobacterium que possuem funcdes como a producédo de vitaminas, a estimulagéo
do sistema imunoldgico, a inibicdo de bactérias potencialmente patogénicas (COSTELLO et
al., 2009).

A nivel de género os mais frequentes e abundantes em leitdes desmamados séo
Prevotella do filo Bacteroidetes, e Lactobacillus do filo Firmicutes (CHEN et al., 2017;
GUEVARRA, et al., 2018). O género Prevotella possui associagdo com a fermentacdo de
polissacarideos ndo amilaceos derivados de plantas (IVARSSON et al., 2014), e 0 género
Lactobacillus apresenta capacidade de consumir monossacarideos e dissacarideos derivados de
plantas (SCHWAB e GANZLE, 2011). Uma maior abundancia dos géneros Prevotella e
Lactobacillus em leitbes desmamados, indica a adaptacdo a dieta basicamente formulada com
ingredientes vegetais fornecida ap6s o desmame.

42 EFEITO DE SUBSTANCIAS MODULADORAS DA MICROBIOTA
INTESTINAL NA DIETA DE LEITOES DESMAMADOS

Muitos dos problemas observados nos leitdes recém desmamados sdo amenizados pelo
fornecimento de dietas com adicdo de antibidticos promotores de crescimento e/ou 6xido de
zinco. Na suinocultura os antibidticos promotores de crescimento sdo utilizados para modular
a microbiota intestinal, reduzindo e controlando o crescimento de potenciais bactérias
patogénicas, e melhorar o desempenho produtivo (KIM et al., 2012). Com o aumento dos casos
de resisténcia microbiana e do risco residual em produtos de origem animal, a Unido Europeia
proibiu o uso profilatico de antibioticos nas ragdes desde janeiro de 2006 e limitou o uso apenas
para fins terapéuticos. O 6xido de zinco, muito utilizado na prevencdo da diarreia pds-desmame,
é pouco absorvido pelo animal e excretado nos dejetos. Com a utilizacdo dos dejetos como
fertilizante, a concentracé@o de zinco na camada superficial do solo aumenta, e o escoamento e
a lixiviacdo levam a contaminacdo de aguas subterraneas e superficiais (BONETTI, et al.,
2021).
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Contudo, nos ultimos anos o interesse na busca por alternativas que possam amenizar
0s impactos negativos do desmame nos leitdes aumentou consideravelmente (HEO et al., 2012).
Entre as alternativas apontadas estdo os aditivos com efeito prebiotico, como a lactose, extratos
vegetais e acidos organicos, adicionados nas dietas de leitGes. Esses aditivos tém mostrado
efeitos benéficos, como a producdo de substancias antimicrobianas, melhora na sadde intestinal,
equilibrio da populagdo microbiana e melhora no desempenho produtivo dos animais (KIM e
ISAACSON, 2015).

Os prebioticos, substancias alimentares ndo digestiveis ao organismo animal e que
servem de nutriente para 0s microrganismos benéficos presentes no trato gastrointestinal,
reduzindo a incidéncia de diarreias, a concentracdo de E. coli, e a mortalidade de leites ap0s o
desmame (ZHAO et al. 2012). Os extratos vegetais como procianidinas de semente de uva (WEI
et al., 2022) e extrato Macleaya cordata (LI et al., 2020) apresentam propriedades que inibem
a colonizacdo do trato gastrointestinal por bactérias patogénicas (KEMPERMAN et al., 2010).
Outra alternativa utilizada para evitar e tratar a diarreia pos-desmame sdo as substancias
himicas, componentes da matéria organica natural no solo, 4gua e sedimentos formadas por
reacOes bioguimicas e quimicas durante a decomposicdo e transformacao de restos vegetais e
microbianos (TRCKOVA et al., 2018). Os acidos organicos melhoram o consumo de racéao e
reduzem a diarreia de leitbes desmamados, por meio da acidificacdo do intestino e mantém o
equilibrio da microbiota intestinal (HAN et al., 2018; PARTANEN e MROZ, 1999).

Apesar de a metanalise ndo indicar um efeito na composicdo dos filos da microbiota
intestinal, todos os estudos selecionados na revisao sistematica mostraram uma melhora na
salde e morfologia intestinal e uma reducao na diarreia com o uso das substancias moduladoras
da microbiota intestinal (Tabela 1) nas dietas de leitbes no p6s-desmame. Esses resultados
mostram que sdo alternativas promissoras aos promotores de crescimento e 6xido de zinco,

reduzindo os riscos problemas de salde publica e ambiental.

4.3 EFEITO DOS SUBGRUPOS NA MICROBIOTA INTESTINAL DE LEITOES

NO POS-DESMAME

Com o desmame, a composicao da dieta fornecida aos leitdes muda abruptamente, tanto
em sua forma, quanto em sua composic¢ado com a introducgéo de alimentos complexos a base de
vegetais, 0 que ocasiona mudangas na microbiota intestinal dos animais. Em todo o mundo,
existem dois tipos de dietas tradicionais fornecidas aos suinos com base na disponibilidade dos

ingredientes principais: uma dieta baseada em milho e farelo de soja, comum nas Américas do
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Norte e do Sul, e uma dieta baseada em trigo, cevada e subprodutos da inddstria alimenticia,
comum na Europa e partes da China (VERSCHUREN, et al. 2018).

O trigo e a cevada sdo ingredientes com niveis mais altos de fibra dietética do que o
milho (NRC, 2012). A fibra dos ingredientes vegetais é incorporada nas paredes celulares das
plantas com polissacarideos e lignina, que sdo resistentes as enzimas digestivas dos animais
ndo-ruminantes que nao conseguem digerir as ligacdes glicosidicas B-1,4. A fibra alimentar
constituida por polissacarideos ndo amilaceos (PNA) também é resistente a digestdo dos suinos,
e dependendo do tipo de cereal utilizado, pode ser fermentada pelas bactérias intestinais
presentes no intestino grosso em monossacarideos e &cidos graxos de cadeia curta (AGCC)
(GRESSE et al., 2017). As dietas ricas em PNA reduzem o tempo de transito intestinal e o pH,
aumentando os substratos que sdo lentamente degradados pela microbiota no intestino grosso
(MURPHY et al., 2012), aumentando a abundancia dos géneros Ruminococcus e Clostridium
do filo Firmicutes e o género Bacteroides do filo Bacteroidetes (ROBINSON et al., 1981).

O aumento na abundancia do género Prevotella, pertencente ao filo Bacteroidetes, no
periodo pos-desmame aumenta a capacidade de degradar os componentes das racdes com
ingredientes vegetais (LAMENDELLA et al., 2011). Como, por exemplo, os PNA da dieta em
AGCC, como o acetato, o propionato e o butirato, evidenciando a influéncia da microbiota nas
células epiteliais intestinais por meio de fungdes imunoldgicas e metabdlicas. O butirato e o
acetato regulam o metabolismo energético, preservando a imunidade da mucosa intestinal
(DONOHOE et al., 2011; KAIKO et al., 2016). E o acetato melhora a integridade das células
epiteliais e melhora a protecdo contra infeccdes, contribuindo para a preservacao da imunidade
da mucosa através de células caliciformes (LEVY et al., 2017).

J& 0 aumento no filo Actinobacteria nas dietas do subgrupo das dietas a base de milho e
soja, possivelmente foi influenciado pelo aumento na abundancia do género Bifidobacterium,
ligado a manutencdo da salde intestinal e sistema imunoldgico. Dietas com milho favorecem a
producéo de butirato, melhorando o desempenho de leites desmamados (ZHAO et al., 2018).
Dessa forma, a composicdo da dieta pode ser uma opcdo para modular a microbiota,
melhorando a saude, o bem-estar e a eficiéncia na digestdo de nutrientes, por meio dos gréos de
cereais utilizados nas dietas, diminuindo a dependéncia de antibi6ticos (DREW et al., 2002).

O desmame dos leitdes é frequentemente acompanhado de disturbios intestinais, como
a diarreia pos-desmame, geralmente associada a um aumento da fermentagdo microbiana de
proteinas ndo digeridas no trato gastrointestinal. O crescimento e a atividade de potenciais
patdgenos podem ser evitados limitando o suprimento de nutrientes. Desta forma, dietas com

alto nivel de proteina (maior que 20%) podem favorecer a proliferacdo de bactérias
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fermentadoras de proteinas no intestino grosso do leitdo, resultando em distdrbios intestinais e
diarreia no pos-desmame (RIST et al., 2014).

O excesso de proteina na dieta passa para o intestino grosso, onde é fermentado pelas
bactérias em nitrogénio amoniacal, putrescina, histamina, sulfeto de hidrogénio e outras
substancias téxicas (WINDEY et al., 2012). Essas substancias em contato com a mucosa
intestinal aumentam a permeabilidade da barreira mucosa do intestino causando diarreia em
leitbes (XIA et al., 2022). Leitdes desmamados que ingeriram uma quantidade maior de PB
apresentam uma abundancia maior do filo Firmicutes, que engloba o género Clostridium,
potencialmente patogénico (ZHAO et al., 2019).

No entanto, dietas de baixa proteina podem néo atender as necessidades de crescimento
e desenvolvimento de leitdes no periodo pos-desmame. Os aminoacidos que chegam no célon,
incluindo a lisina, também podem ser utilizados pelas bactérias para gerar produtos
metabdlicos, como 0s AGCC, que podem ser uma fonte de energia para os suinos (DAI et al.,
2011).

A energia é o principal fator limitante ao desempenho animal e é o primeiro a ser
considerado na formulacéo de dietas para animais. Embora ndo seja considerada um nutriente,
provém de carboidratos, lipideos e proteinas que geram energia ao serem digeridos e
metabolizados pelos animais. Os suinos dependem do fornecimento de carboidratos nédo
fibrosos para obtencéo de energia, especialmente o amido, abundante em gréos de cereais, como
o milho. A energia metabolizavel do alimento € obtida descontando a energia perdida nas fezes
e na urina dos animais. As bactérias presentes na microbiota intestinal possuem a capacidade
de melhorar o potencial de extrair energia e nutrientes da nossa dieta (LEY et al., 2008). Em
humanos o consumo de calorias em excesso leva a proliferacdo do filo Firmicutes, permitindo
a extracdo e estocagem de nutrientes com maior eficiéncia, auxiliando no ganho de peso
(TURNBAUGH et al., 2009).

5 CONCLUSAO

Os resultados da revisdo sistematica e da metanalise deste estudo demonstraram que 0s
principais filos que compdem a microbiota intestinal de leitdes desmamados sdo Firmicutes,
Bacteroidetes e Proteobacteria. Dietas com base nos ingredientes milho e soja apresentam
menor média do filo Firmicutes na microbiota em relacdo as dietas com outros ingredientes.
Animais com consumo de proteina por peso metabdlico maior de 29 g/kg PV apresentam

uma microbiota composta por 48,17% do filo Firmicutes e 28,88% do filo Bacteroidetes,
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enquanto que para o consumo menor de 29 g/kg PV® " ocorre o contrario, sendo 31,18% do filo
Firmicutes e 55,69% do filo Bacteroidetes.
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6 - CONSIDERACOES FINAIS

A composi¢ao microbiota intestinal dos leitdes possui influéncia na saude, nutricao e
desempenho dos animais. Modular a microbiota intestinal por meio da alimentagdo ou aditivos
mostra resultados promissores, contribuindo para a satide e desempenho, a redu¢do da diarreia
pos-desmame e também no uso de antimicrobianos na produgdo animal. Mais estudos sao
necessarios para entender melhor as interacdes € os mecanismos envolvidos entre a
composicao da dieta e a composi¢ao bacteriana da microbiota intestinal de leitdes.

O fornecimento de suplemento lacteo para leitdes no periodo pés-desmame ndo afetou
o desempenho, o indice de diarreia ou o comportamento. Leitdes que receberam o suplemento
lacteo tiveram maior consumo de rag¢do no segundo e terceiro dias apds o desmame, e também
apresentaram maior comprimento das vilosidades do duodeno e placas de Peyer maiores,
indicando melhora do desempenho e satde intestinal.

No estudo de metanalise a adi¢ao de substancias moduladoras da microbiota intestinal
na dieta ndo mostrou efeitos sobre a abundancia dos filos na microbiota intestinal de leitdes
desmamados. Dietas com aveia, cevada, trigo e arroz mostraram efeito na abundancia dos
filos Bacteroidetes e Actinobacteria. Leitdes que ingeriram uma maior quantidade de proteina
apresentaram uma abundancia maior do filo Firmicutes, enquanto nos com menor consumo
de proteina o filo Bacteroidetes foi mais abundante. Animais com consumo de energia
metabolizdvel menor apresentaram maior abundancia do filo Firmicutes em sua microbiota

intestinal.
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