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Resumo

NICOLA, Murilo Scalcon. Suplementacgé&o de butirato para prevencao de diarreia e

no desenvolvimento gastrointestinal e corporal de bezerras leiteiras . 2022. 69f.
Dissertacdo (Mestrado em Ciéncias) - Programa de Pds-Graduacdo em Veterinaria,
Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2022.

As primeiras semanas ap0s 0 hascimento sdo marcadas por diversas adaptacdes no
organismo dos ruminantes, uma delas, se ndo a principal é o desenvolvimento do trato
gastrointestinal, que € fundamental, para o rapido crescimento corpdéreo assim como
para a desenvolvimento da resisténcia contra enfermidades, principalmente as
gastrointestinais. O presente estudo teve como objetivo avaliar a capacidade do
butirato de sédio em estimular o desenvolvimento do trato gastrointestinal e prevenir
diarreias em bezerras leiteiras. Para isso, 124 animais da raga Holandesa, foram
distribuidos em dois grupos: GB - Butirato - que recebeu 4g de uma produto contendo
90% de butirato de sédio no leite integral do 1° ao 90° dia de vida, além de concentrado
ad libitum (50 fémeas e 12 machos, n=62), e GC - Controle - alimentados com a
mesma dieta, mas com leite integral ndo-suplementado (50 fémeas e 12 machos,
n=62). A consisténcia das fezes foi avaliada diariamente nos primeiros 30 dias e 0s
animais foram monitorados quanto a ocorréncia de diarreia, sendo determinada a sua
morbidade, recorréncia, mortalidade e letalidade. O desempenho zootécnico dos
animais foi monitorado durante os primeiros 60 dias de vida (D1, D8, D15, D22, D29,
D45, D60), e aos 90 dias (desmame). Avaliages histologicas e de expressado génica
do trato gastrointestinal foram realizadas a partir de amostras coletadas de machos
eutanasiados aos 15 e aos 30 dias de vida. Os resultados demonstraram que a
suplementacao de butirato no leite reduziu a morbidade (GB = 30% vs. GC = 50%) e
a recorréncia (GB = 26,67% vs. GC = 60%) da diarreia neonatal, além do niumero de
dias com fezes anormais, em relacéo ao grupo ndo-suplementado (GB = 4,64 + 0,47
dias vs. GC = 8,6 £ 0,65 dias). A suplementacdo também influenciou o ganho médio
diario de peso (GMD), que tendeu a ser maior aos 30 dias (GB =0,441 £ 0,018 vs. GC
= 0,394 £ 0,018 e aos 60 dias de vida (GB =.0,555 + 0,016 vs. GC = 0,516 £ 0,016).
Além disso, a morfometria do TGl aos 30 dias revelou maior comprimento (GB =
560,92 + 10,28 pm vs. GC = 388,67 + 10,28 um) e maior area superficial (GB = 0,276
+ 0,008 mm? vs. GC = 0,184 + 0,008 mm?) de papilas ruminais nos animais
suplementados. Na por¢ao duodenal do intestino, o comprimento das vilosidades (GB
=488,14+ 4,76 vs. GC = 446,87 £ 4,76 um) e a profundidade das criptas (GB = 254,96
+ 2,75 pym vs. GC = 231,32 = 2,75 pm) foram maiores no GB. Ao comparar 0s
resultados da analise de expressdo duodenal dos genes LCT e GLP2 de animais com
30 dias de vida que tiveram um episédio de diarreia (GB e GC - com diarreia) com 0s
de animais que nao tiveram episédios (GB e GC - sem diarreia), foi possivel observar
que o0s niveis transcritos no GB com diarreia, foi semelhante aos encontrados nos
grupos GB e GC sem a enfermidade. Em conjunto, esses resultados permitem concluir
que a suplementacdo continua com butirato de soédio melhora o desenvolvimento
gastrointestinal, reduz a ocorréncia de diarreias e torna os quadros clinicos mais
brandos e a recuperacdo mais rapida. Todos esses fatores tendem a favorecer um



maior GMD nos primeiros 60 dias de vida, sendo uma alternativa interessante para
acelerar o desenvolvimento inicial e melhor a saude de bezerras leiteiras.

Palavras Chave: aleitamento; expressdo génica; fezes anormais; ganho de peso;
histologia.



Abstract

NICOLA. Murilo Sacalcon. Butyrate supplementation for diarrhea prevention and
gastrointestinal and bodily development of dairy calves . 2022. 69f. Dissertation
(Master degree in Sciences) - Programa de Pés-Graduacdo em Veterinéria, Faculdade
de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2022.

The first weeks after birth are marked by several adaptations in the ruminant organism,
one of them, if not the main one, is the development of the gastrointestinal tract, which
is essential for rapid body growth as well as for the development of resistance against
diseases, especially the gastrointestinal ones. The present study aimed to evaluate
the ability of sodium butyrate to stimulate the development of the gastrointestinal tract
and prevent diarrhea in dairy calves. For this, 124 Holstein animals were divided into
two groups: GB - Butyrate - which received Sodium Butyrate in whole milk for 90 days,
in addition to concentrate ad libitum (50 females and 12 males, n=62), and GC - Control
- fed the same diet, but with unsupplemented whole milk (50 females and 12 males,
n=62). The consistency of the feces was evaluated daily for the first 30 days and the
animals were monitored for the occurrence of diarrhea, and its morbidity, recurrence,
mortality and lethality were determined. Growth was evaluated during the first 60 days
of life (D1, D8, D15, D22, D29, D45, D60), and at 90 days (weaning). Histological and
gene expression evaluations of the gastrointestinal tract were performed from samples
collected from males euthanized at 15 and 30 days of age. The results showed that
butyrate supplementation in milk reduced morbidity (GB = 30% vs. GC = 50%) and
recurrence (GB = 26,67% vs. GC = 60%) of neonatal diarrhea, in addition to the
number of days with abnormal feces, compared to the non-supplemented group (GB
= 4.64 + 0.47 days vs. GC = 8.6 + 0.65 days). Supplementation also influenced the
average daily gain (ADG), which tended to be greater at 30 days (GB = 0.441 + 0.018
vs. CG =0.394 + 0.018) and at 60 days of life (GB = 0.555 + 0.016 vs. GC =0.516 +
0.016). In addition, TGI morphometry at 30 days revealed greater length (GB = 560.92
+10.28 umvs. GC = 388.67 £ 10.28 um) and greater surface area (GB =0.276 + 0.008
mm? vs. GC = 0.184 + 0.008 mm?) of rumen papillae in the supplemented animals. In
the duodenal portion of the intestine, the length of the villi (GB = 488.14 £ 4.76 vs. GC
= 446.87 + 4.76 pm) and the depth of the crypts (GB = 254.96 + 2.75 um vs GC =
231.32 + 2.75 um) were greater in GB. When comparing the results of the analysis of
duodenal expression of the LCT and GLP2 genes of 30-day-old animals that had an
episode of diarrhea (GB and GC - with diarrhea) with those of animals that did not have
episodes (GB and GC - without diarrhea), it was possible to observe that the
transcription levels in the GB with diarrhea were similar to those found in the GB and
GC groups without the disease. Taken together, these results allow us to conclude that
continuous supplementation with sodium butyrate improves gastrointestinal
development, reduces the occurrence of diarrhea and makes clinical conditions milder
and recovery faster. All these factors tend to favor a greater ADG in the first 60 days
of life, being an interesting alternative to accelerate the initial development and improve
the health of dairy calves.

Keywords : abnormal feces; average daily gain; gene expression; histology; milk
feeding.
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1 Introducéo

Um sistema de producéo leiteira é formado por diversos segmentos, 0s quais
sdo fundamentais para o sucesso da atividade, qualquer falha de manejo seja ele
sanitario ou nutricional ira afetar o sucesso e a lucratividade da atividade. Um dos
segmentos € a criagdo de bezerras que é uma das mais desafiadoras, uma vez que
0S animais nesta fase ndo apresentam um sistema imunolégico e digestorio
completamente desenvolvido, aumentando as probabilidades de desenvolvimento, de
doencas e atrasos no crescimento (Lopes e Vieira, 1998).

A criacdo de bezerras é fundamental dentro do sistema, visto que, estas se
tornarédo as futuras vacas, entdo quanto mais rapido e eficiente for este processo, mais
rapido o animal chegara a vida produtiva e maior sera sua producao futura (Spadetto,
2013). Diante disso, diversas tecnologias de manejo e nutricionais vem sendo
estudadas e desenvolvidas para acelerar o desenvolvimento e minimizar os atrasos
de crescimento nesta fase, como a suplementacdo com probidticos, prebioticos,
extratos vegetais, butirato e sistemas de monitoramento e alimentacdo automatica
(Xiao et al, 2016; Giannenas et al, 2011; Gérka et al, 2014; Duthie et al, 2021).

As bezerras logo ap0s 0 nascimento ndo apresentam o Trato Gastrointestinal
(TGI) totalmente desenvolvido, esse processo se da ao longo das primeiras semanas
de vida, mediado pela alimentacdo que o animal recebe (Heinrichs, 2005). A
suplementacdo com butirato de sodio vem sendo estudada como um eficiente
estimulador do desenvolvimento gastrointestinal dos bezerros nestas primeiras
semanas de vida (Gorka et al, 2014).

Naturalmente o &cido butirico sera produzido através da fermentacéo ruminal e
€ uma importante fonte de energia para o desenvolvimento das células epiteliais do
trato gastrointestinal (Bergman, 1990), porém a sintese s6 iniciara quando o consumo
de alimentos solidos se tornar significativo (Hill et al., 2010).

O butirato de sédio quando suplementado nas primeiras semanas de vida,
através da dieta liquida tera um efeito importante sobre o desenvolvimento do trato
digestivo inferior visto que a goteira esofagica desvia o leite ingerido pelos bezerros

diretamente para o abomaso, porém seus efeitos benéficos quando suplementado
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desta forma sobre o trato digestivo superior também sdo relatados através de
mecanismos indiretos (Goérka et al., 2018).

O desenvolvimento do trato gastrointestinal pode refletir diretamente no
aproveitamento dos nutrientes e no crescimento corporeo das bezerras, além de
refletir em um animal mais saudavel que sera naturalmente resistente a ocorréncia de
doencas dentre elas as diarreias, além disso também é relatado um possivel efeito
antibacteriano do butirato (Cherrington,1991), os quais juntos contribuirdo para um
desenvolvimento acelerado e uma rapida evolug¢éo do animal para a vida produtiva.

Diante do apresentado a suplementacdo com butirato de sodio nas primeiras
semanas de vida pode ser uma alternativa interessante para acelerar o
desenvolvimento e crescimento nesta fase, porém estudos sdo necessarios para
elucidar os reais efeitos e beneficios desta molécula no desenvolvimento TGI,

crescimento e reducdo da ocorréncia de diarreias.

2 Revisao da Literatura

2.1 Trato Gastrointestinal de Bezerras

O TGI dos ruminantes em geral ndo esta plenamente desenvolvido nas
primeiras semanas de vida, em especial as cavidades pré-gastricas como ramen,
reticulo e omaso, impossibilitando a ingestdo e aproveitamento de alimentos sélidos
neste momento (Heinrichs, 2005). Esse processo de desenvolvimento se da
substancialmente entre as 3 e 4 semanas de vida, momento em que 0 consumo de
alimentos sélidos comeca a se tornar significativo (Heinrichs, 2005; Hill et al., 2010).
O desenvolvimento do rimen s6 se dara por completo com varios meses de vida
(Bailey, 1986), porém o quanto ele se desenvolve no periodo pré desmame pode
afetar significativamente o desenvolvimento do animal e sua produtividade futura
(Khan et al., 2016).

Antes do desenvolvimento do rimen, ocorre o desenvolvimento e maturagcao
do abomaso e intestino, além de sua colonizacédo bacteriana que sao fundamentais
para o pleno crescimento corpOreo, aproveitamento de nutrientes e sanidade dos
animais (Guilloteau et al., 2009). O desenvolvimento intestinal e abomasal, diferente
do rimen, é fundamental ndo apenas para a digestdo de alimentos sélidos, mas

também para a digestéo e aproveitamento de alimentos liquidos, como o leite integral
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e sucedaneo lacteo, que € a principal fonte nutricional nas primeiras semanas de vida
dos ruminantes (Gorka et al, 2011).

Visto que o desenvolvimento de todo TGI é fundamental para um melhor
aproveitamento de nutrientes que resultam em um acelerado crescimento corporeo e
maior resisténcia a ocorréncia de doencas, é importante investir em alternativas que
melhorem tanto o desenvolvimento ruminal quanto intestinal. Em ruminantes sao
conhecidos os efeitos benéficos do acido butirico no desenvolvimento e maturacéo do
epitélio ruminal (Mentschel et al.,2001). Além disso, estudos mostram efeitos
benéficos da suplementacao dietética de butirato ndo s6 no crescimento ruminal, mas
também no desenvolvimento abomasal, intestinal e pancreatico em bezerros
(Guilloteau et al, 2009; Goérka et al, 2014), e ndo s6 em ruminantes, também alguns
estudos relatam efeitos benéficos no desenvolvimento do TGl em suinos recém
nascidos (Kotunia et al, 2004; Le Gall et al, 2009) e aves (Moquet et al., 2016).

2.2 Fontes Naturais de Butirato

O acido butirico é um acido graxo de cadeia curta, naturalmente produzido
através da fermentacao bacteriana no rumem e intestino grosso (Bergman, 1990). Ele
€ 0 menos abundante entre os trés principais produzidos a nivel ruminal (propionato,
acetato e butirato), variando entre 5 a 20% dependendo da dieta. Em grande parte, é
absorvido na parade ruminal, servindo como fonte de energia para o proprio
desenvolvimento das papilas ruminais (Bergman, 1990).

O butirato também esta presente, mesmo que em pequena quantidade, no leite
integral, sendo este alimento a principal fonte da molécula para bezerros recém
nascidos que ainda néo estéo ingerindo alimentos solidos (Guilloteau et al., 2010).
Sua concentracdo em forma livre no leite integral é baixa, cerca de 0,16 gramas por
litro, porém, segundo Guilloteau et al. (2010), esta quantidade ja pode ser suficiente
para afetar o desenvolvimento do TGI. Além da forma livre, o butirato pode ser obtido
através da quebra de moléculas de gordura do leite no abomaso, a qual contem cerca
de 2 a 4% de butirato (Chilliard et al, 2009).
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2.3 Fontes Artificiais de Butirato

O butirato é fornecido na dieta em forma de sais ou ésteres, essas formas se
tornam vantajosas em relacdo ao &cido butirico em forma livre, por apresentar uma
maior estabilidade, uma reducao do cheiro forte e caracteristico do acido butirico, além
de facilitar o manuseio e fornecimento em larga escala na dieta dos animais
(Guilloteau et al.,2010).

A forma mais comum encontrada do butirato para ser fornecido na dieta € na
forma de sais de sodio, por questdes econdmicas e por ser altamente sollvel em agua
e prontamente liberado a nivel ruminal quando fornecido na dieta soélida sem protecéao,
ou a nivel abomasal e intestinal quando fornecido na dieta liquida (Mallo et al., 2012).
Ja o butirato de célcio, que € menos comum, é mais insolivel em &gua tendo uma
maior resisténcia a dissolucao sendo liberacdo mais lenta ao longo do trato, porém
também sua taxa de perda, sem ser absorvido, se torna maior (Mallo et al., 2012).

O butirato tanto de sédio quanto de calcio pode também ser encontrado de
forma protegida, geralmente encapsulado por uma matriz lipidica (Moquet et al, 2016).
Esse envoltério reduz a velocidade de dissociacdo e liberacdo do butirato no trato
digestivo, fazendo que uma pequena parte seja liberada no rimen e uma maior parte
liberada no abomaso e intestinal, devido a acdo das lipases presentes no fluido
abomasal e acdo do suco pancreatico a nivel intestinal, isso quando fornecido em
dieta solida (Piva et al., 2007).

O fornecimento do butirato de forma protegida em dietas liquidas néo é usual,
pois primeiramente o envoltorio lipidico dificulta a diluicdo do produto no leite e
também pois o principal objetivo de proteger é para 0 mesmo ndo ser completamente
liberado a nivel ruminal, entdo como o alimento liquido naturalmente é desviado do
rimen pela goteira esofagica, a protecdo néo se faz necessaria (Gorka, et al. 2011).
Porém, estudos sdo necessarios para verificar possiveis beneficios do fornecimento
da forma protegida em dietas liquidas, visto que apenas um estudo até 0 momento

realizou o fornecimento desta forma (Nazari et al., 2012).

2.4 Suplementacéo na Dieta L iquida

Como dito acima, os estudos até o momento com fornecimento em dieta liquida

sdo utilizando o butirato em sua forma desprotegida. Além disso, a grande maioria dos
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estudos séo suplementando o butirato em dietas liquidas a base de substituto lacteo,
visto que neste, o butirato ndo esta presente e na maioria das formulacdes a fonte de
gordura é provinda de gorduras vegetais que sdo pobres em butirato. Diferente do
leite integral, que como dito anteriormente possui uma concentracdo de butirato livre
e outra associada as moléculas de gordura (Guilloteau et al. 2010, Chilliard et al,
2009). Isso tudo justifica entdo que a suplementacdo com butirato se faz necessaria
principalmente em sucedaneo. Porém, ndo se descarta e sdo necessarios mais estudo
para verificar se a suplementacdo com butirato em dietas a base de leite integral
proporciona um melhor desenvolvimento do TGI, corpéreo e reducao de doencas.
Em estudos a suplementacéo de butirato no sucedaneo lacteo provocou efeitos
mais pronunciados a nivel de intestino delgado e na funcéo pancreética, com reducao
dos indices apoptéticos, aumento do tamanho de vilosidades e espessura de mucosa
(Guilloteau et al, 2009; Gorka et al, 2011), assim como aumentou a secrecdo de suco
pancreatico, quimotripsinas e lipases (Guilloteau et al, 2010). Porém, esses resultados
sédo relatados em estudos utilizando substituto lacteo, onde a suplementagdo de
butirato tornou o desenvolvimento das bezerras semelhante ao observado em animais
alimentados com leite integral (Goérka et al, 2011). Mais estudos séo necessarios para
verificar se existem efeitos benéficos da suplementacdo também em animais

alimentados com leite integral.

2.5 Suplementacdo na Dieta Sdlida

O butirato quando fornecido na dieta sélida sem protecdo é rapidamente
dissociado, e devera afetar predominantemente as estruturas ruminais. Estudos
mostram que nestes casos ocorre um aumento do comprimento de papilas no rimen
e um maior consumo de alimentos, favorecendo o crescimento e melhorando o Ganho
Médio Diario (GMD) dos animais (Cavini et al., 2015). No entanto nestes casos 0s
resultados relacionados a melhora do desenvolvimento intestinal e secrecéo de suco
gastrico ndo sao relatados afirmativamente, apesar de estudos mostrarem que quanto
maior a ingestdo de alimentos e melhora na funcdo ruminal, melhor sera a atividade
intestinal.

Ja em casos em que o butirato é fornecido em forma protegida espera-se que
0 mesmo seja liberado em maior quantidade e tenha seu principal local de acdo o

intestino delgado. Além disso essa forma de suplementagcdo permite uma liberagcéo
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controlada e por maior tempo que além de possibilitar que 0 mesmo atinja o trato
inferior, proporciona um maior aproveitamento do suplemento (Gérka et al, 2011,
Kowalski et al, 2015).

Como dito a principal forma de gerar essa protecéo € a inclusédo do butirato em
invélucros lipidicos, esta técnica de protecdo € utilizada para muitas outras moléculas
(Rossi et al., 2003). Esta protecédo reduz significativamente a degradacédo a nivel
ruminal pela fermentacéo microbiana e as microcapsulas de gordura com butirato, séo
facilmente transportadas pelo reticulo, rumen e omaso, fato o qual também permite
gue o mesmo seja liberado em maior quantidade a nivel intestinal e ndo unicamente
a nivel ruminal (Kowalski et al, 2015). Porém ainda nédo existem estudos que
comparem de forma controlada os efeitos das duas apresentacdes (protegida e

desprotegida), na suplementacao em dieta sélida de bezerros.

2.6 Mecanismo de Ac¢ao

O mecanismo de acao do butirato ainda é bastante discutivel, com efeitos
diretos por ser uma fonte de energia para o desenvolvimento das estruturas internas
do trato gastrointestinal (Wiese et al, 2013), mas também sédo relatados efeitos
indiretos, atraves da estimulacdo de expressdo genica e secrecdo de hormoénios e
fatores de crescimento como o IGF-1, insulina e GLP-2 (Herrick et al, 2017). Os efeitos
indiretos sdo mais aceitos visto que com doses muito baixas que sao insignificantes
pensando em aporte energético, como menos de 0,3% da MS, jA sdo observados
efeitos positivos na promocéo do desenvolvimento de papilas e vilosidades (Cavini et
al., 2015).

Relacionado a expressao génica o butirato tem efeito sobre a acetilacéo e
desacetilacdo das histonas (Canani et al., 2011), através do blogueio das enzimas
histonas desacetilases. O bloqueio desta enzima, permite uma maior acetilagdo das
histonas, resultando na descompactacdo da cromatina o que aumenta a expressao
génica e reduz a apoptose (De Ruijter et al., 2003). Esta maior expressao pode
explicar em partes o maior desenvolvimento de papilas, por um efeito direto
relacionado ao crescimento tecidual local, mas também por um efeito indireto
relacionado a maior expressao de genes relacionados a estimulacdo do apetite dos

animais (Guilloteau et al, 2010).
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2.7 Efeitos da Suplementacdo no Crescimento e Reducdo de Diarreias

O maior consumo de alimentos em animais que recebem o butirato é relatado
em diversos estudos (Burakowska et al., 2017; Davarmanesh et al., 2015; Gérka et al,
2014; Mccurdy et al.,, 2019; S|l us ar c zy k )edsse adiar cons@ntb Ip6de
explicar o melhor desempenho de crescimento e GMD relatado nos animais
suplementados com butirato (Davarmanesh et al., 2015; Hill et al, 2007; Liu et al. 2021,
S | urszyk et al., 2010). Além do maior consumo, o acelerado desenvolvimento de
papilas e estruturas do trato gastrointestinal, podem melhoram e digestdo e o
aproveitamento dos nutrientes resultando também em um maior crescimento
corporeo.

A diarreia é uma das principais causas de mortalidade em bezerros e também
de perdas econbmicas na pecuaria, principalmente por retardo de crescimento e
namero de 6bitos, o qual pode chegar a 20% (Mota et al., 2000). Esta € considerada
uma doenca multifatorial, podendo envolver o animal, 0 ambiente, a nutricdo e agentes
infecciosos (Buzinaro et al., 2003; Fontes et al., 2006), podendo o butirato de sédio
ser uma alternativa para reduzir estes prejuizos.

E relatado em alguns estudos uma reduc&o nos dias com fezes anormais e
uma menor ocorréncia de diarreia em animais suplementados com butirato (Hill et al,
2007; Gorka et al, 2011). Isso pode estar relacionado com a melhor condicao
nutricional e de desenvolvimento gastrointestinal proporcionada pela suplementacao,
assim como o efeito antioxidante relatado por Liu et al (2021). Além de um possivel
efeito antibacteriano gerado por uma alteracdo nos gradientes eletroquimicos e uma
reducdo no pH intestinal (Cherrington,1991; Drackley et al, 2008), o que limita o
desenvolvimento de bactérias patogénicas. Este efeito também ja foi relatado em

humanos (Krokowicz et al., 2014).
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3 OBJETIVOS

3.1 Objetivo geral
Avaliar a eficacia da administracao continua de butirato de sédio ndo protegido
em dieta liquida na prevencéo de diarreias, desenvolvimento corporeo e do trato

gastrointestinal em bezerros neonatos.

3.2 Objetivos especificos

1. Avaliar o desempenho zootécnico de bezerras leiteiras submetidas a administracéao
continua de butirato na dieta liquida;

2. Avaliar o grau de desenvolvimento das células do trato gastrointestinal (tamanho
das papilas e superficie absortiva) dos bezerros que receberam administracao
continua de butirato na dieta liquida;

3. Avaliar a expressdo génica, em nivel intestinal, para fatores de crescimento e
apoptose em bezerros machos submetidos a administracdo continua de butirato na
dieta liquida;

4. Determinar a morbidade, recidivas e mortalidade por diarreia em bezerras leiteiras
submetidas a administragédo continua de butirato na dieta liquida;

5. Determinar o escore de fezes de bezerras leiteiras submetidas a administracao

continua de butirato na dieta liquida
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The present study aimed to evaluate the effect of continudysate administration in dairy
calves' liquid diet consideringjarrhea metabolic profile, gastrointestinal developmemtd
corporal growthimmediately after birth, calves were randomly edited into 2 groups @?2
calves(50 females and 12 malete Butyrate GroudBG) received 4 g/day of sodium
butyrate (Admi® Easy- Adisseo) diluted in the whole milkandthe Control Group(CG)
received whole milk with neupplementatioriThe product was administrated from day one
of life until the weaning at 98ays Fecesonsistency was assessed daily for the firad 80d
characterizedby scores from 0 to 40(and 1 for normal and 2, &nd 4 for abnormdeces.
Diarrhea was diagnosed when the animals had abnéecedand feverMorbidity,
recurrence, mortalifyand lethality data were recorded and compared betthegmoups.
Averagedaily weight gain ADG) and corporal pwth (body weight, thoracic perimeter,
heigh at the withersand croup widthwereevaluated weeklyfrom the first day to the 30th
and later at the 45th, 6Qthnd 90thd of life. Blood samples were taken weekly for up tod30
to determinghemain plasma parameteiia a metabolic profileThe males were euthanized
at 15 (n = 6 per group) and 8@dn = 6 per group) for morphometric, histologicahd gene
expression analysis of the gastrointestinal trélse results showed that tB& had a lower
rate of morbidity BG = 30%vs CG = 50%) and recurrenc8G = 26.7%vs.CG = 60%) of
diarrheathan CG In addition, the B had abnormaiecesfor a shorter perioBG = 4.64 +
0.47d vs.CG = 8.6 £ 0.65). TheADG tended to be higher in@thanCG up to30and 60
days Metabolicevaluationshowed théowest levelof glucose andiighest level®f NEFA

in BG. Onday 300f life, rumen papillae lengtipapilla areaduodenunvillus length and
crypt depth were higher in@than in G5. The duodenal gene expsésn at 30d showed that
animals with diarrhea episodéwtdid not receive butyrate had the highest levels of
transcripts for th& CT andGLP2genesIn addition in different waysbothbutyrateand
neonatal diarrheaffeciedthe expression dfansporterelatedgenesSLC5AlandAQP3and

appetiterelatedgenesPYYandGHRL These results allow us to conclude that continuous

supplementation with sodium butyrate improves gastrointestinal development, reduces the

occurrence ofliarrhea and makes clinical conditions mildeith faster recoveryfavoring a
higher ADG in the firsBO and60d of life. We conclude that sodium butyrate can be

indicated for liquid diet supplementation to accelerate gastrointestinal tract developohent a

preventsevere cases okonatal diarrhedaending to improve average daily gaintil the

weaning.
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Keywords: gastrointestinal development, gene expres$emgs metabolism.

INTRODUCTION

The rearing of dairy heifer calves is essentidhmlife production cycle of the dairy
cow. In this process, the neonatal period is a critical moment in which nutitidn
management practicasecrucial to prevent diseases and ensl&eclopment andurvival
until the weanindVolpato et al., 2017)After birth, thenew environment, loaded with
potential pathogensan predispose to the developmenhebnatal diarrhea, whidh the
leading cause of morbidity and mortality in cal{B®sa et a 2018; Urieet al., 2018)

Growth delay,increased susceptibility to other diseasests withthe preventiontreatment,
geneticlosseqCho and Yoon2014) reproductive efficiengyand milk production

throughout life(Urie et al., 2018are the main@nsequencesf diarrhean heifer calvesin
addition, the occurrence of diarrhea is related to the delay in the development and bacterial
colonization of the gastrointestinal tract in the-seaning period (Diast al, 2018)

The development and maturation of the gastrointestinaldcacirinitially under the
stimulationof aliquid diet (colostrum and milk) and later by solid foods (roughage and
concentrate) (Guilloteau et al., 200Recently butyratehas been identifiedsaanessential
player inthese processés calves(Dias et al., 2018)

Butyrate is naturally produced raminantstumen and large intestinéSorka et al.,

2018) These intestinal portions are composed of a great diversity of baftiegg archaea

and viruses, influenced by internal and external factors that modulate their composition and
function(Moraeset al.2014) which canplay a role in hormone production and subsequent
fertility (Wijdeveld et al., 2020)These have revealdldat the microbiota can affect behaviors,
including feedingandmodulating digestive/absorptive processes, metabpéisthimmune
response, with repercussions on energy, homeostasis,, lagaltteproduction of hosts
(Wijdeveld et al., 2020)

An increase in size and number of ruminal papillae@ndevelopmendf intestinal
epithelium villi and cryptsvereobserved in response to butyrate supplementation in newborn
calves(Hill et al., 2007).Therefore favoring the digestibility ofood, improvementof the
intestinal absorptive arebetter fecal consistencgndthe growthof the animalsvere
reported(Hill et al., 2007).In addition, the increase in pancreatic juice production; anti
secretory and anthflammatory effects in the intestine, timfluence on the somatotropic

axis and energy metabolism have been observed in respotisestgoplyof sodium butyrate
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in the liquid dietof cattlein the initial phases dhedevelopment (Guilloteau et al., 2009;
Canini et al., 2011; Gorka et al., I8).

Although the influence of butyrate on the development of the gastrointestinal tract has
already been reported in several studies (Guillogtal, 2009; Gérkaet al, 2011), a
possible preventive action in cases of neonatal diaabsaciated with its use as a food
supplement, has not yet was investigaWd. hypothesized that in addition to promoting
gastrointestinal development, butyratgghtact onpreventingdiarrheal conditions
contributing to thegrowth-promoting effect.

Thepresent study aimed to evaluate the effect of continuous administration of butyrate
in the liquid diet of dairy calvesn diarrhea metabolic profile, gastrointestinal development

and corporal growth

METHODOLOGY

Experimental Design

All proceduresn this studywere approved by thenimal Ethics and Experimentation
Committee of the Federal University of Pelola$CBJA 9466-2020).The study was
conductedbna commercial farm with an intensive milk production systeRionGrande
RS Brazil(32° 16 'S, 52° 32' E124 Holstein animal&/ereusedfor the study(100 females
and 24 males Soon after birth, identification was performed with earrings, and tineaén
were housed imdividual pens containingce huskbedling. Four liters of colostrum with a
quality equal to or greater than 25 degrees Brix were provided for the calves within the first
12 hours after birthAlso, 10% iodinewas applied to thambilical twice daily forthe first 3
d. After that, the animals were transferrecetevatedvooden hutcheandraised individually
until 90d, fed daily with six liters of milkandwith access tovater anca solid dietad
libitum. The milk supplied had dry matter average of 12%ry matter content (g/kg)
analyzed chemical composition (g/kg dry mattand the garantee levels of the solid ration

provided during the experimeate shown irBupplemental Table S1.

Experimental groups

The 124 animals were homogeneouslgdomizednto two groups by birth order and

weight. The Butyrate GroupBG) (50 females and 12 males, n = 62) received daily, a
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commercial product containing 90% of sodium butyrate (Admix Easi@sseo) added to
the mlk, throughout theoreweaningperiod, following the manufacturer's recommendation
(4g/day, 0.2% of total DM)T'he Control Group (CG) (50 females and 12 males, n = 62)
consisted of animals that received only milk without any additive.

The failure of passe immunitytransfer(FPT) was usedo excludeanimals Between
24 and 48 h of life, blood was collectegjugular venipunctur@sing a Vacutainer System
(BD Diagnostics, Séo Paulo, Brazlhdtubes containing EDTAThe whole blood was
centrifuged to obia and analyz¢he total plasmatic protein concentration, and values of at
least5.5 g/dLof PPT(corresponding td g/dL of serum immunoglobulin)avereused as a
cutoff point (Tyler et al, 1996)

Fecesscore evaluation

Fecexonsistency was determined daily up tod38f age (n = 100), using the
following score: 0 (normal), 1 (loose), 2 (watery), 3 (profuse diarrhea with liquedied ¢
(profuse diarrhea with liquefied and blooidged. Based on théecesscore, animalsvith
values equal to or above 2 (2 to 4) were considered to have diamdstagMcGuirk, 2008)
Also, other possible clinical changes, such as fever or dehyd(&amostits et al., 2006)
were considered for diagnosid@rrhea The daydiarrheaendedwas considerethe dayat

the animahgainpresenédfecesscores of O or 1.

Disease monitoring during the preweaning period

Thefemaleswere monitored up to 9@of age for the occurrence diarrhea
determining morbidity (humber of animals that became ill /total number of animals in the
experiment), mortality (number of animals that died / total number of animals), lethality
(number of animals that died from diarrhea/number of animals thatiGatea and
recurrence (nundy of animals that became sick twice or more during the period considered).
Diarrheain males was also monitored until 15 andd3ff age.

The occurrence of respiratotyseases, as well as mortality from this disease, was also
determinedFurthermorepther neonatal diseases wekaluated, generating the incidence of
eachconditionand the overall mortality (total number of animals that died / total number of
animalg (Radostits et al., 2006)
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Zootechnical evaluations

Assessments of weight, thoracic perimeter, height at the witetsump width of
the animals were performed at birth and weekly untidl 80age and later at 45, 6&nd 90d
of age.Theaverage daily weight gaiDG) of animals that completed @0of age (100
animals, minus deaths) was determitiedugh body weight

Collection of tissue fragments from the gastrointestinal tract

At 15 and 3@ of age, six males from each group were euthanized to evaluate the
development of the gastric and intesticampartments, totaling 12 animals per group. The
performance of euthanasia followed the recommendations of the Federal Council of
Veterinary Mediane (CFMV) expressed in Resolution No. 1000, of May 11, 2012. After
confirmation of death, rumereticulum, omasum, and abomasum were individualized,
emptied, washed repeatedly with water, dried, and weighed. Tissues?oféaacollected in
duplicate forhistological and moleculanalysis The location of the tissue collection
includedthe sac of the rumemmid-ventral portion otheabomasumduodenum (about 10
centimeters distal to the pyloric sphinctggjunum (10 centimeters distal to the duodenal
jejunal ligament)ileum (10 cm proximal to the ileocecal junctipaipd colon (medial
portion) (Liu et al, 2018) All samples were collected in duplicate for histological and
molecular analysis.

Thefragments were fixed in 4% formalin for 48 hotws hisological analysisand
stored in 70% alcohoFor gene expression analysis, the colletissiiesvere quickly
washed in sterile saline solution at 0.9%, inserted into cryotubes free of DNAse and, RNAse

frozen in liquid nitrogen, and subsequently store@@t°C.

Histological analyzes

Thesamples were sequentially dehydrated in 80%,,20% absolute alcohol, cleared
in xylene and incorporated into paraffin bloclsring processingrhick sections (10 sections
of each sample) were taken from eaadcewith a microtome (RM 2245, Leica Biosystems
Nussloch GmbH, Germany)These were distended on microscopy slides and stained with
hematoxylin and eosito be mounte@Entellar?, Merck, Germanyin coverslips onto

microscope slideand latercovered with coverslips.
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Images fronslides werecapturel by a camera (Moticam 5, 5.0 MP, USB, Métjc
China) attached to a microscope (Eclipse E200, Nikdapan)The morphometry of the
rumen papillae (legth, width, surfaceand density) and intestinal villi (height, depth of the
crypt, and villuscrypt ratio) were determined in 30 papillae (rumen) and 30 villi with
corresponding crypts (intestine$ingthe image analysisf thesoftware (Motic Images Pu
2.0, Motic®, China).The length of the ruimal papilla was measured from the apex to the
base while the widthwas inthe middle ofthe papillalHofmann and Schnorr, 198Density
was evaluated with a magnifying glass (SM45TR, Physis®) attaclied tadeo camera
(Moticam 5, 5.0 MP, USB, Motf; China)anddeterminedurtherusing the Image J (Image J
1.44 software, National Institutes of Health, Bethesda, UBAgsurface of the papillae per
cn? was determined as length x width X12the intesne, the villus height was measured
from the villus tip to the villusrypt interface, while the crypt depth weaculatedrom the
villus-crypt to the lamina propria openiagithe base of the vil{iSchaff et al 2018).

Gene expressioanalysis

After histological evaluation, it was observed that the main morphometric changes in
response to butyrate supplementation occurred in the duodenal tissuecdtid®. Thus
duodenal tissues froanimalsof the CG and BGdiagnosed with and wibutdiarrheaduring
the neonatal period (n = 3 animals per grotpptranscriptdevels for the geneSlucagon
like peptide 2 GLP2), Lactasel(CT), Insulin-like growth factor 1IGF1), Solute Carrier
Family 5 Member ISLC5A), Aquaporin 3(AQP3, Ghrelin GHRL), Proopiomelanocortin
(POMOQ) and Peptide YYRYY) analyzed Supplemental TableZ.

RNA extraction was performed using the PureLink® kit (Invitrogen, Carlsbad, USA),
with minor adaptations to the manufacturer's instructions (30 mg of t830eiL of lysis
buffer, and final elution with 30 pL in DEPC wateflotal RNA quantification was
performed using a NanoVEe spectrophotometer (GE Healthcare, Chicago, IL, USA).
Through the absorbance ratio of 260/280 nm, a purity index of 2.04owvas observed in all
samplesComplementary DNA (cDNA) synthesis was conducted usiagdigh Capacity
cDNA Reverse Transcription kipplied Biosystems, Waltham, Massachusetts, UB)
an input ofl ug oftotal RNA, to a final volume of 20 ylfollowi ng t he manuf act
instructions

Reattime PCRwasperformedn the StepOne system (Applied Biosystems, Waltham,
Massachusetts, USA), using 1 pL of pure cDMRCR Mix, and CXR reference probe
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(GoTaqg gPCR MasterMix, Promega, Wisconsin, Madison, UB#Wedto specific primer
pairs(Exxtend, Paulinia, S&o Paulo, Braxith 0.25 puM concentratianThe finalvolume of
thegPCR reaction was 12.5 piand all reactions were performed in dupkcahermocycling
conditionsfollowed the manufacturerisstructions

The difference# the gene expressidevelsof duodaal samplesrom groupsBG,
CG, diarrheaBG, and nonrdiarrhealCG at 30d of age (n = 3 animals per group) were
determined using the®2®T method(Livak and Schmittgen, 2001)he relative expression of

the target genesasnormalized with thékRN18SIgene Table ).

Blood collections and metabolic assessments

Blood collections were performed through jugular venipuncture b8, 15, 22and
29 from 20 animals in each groupubes withoutanticoagulantsvere used to assess serum
levels of total calcium, phosphorus, chloride, bicarbonate, BHigtahydroxybutyate), and
NEFA (nonesterified fatty acidsand tubes with potassium fluoride for lactate and glucose
assessmenitmmediately after collection, blood samples were centrifuged at 3,500 rpm for 10
minutes to obtain serum and plasi8absequently, thelyave placedh 1.5 mIEppendorf
type microtubes (in duplicate) and frozdime collected serum and plasma samples were
evaluatedusing Plenn@nzymekits (Labtest DiagnosticdG, Brazil) in a Labmax Plenno

automatic biochemical analyz@rabtest DiagndsticaG, Brazil).

Statistical analysis

All data were normal (F>0.90) using the Shapdk distribution test Continuous
variables with multiple collections such astechnical evaluations, gastrointestinal
morphometriesand metabolic parameters were evaluated using the GLIMMIX model,
considering the animal, group, collection time, and interactions. Continuous variables with a
single collectionsuch as the AD@Gwvere analyzed using theté&st. Categorical variables were
evaluated using the clsiquare test. All thabove analysesere performed in the SAS
statistical program (JMP Pro 14.0, SAS Institute Inc., Cary, NC, USA). The results of
differential gene expression, considering the group and the occurrence of neandtahdi
were obtained by twavay analysis of variance (Twway ANOVA) using the GraphPad
Prism v.8 softwar¢San Diego, CA, USA)P values< 0.05 were considered statistical

difference and p values0.05 and < 0.1 considered trends.
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RESULTS

Occurrence of disease and mortality

When comparing the averages of diarrhea morbidity, considering theretaaning
period (90d), a difference of 20% was observed between the Control and Butyrate groups
(CG=50% vs.BG = 30% p=0,04. There was also a lower recurrence of cas&dn
compared to ControlJG = 60% vs BG = 26.67% p=0,04) Thecomparison resultsetween
morbidity, mortality, lethalityand disease recurrence rates can be seen in Table

Fecesscore

Thefecesscore was used to characterize the time that the calves of each group
remained diarrie( scor e O 2) daf life. As@ resul, the Hutyratesgroup3 0
showed a reduction itwith diarrhea(p <0.001) compared to the Control group (Figure 1)

Zootechnical evaluation

In the zootechnical evaluations, there was a tendency (p = 0.07) towards a higher ADG
when considering the neonatal period, up ta,281d a trend (p = 0.09) from 0 to 60In the
other periods, the ADG of the Butyrate group was equivalent to that Glottteol group (p >
0.1) (Table3). The other zootechnical parameters of croup width, thoracic perimeter, and
height at the withers were not influenced by butyrate supplementation in the calves' diet (p >
0.1) (Table3).

The achievementfawice the birthweight at 60d and at 9@ was evaluatedl'wice
birth weight is the index used as a parameter for weaAingQ d of age, there was a
tendency (p = 0.06) for a higher percentage of animals in the Butyrate group to reach twice
their birth weighthanin the Control group (25% vs. 10.64%he property weaned most of
the animals at 96 of age, and at this moment, 93.75% of the animals in the Butyrate group
and 91.3% of the Control group presented double or more than birth weight, with no

difference between groups (p > 0.1).

Morphometric assessments of the gastrointestinal tract
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The hstological evaluations aimed to measure the development of the gastrointestinal
tract Size, density pecn?, width, area of the ruinal papillae, villi size and depth of the
cryptsin theduodenum, jejunurrandileumwere evaluatedrhe results witlp values for the
difference between grogpage and interactiopare shown in Tabléd and Figure 2.

In the rumen, a greater papilla length (p < 0.01) was obseni@ {660.92 + 10.28
pm) compared to CG (388.67 + 10.28 um) add3ff life (Figure 2A), which reflected in the
largest area of papill®G 0.276 + 0.008 veCG 0.184 + 0.008 mm2, p < 0.01) (Figure 2C).
The density of papillae per dwas also higher iBG (206.33 + 3.28) compared to CG
(163.17 £ 3.28; p < 0.01). As for the whdbf the papillae, there were no differences between
the groups (p > 0.05), only between the ages (Figure 2B).

In the small intestine portion, a difference was observed between the groups only in
the duodenum portion, where the villus lengtiB{d was 48814+ 4.76 um and 446.87 + 4.76
pum in theCG, being statistically higher in tH&G (p < 0.01) at 3@ of life (Figure 2D). The
same was observed for the crypt depth, which was 254.96 + 2.75B@Gwarsus 231.32 £
2.75 um inCG (p < 0.01) (Figure 2E).

Regarding the total weight of the gastric compartments (reticulum, rumen, omasum
and abomasum), theveere no differences between the groups (CG = 690.25 + 24.1Bgvs.
=733.5+24.14g, p =0, 22).

Gene expression analysis

Therelative expression dGGF1, LCT, andGCGgenesn the duodenum are shownfigure 3
and the relative expressions of 8leC5A1 AQP3 POMC, andPYYgenesare shown ifigure
4.

Metabolic Assessments

In the metabolic evaluations, a higher concentration of glucose (p<0.01) was observed
in the control group in relation to butyrate when obsemedl analyzed periods, whereas the
serum concentration of NEFA was higher (p<0.01) in the butyrate (figufign&)other
analyzed markers showed no difference between the gréigpse 6 shows the results of
Glucose and NEFA, also considering the occurrence or mbawwheaduring the period.
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DISCUSSION

In our study, sodiurbutyrate supplementation in the liquid diet reduced morbidity and
diarrhea recurrences, similar to that previously found by Hill et al. (2007) and Gérka et al.
(2011). This finding can be attributed to a possible antibacterial effect provided by sodium
butyrate According to Cherrington (1991)utyratechangeslectrochemical gradients and
reducesntestinal pH affectingthe colonization of pathogengramnegativebacteriathe
leadingcauseof diarrhea (Dracklegt al, 2008).

A shorter periodvith almormalfeces was also observed, similar to Hill et al. (2007).
The explanation may be related to a possible reduction in the infective pressure of pathogenic
bacteria at the gastrointestinal level in response to supplementation (Guidbt#af010).
Another reason could be related to the earlier development of the rumen and duodenum
observed in the histological evaluatiohBG. Better use of the food and consequently
improvedmetabolic condition, allowing more significanenergy intakeenablingan
accelerated recovery from diarrhea (Guilloteau et al., 2@iDyvell as a reduction in
intestinal permeabilityWu et al, 2022)

Our results suggest thaeéspitesodiumbutyratenot passinghrough the rumernt
indirectly enhanced rumen papillae's earlier developrime@®B. These resuliagree with
Guilloteau (2010) and Goérka (201Theyassociatethutyrate supplementatiomith an
increase in the secretion of peptides and hormones from the gastrointestinal tract, wtich cou
explain the development of the rumen, even withpiieelominance of bquid diet.

The greatevilli length and crypt depth increasige absorption surface area
Consequently, there is greater use of the ingested nutrients, as previously repohted in ot
studies by Guilloteau et al. (201@yieten et al. (2017and Gerbert et al. (201With
butyrate supplementation in bovine didtging preweaning This effect can also explain this
more remarkable developmentappetite and greater consumptios@tved by Mccurdy et
al. (2019) Still, unfortunatelythis was not evaluated our study.

In our study, at 3@ of life, villi developmentwas remarkable ithe duodenundue to
butyrate supplementatioAlso, thelGF1 gene, which regulates growth, was less expressed in
calves supplemented with butyrate than in the Control gi®igpificantdevelopment of
intestinal vili and bwer expression of IGF1 in calves supplemented with butwasealso
reportedoy Kochet al. (2019) These resultsuggesthat proliferation and development in

this tissueareprobably not mediated by the IGF1 gene.
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The lactase gene (LCT) is relatecctmsuminga diet rich in lactose since it encodes
the lactase enzyme, which is partloé intestinal secretion of young mammals and essential
for the digestion of milk (Le Huerou et al., 1992). In addition, the increase in the depth of the
intestinal crypts, an indicator of intestinal maturation, is related to a reduction in lactase
activity, occurring gradually, from birth to weaning. The highest levels of transcripts for the
LCT gene in our study were observed in thewdth diarrhea, composed of animalgh
neonatal diarrhea ambt supplemented with butyrate. This result contrasts Wwéhtuch
lower expression pattern of animals diagnosed with diafrbeaGB that,despite having
suffered from neonatal diarrhea, had levels of LCT transcripts similar to thosecohtha
CGthathavenodiarrhean the first 30d of life. Consideringhe importance of lactase in
milk digestion (Le Huerou et al., 1992), the reduced expression of LCT foundiatf 3i¢e in
calves may indicate a reduction in the demand for intestinal lactase, proportional to the
development of the gastrointestinal trantd the consumption of solid foo¢iicola et al.,

2022) Unfortunately, as stated abgewaluatingndividual feed consumptioim the present
study was not possible. Still, thesults suggest a predominance of solid diet consumption
overaliquid diet, both in the G that did not have diarrhea and in 8@ that hacheonatal
diarrhea

The GLP2 gene encoding the hormone &LB related to tissue development and
repair (Burrin et al., 2005Whenadministered exogenously in healthy animals of
monogastric specigghis hormone promoteastestinal epithelium growth by increasing villi
and cryptsreducingepithelial cell apoptosignd improvinggut blood flow, nutrient
absorptionandepithelial barrier functionAlso stimulatingintestinal blood flav, and
producingantiinflammatory effects, regardless of their cell proliferation actions (Dubé &
Brubaker 2007).

The pattern of GLP2 gene expression in the present study was very similar to that
found for the LCT geneBoth werehigher in the grougvith neonatal diarrhea, differing from
the pattern of the animabgth diarrheafrom BG, which presented gene expression values
similar to those of animals that did not have diarrhea in the neonatal period. Despite the role
of GLP-2 in normal intestinal funatn in monogastric species, its functional role in ruminants
has not been well investigated and remains poorly understood (Connp2e1@). Our
results indicate a positive correlation between the LCT and GLP2 genes. Considering what
has already beengtiussedboutlactase, the animals in the groups with and without neonatal
diarrhea, supplemented with butyrate, haate remarkablentestinal development at 3D

and therefore wouldonsumea predominantly solid diet. In this case, these two genes seem t
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act synergistically as markers of intestinal immatwsihcetheir expression is positively
correlated with milk consumption. Furthermore, recent studies have suggested tHah&d P

a protective effect on intestinal permeability and the subsequétraiidn of endotoxins
(Kvidera et al.2017). This may explain the high expression in the Control group with
neonatal diarrhea. Alst this sense, considering that the high GLP2 expression is due to a
demand for local tissue repair caused by the inflatory process and increased intestinal
permeability in the animals that had diarrhea, in the group supplemented with butyrate, the
reduced expression of GLP2 may suggest that the demand has been smaller.

Sinceour studyfound that the GB animals remaine@th diarrhealfecesfor fewer
days it is possible that the increase in intestinal permeability and the local inflammatory
stimulus in this group wemainimal. The low expression of GLP2 on day 30 of life suggests
that tissue repair after diarrhea tod&age in a shortgperiodin GB, leading this group of
animals to have a status in terms of gene expression equivalent to that of animals that crossed
the entire neonatal period in the absence of diaieala et al., 2022)

TheSLC5Algene is involved in transporting glucose from the intestinal lumen to the
body (Wrightet al, 2013). Our findings indicate that its higher expression was stimulated by
a compensatory effect on the occurrence of diarrhea, unlike other studieg{Rlhs2018),
which found a negative regulation of diarrhea on gene expression. This may have occurred in
our study, as the collections were not carried out on the day of diaBtiieat30 days of
life, when the conditions were no longer in the clinicalrse, the gene expression was higher
due to the possiblemore tremendouseedfor energyto restore intestinal tissues damaged by
the disease

In the same way as tI8.C5A1, the AQP3 expression waseatl affected by the
occurrence of diarrhed@he AQP3 gene is a stimulator dbrming aquaporinschannels
responsible for transporting water through the intestinal wall (Rojek et al.,.20Q@8)r study
was downregulated in the animals that have neodetahea Thisnegative regulation was
previously foundin rats withcolitis by Zhao et al. (20149nd in calvesvith mild
inflammatory diarrhedy Rosa et al. (2018), indicating a redueeder exchangbetween the
intestinal lumen and the epitheliumthis case

The POMC and PYY geneontrolsatiety (Schwartet al, 2000; Batterharet al,

2002) POMC was not affected by butyrate supplementation nor by diairheantrast,
PYY, which reduces the appetiteas downregulated by butyrate in animals without desarh
and upregulated in animals with diarrhBasedon our resultsbutyrate reduces satiety in

healthy animals and increases satiety in animals with diarrhea.
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The GHRL gene, on the other hand, encodes the hormone ghrelin, the hunger
hormone, stimulatingppetite (Romero, 2006J hegene was more expressed in the GC
without diarrhea, indicating that butyrate reduced hunger in healthy animals but was not
affectedin animals with diarrhea.

A lower serum glucose concentration in the GB was also found inutthe Isy Hatew
(2019), who observed, in addition to the glucose reduction, an increase in insulin
concentrations, the hormone responsible for stimulating the entry of glucose into the cells,
thus justifying the lower concentration. Allied to this, the comiegion of NEFA was higher
in the GB, possibly due to a greater energy demand generated by the superior growth of the
body, papillagand villi, observed in the GB. Or also by a compensatory reflex of the lower
glucose concentratiaio meet the greater ergy demand for growth and development
required by GB animals. However, this higher concentration of NEFA was not enough to
generate a change in BHBA that cohlmrmthe bodyIn addition, although different between
groups, the parameters remained withi@ physiological levels of the species (dal,

2019) and the other analyzed markers did not differ, indicating that butyrate supplementation
did not negatively affect mineral metabolism and the-heaiske balance.

Consideringvhetherthe animals presged diarrhea or not (figure 6), the glucose
concentration was only lower in the GB without diarrhea, indicating that in the animals that
passed througtiiarrhea, the insulin stimulation by butyrate neyreducedr a
compensatory effecThe highesexpression of th&sLC5A1genein duodenal tissuat 30
days of life may havanproved glucose uptake and contributed to enhargluingpse
circulating levelsn GB animals

Concerninghe growth of the animals, a tenderioymore significantveight gain
was identified at 30 and 60 days of Jilmmda more substantialumber of animals with twice
the weight at 60 days of lifwas determinedlhese findings are quite contradictory imeo
studies andKato et al. (2011), Araujo et al. (2018nd Frieten et al. (2017) found no
difference between supplemented and-sopplemented groups. However, similar to our
results Hill et al. (2007) and Guilloteau et al. (2009) observedoae signiicantweight gain
in animals, which can be explained in these studies and ours by better use of nutrients made
possible by better ruminal and duodenal development and by the lower occurrence and

accelerated recovery of diarrhea.
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493 CONCLUSION
494
495 Overall, theresultsallow us to conclude thaupplementation with butyrate in the

496 liquid dietimproved thedevelopment and maturatiaf rumenand duodeam, reduced

497  morbidity, recurrenceanddayswith diarrhealfecesin dairy calves irthe preweaningperiod.

498  These results indicatbat supplementation with butyragemulaesthe development of the

499  gastrointestinal tra@ndreduces the losses associated @itrrheareflecting a trend

500 towards better average daily weight gdtnrther studies evaluating gbfeed intake may

501 help determine whether the mechanism behind the growth and development of dairy calves
502 supplemented with butyrateprovesfeed efficiency or increased feed intake.
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699 Table 1. Morbidity, mortality, lethality and disease recurrence rates, from birth to weaning, in
700 calves fed with milk supplemented or not with butyrate

groups
Parameter p-value
Control butyrate
Morbidity from neonatatliarrhea(%)**  36% (18/50) 26% (13/50) 0.28
Diarrhea morbidity (%)* 50% (25/50) 30% (15/50) 0.04

Respiratory disease morbidity (%)* 74% (37/50) 76% (38/50) 0.82
Morbidity from other diseases (%)* 20% (10/50) 20% (10/50) 1.00

Mortality from diarrhea (%)* 2% (1/50) 0% (0/50) 0.50
Mortality from respiratory diseag@o)* 2% (1/50) 4% (2/50) 0.38
Overall mortality (%)* 6% (3/50) 4% (2/50) 0.32
Diarrhea lethality (%)* 4% (1/25) 0% (0/15) 0.62
Diarrhea recurrence (%)* 60% (15/25) 26.7% (4/15) 0.04

701 **First 30 days of life.  * 90 days oflife.
702  showsa significant statistical difference (p < 0.05).
703

704 Table 2: Mean daily weight gairADG) (in kg) of animals supplemented or not supplemented
705  with butyrate during lactation, broken down by period (n = 95).

groups
Parameter Control butyrate p-value
Mean EPM! Mean EPM!?
ADG up to &d 0.340 0.036 0.401 0.028 0.17
ADG from 8 to 15d 0.364 0.040 0.417 0.035 0.33
ADG from 15 to 2 0.477 0.040 0.548 0.039 0.22
ADG from 22 to 29 0.492 0.043 0524 0.050 0.63
ADG from 29 to 44 0.533 0.043 0.551 0.030 0.66
ADG from 45 to 6(d 0.740 0.030 0.761 0.029 0.67
ADG from 60 to 9(d 0.835 0.037 0.798 0.035 0.50
ADG from 0 to 29d 0.394B 0.018 0.441A 0.018 0.07
ADG from 0 to 60d 0.516B 0.016 0.555A 0.016 0.09
ADG from 29 to 9(d 0.743 0.024 0.727 0.024 0.64
ADG duringpreweaning 0.627 0.019 0.632 0.017 0.84

706 1Standard error of mean B, Different letters indicate trend P<0.1
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707  Table 3: Zootechnical parameters of calves fed with milk supplemented or not with butyrate
708 for 90 days of life (n 95).

Groups p-value
Control butyrate Grou
Parameter Grou
EPM Averag EPM Day p*Da
Average p
1 e 1 y

Thoracic Perimetér 85.09 0.39 85.63 0.39 0.33 <0.001 0.99
Height at withers 82.67 0.35 8267 034 099 <0.001 0.59
Croup width 21.80 0.13 22.04 0.13 0.18 <0.001 0.73

709 IMean standard error
710 2 Mesures in centimeters
711

712  Table 4: Rumen and intestinal development parameters of calves fed milk supplemented or not

713 with butyrate.

Group p-value
Gastrointestinal Portion

Control  butyrate EP* Group Age Group x Age

Rumen

Papilla Length (um) 418.2%  512.18 7.27 <0.01 0.06 <0.01
Papilla width (um) 218.81 21720 3.04 071 <0.01 0.01
Area perpapilla(mm?2) 0.19¢» 0.232 0.006 <0.01 <0.01 <0.01
Papillae Density / cm2 180.50  223.67 2.32 <0.01 <0.01 1.0

Duodenum

Villus Length (um) 451.7% 47586 3.37 <0.01 0.12 <0.01
Crypt Depth (um) 232.40 24854 194 <0.01 0.05 <0.01
Villus/crypt relationship 1.96 1.94 0.01 016 055 0.60
Jejunum

Villus Length (um) 540.31 541.02 268 0.85 <0.01 0.52
Crypt Depth (um) 257.70 25591 126 0.31 <0.01 0.05

Villus/crypt relationship 2.10 2.12 0.01 0.09 0.01 <0.01
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lleum

Villus Length (um) 517.16  519.37 218 0.47 <0.01 0.06
Crypt Depth (um) 24722 24635 1.01 054 0.65 <0.01
Vilo/crypt relationship 2.10 2.11 0.01 0.06 <0.01 0.27

IMean standard error
Differentletters on the same line indicdbe statistical difference.

104

p<0.001
—
84
0 6 8.26
© — —
Q 4.
4.64
24
0 T T
Control Butyrate

Figure 1. Averagedays with abnormdkce$ in dairy heifers supplemented or not with
butyrate during the first 30 days of life (n = 100).

*Fecesver e considered abnor mal when scores
(normalfecegy, 1 (loosefeces, 2 (wateryfeceg, 3 (profuse diarrhea with liquefiddcey, and

4 (profuse diatrea with liquefiedecesand bloody content).
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Figure 2. Evaluation of the gastrointestinal development of calves fed milk
supplemented with butyrate (Butyrate) or not (Control). A (ruminal papilla length); B
(ruminal papilla width); C (Ruminal papilla area); D (Duodenal villus length); E (Duodenal
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728  Figure 3. Relative expression a&5F1, LCT, andGLP-2 transcripts in the duodenum of
729 calves at 30 days of agéroups of animals fed with milk (Control) or milk supplemented

730  with butyrate (Butyrateyverediagnosed with and withodiarrheaduring the neonatal period.
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Figure 4. Relative expression of transcripts frddbC5A1, AQP3 POMC,andPYY in

the duodenum of calves at 30 days of age. Groups consisting of animals fed with milk

(Control) or milk supplemented with butyrate (Butyrate), diagnosed with and without

diarrhea duringhe first 30 days
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737  Figure 5. Evaluation of the serum metabolic profile (glucose, NEFA, lactate, BHBA,
738 calcium, phosphorus, chloride, bicarbonate) of calves fed with milk supplemented with
739  butyrate (Butyrate) or not (Control).



51

1001

95- ab Il \Without diarrhea
90 - ab With diarrhea

80+

Glucose (mg/dL
o0
r
T

754

70-

0.40+ 4  EE Without diarrhea
With diarrhea

o

N N w w

o [3,] o (3]
1 1 1 1
Q

AGNE (mmol/L
o o o

o

-

(3]
1

0.10- T

740
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Supplementary Material

Supplemental Table S1Dry matter content (g/kg), analyzed chemical composition (g/kg dry

matter) of the solid diet fed during the experimental period (90 days)
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Ingredients Level of Warranty
EstimatedTDN 740 g/kg
raw fiber 609/kg

ADF 80 g/kg
Crude Protein 200 g/kg
Ethereal Extract 30 g/kg
Mineral Matter 80 g/kg
Calcium 12 g/kg
Phosphor 7.000 mg/kg
Monensin Sodium 30 mg/kg

bacillus cereus
Lactobacillus acidophilus
Ruminobacteamylophilum

Saccharomyces cerevisiae

2,5 x16 CFU/kg
2 x10® CFU/Kg
2 x1C¢ CFU/kg

2,3 x16 CFU/kg
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764 Supplemental Table S2.List of analyzed genes and normalizing gene priméts the
765 accession number and forward and reverse prseguence

766
) Reference
Gene Accession numbe Sequence 5'Y

GLP2 NM_173916.2 F: CCGATGGCTCTTTCTCTGAT (Alam et al., 2012)
R:TTTTCGTCTGAAGCAACCAG

LCT NM_001205787.1 F: AAGGTGCGGTCATCTCCATC (Kochet al.,2019
R: TCAGGGACGCGAGACTTGTT

IGF1 NM_001077828.1 F: TCGCATCTCTTCTATCTGGCCCTGT (Pfaffl et al, 2002)
R: GCAGTACATCTCCAGCCTCCTCAGA

SLC5A1 NM_174606.2 F: CAGTCAGCACAGAGTGGACAG (Kochet al.,2019
R: AAGAGGGAGACAGCCAGGA

AQP3 NM_001079794.1 F:GGGTTGTATTACGATGCGATCTG (Rosa et al., 2018)
R: AAAGATGCCAGCTGTGCCATTG

GHRL NM_174067.2 F: CAGAGGACGAGCTGGAAATC (Alam et al., 2012)
R: TCCCAAAGGATGTCCTGAAG

POMC NM_174151.1 F: CCTTGTCACGCTGTTCAAAA (Alam et al., 2012)
R: AGGCCTTCAGGGTCAACTTT

PYY NM_001040587.2 F: AAACGCGACTTTTCAGAAGC (Alam et al., 2012)
R: ATGGGGTTGGTGTCTTAGCA

RN18S1 NR_036642.1 F: CCTTCCGCGAGGATCCATTG (Rovani et al., 2017)

R: CGCTCCCAAGATCCAACTAC

767 RN18SZXE 18S ribosomal 5GLP2 = Glucagonlike peptide 2LCT = Lactase SLC5A1=
768  Solute carrier family 5 member, AQP3= Aquaporin 3 GHRL= Ghrelin and obestatin
769  prepropeptidePOMC = ProopiomelanocortinPYY= Peptide YY.

770

771
772
773
774
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775  Supplemental Table S. Information required by the Minimum Information fBublicationof

776  Quantitative reatime PCR Experiments (MIQE) to ensure quality control

777

Item to check Importance*

Nucleic acid extraction

Source of additional reagents D
used

TRI Reagerft BD (Sigma Aldrich)

Contamination assessment E
(DNA or RNA)

Reverse transcription controls (without enzyme) were

performedo assess the absence of DNA in the RNA
sample For that purpose, RNA was processed as a

standardsample in the RT step, except that no reverse
transcriptase was added to the reaction mixture (see

"complete reaction conditions" in Reverse Transcriptior

Nucleic acid quantification E RNA concentration was determined by measuring the
absorbance at 260 nm UV light

Instrument and method E NanoDrop ND1000 (NanoDrop Technologies)

Purity (A260/A280) D RNA purity was determined by measuring the absorbar
ratio
260/280

RNA integrity: E AATI Fragment Analyze(Agilent Technologies)

method/instrument

RIN/RQI or Cq of 3' and 5' E
transcripts

All samples had an RNA integrity score greater than 8.(

Electrophoresis traces D

Inhibition testing (Cq dilutions, E
spike, orother)

The standard curve has been considstHficient to rule
out

the presence of inhibitors tifereversetranscription
activity or

PCR

Reverse transcription

Complete reaction conditions E

RNA isolated from whole blood was used for-gPCR

analysis. The cDNA synthesis wasrformed using 100 n¢
of

RNA standardized by dilution in nucleasee waterThe
total RNA was mixed using a first mix (Mix 1) containing
pL random primers (Roche Applied) and 9 uL nuclefise

water. The RNA+Mix 1 was incubated@i°C for 5 min
and



kept on ice for 3 min. A second mix (Mix 2) consisted of
pL 5x FirstStrand Buffer (Thermo Fischer Scientific), 1

Oligo dT18 (Integrated DNA Technologies), 2 pL 10
mmol/L

dNTP mix (Invitrogen), 0.25 pL 200 IU/uL dRevert aid
(Thermo Fischer Scientific), 0.125 yL 20 U/uL of RNase

inhibitor (Thermo Fischer Scientific), and 1.625 uL
nuclease

free water. After adding Mix 2 to the RNA+Mix 1 sample
the reaction was performedéMastercycler Gradient

(Eppendorf) using the following temperature program: z
°C

for 5 min, 42 °C for 60 mimand 70 °C for 5 min. cDNA
was

then diluted 1:4 with DNaseNasefreewater.

Amount of RNA and reaction E
volume

Amount of RNA: 100 ng; Reaction volume: 20

Priming oligonucleotide (if usin E
GSP)

and concentration

Not applicable

Reverse transcriptase and E
concentration

Revert aid (Thermo Fischer): 2.5 BW/

Temperature and time D Specified in"Complete reaction conditiorReverse
transcriptiono
Manufacturer of reagents D Specified in "Complete reaction conditieReverse

transcriptiono

Cgs with and without reverse D

transcription

Storage conditions of cDNA D

-20°C

778
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gPCR protocol

Complete reaction conditior E

Quantitative PCR was performed in a MicroAmp Optical-384|
Reaction Plate (Applied Biosystems) using 4 uL diluted

1:4 cDNA and 6 pL SYBR Green mixture (Applied

Biosystems) with 0.4 pL 10 puM forward and reverse primers,
and 0.2 pL nucleaskee water. Each gene was run in triplicate
on a single plate with 7-point standard curve plus the negative

control.

Reaction volume and amou E
of

Reaction volume: 16L; amount of cDNA: 1:4 dilution.

cDNA/DNA
Additives E Specified in "Complete reaction conditiegBCR protocol"
Manufacturer of plates/tube D Specified in "Complete reaction conditiegBCR protocol"
Completethermocycling E 2 min at 50 °C, 10 min at 95 °C, 40 cycles of 15s at 95 °C (d
parameters and 1 min at 60 °C (annealing + extension).
The presence of a single PCR product was verified by the
dissociation protocol usingcremental temperatures to 95
°C for 15 s plus 65 °C for 15 s.
Reaction setup D Robotic
(manual/robotic)
Manufacturer of gPCR D Specified in "Complete reaction conditieqRCR protocol"
instrument
gPCR validation
Evidence obptimization D
(from
gradients)
Specificity (gel, E Melting curve analysis, ramping from 55°C to 95°C, where flu
sequence, melt, or data are measured continuously (measured melting temperat
digest) are provided asupplementary

data). Genespecific amplification was confirmed by a
single band in 2% agarose gel electrophoresis stained with
ethidium bromide. No template controls (no cDNA in PCR)
were run for each gene to detect unspeaifiplification

and primer dimerization.

For SYBR Green, Cq ofthe E
NTC

The signal of the amplification plot never crossed the thresho

(Cqg > 40) and thereforéhere was a high Cq value difference b
the negative control and all the cDNA sample.

Calibration curves with slop E
andy

The slopes are provided in Supplemental Table S2
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intercept

PCR efficiency calculated E Provided inSupplemental Table S2
from slope

Cis for PCR efficiency or SI D

r2 of calibration curve E Provided in Supplemental Table S2

Data analysis

gPCR analysis program E Specified in "Complete reaction conditiegBRCR protocol

Method of Cq determinatior E The threshold is determined using the Amplificatimsed
Threshold methodlhe threshold is used to specify Cq

values of samples

Ouitlier identification and E None of the Cq values were discarded
disposition
Results for NTCs E The signal of themplification plot never crossed the

threshold (Cq > 4Q)and therefore there was a high Cq value

difference between the negative control and all the cDNA

sample.
Justification of numberand E The use oGAPDH RPS9andACTBas reference genes for wh
choice of reference genes blood leucocytes gene expression has been

successfully used by Lopes et@020, J. Dairy Sci.
104:22662279), VailatiRiboni et al. (2019, J. Dairy Sci.
102:83438351) and Lopreiato et gR019, J. Dairy Sci.
102:1039510410)




Description of normalization method E

As described ithemain body

Number and concordance of biologice D
replicates

Number and stage (RT or gPCR) of

m

technical replicates

gPCR reactions wemgerformed in triplicate

Repeatability (intraassay variation) E

The mearcoefficient of variation of triplicates was lower th¢
5%

Reproducibility (interassay variation, D

CV)

Power analysis D

Statistical methods foesults E As described in the main body
significance

Software (source, version) E As described in the main body

Cq or raw data submission with RDMI D

gPCR target information

Gene symbol E Provided in Supplemental Table S2
Sequencaccession number E Provided in Supplemental Table S2

Location of amplicon D

Amplicon length E As reportedn Zhou et al(2018, J. Dairy Sci. 101:10374

10382)

In silico specificity screen (BLAST, an E

SO 0on)

As reportedn Zhou et al(2018, J. DainSci. 101:10374
10382)

Pseudogenes, retropseudogenes, or « D
homologs?

Sequence alignment D
Secondary structure analysis of D
amplicon
gPCR oligonucleotides
Primer sequences E Provided in Supplemental Table S2




RTPrimerDB identification number D

Probe sequences D

Location and identity of any E No modifications were done
modifications

Manufacturer of oligonucleotides D IDT Oligo

Purification method D Desalted

*E = Essential information; D Besirable information.



5. Consideracdes Finais

As primeiras semanas de vida das bezerras s&o fundamentais para o
desenvolvimento do trato gastrointestinal, visto que 0s ruminantes nao nascem com o
mesmo plenamente desenvolvido. Entdo estratégias como a suplementacdo com
butirato se tornam uma aliada para acelerar este processo e mimetizar possiveis
transtorno que possam a vir causar algum atraso no desenvolvimento destes animais.

Com isso a partir dos dados observados neste trabalho é possivel concluir que
a suplementacdo com butirato de forma continua na dieta liquida melhora o
desenvolvimento e a maturacéo ruminal e duodenal, reduz a morbidade e as recidivas
de diarreia, além de reduzir os dias com fezes anormais. Ainda, a expressao dos
genes LCT e GLP2 sugere que o desenvolvimento e a maturagéo do epitélio intestinal,
assim como o consumo de dieta soélida ndo foram prejudicados nos animais do GB
gue tiveram diarreia neonatal.

O conjunto desses resultados indica que a suplementacao de bezerros leiteiros
com butirato além de estimular o desenvolvimento do trato gastrointestinal, reduz os
prejuizos associados a diarreia, refletindo em um melhor ganho médio diario de peso
e um acelerado desenvolvimento, tornando-se uma alternativa para aumentar

melhorar a eficiéncia desta fase de criacéo.
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