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RESUMO

CALIARI, Jodo Victor. Efeitos da suplementacdo in vivo de taurina sobre a salde e performance de
bezerros em aleitamento. p. 50. Dissertacdo (Mestrado em Ciéncia Animal — Area: Producdo Animal).
Universidade do Estado de Santa Catarina. Programa de P6s-Graduacdo em Ciéncia Animal, Lages,
2026.

A taurina € um aminoacido sulfurado com reconhecida atuacdo na modulacdo do
estresse oxidativo, da resposta inflamatoria e da fungéo celular, especialmente em
tecidos metabolicamente ativos e células do sistema imune. O objetivo deste trabalho
foi avaliar os efeitos da suplementacéo de taurina em bezerros durante o periodo pré-
desmame. No total, 24 bezerros da raca Holandés foram distribuidos em dois
tratamentos: 1) Controle (CON — ndo suplementados com taurina) e (2) Taurina (TAU
— suplementados com 0,3% de taurina em relacéo a ingestdo de matéria seca). Os
bezerros foram acompanhados ao longo dos primeiros 30 dias de vida, sendo
avaliados desempenho produtivo, ocorréncia de doencas, resposta inflamatoéria e
expressao génica em leucdcitos. A suplementacdo com taurina promoveu melhora no
desempenho dos animais, com aumento da eficiéncia alimentar e tendéncia de
aumento no ganho médio diario. Além disso, 0s bezerros suplementados
apresentaram menor duracao dos episodios de diarreia, indicando melhora na saude
intestinal e maior capacidade de recuperacdo frente a desafios entéricos. Em nivel
molecular, observou-se modulacdo da expressdo de genes associados a defesa
antioxidante e a funcdo imunolégica, com aumento significativo da expressao de
SOD1 (+42%) e CAT (+88%), indicando maior capacidade antioxidante sistémica.
Também foi verificado aumento na expressdo de SELL (+78%), sugerindo possivel
melhoria na adesdo e migracdo de leucdcitos durante a resposta imune inata. Por
outro lado, ndo foram observadas diferencas consistentes para marcadores
sistémicos de inflamacdo, como a haptoglobina, nem interacdo entre tratamento e
idade, indicando que a suplementacéo néo alterou de forma significativa a resposta
inflamatoria sistémica avaliada por esse biomarcador. Em conjunto, os resultados
indicam que a suplementagé&o de taurina em bezerros leiteiros melhora o desempenho
e a saude intestinal, ao mesmo tempo em que modula mecanismos antioxidantes e
aspectos da funcao imune, reforcando seu potencial como estratégia nutricional na
fase inicial de vida.

Palavras-chave: aminoacidos, antioxidantes, expressao génica, imunonutricao.



ABSTRACT

CALIARI, Jodo Victor. Effects of in vivo taurine supplementation on the health and performance of
suckling calves. p. 50. Dissertation (Master’'s in Animal Science — Area: Animal Production). Santa
Catarina State University. Graduate Program in Animal Science, Lages, 2026.

Taurine is a sulfur-containing amino acid with well-recognized roles in the modulation
of oxidative stress, inflammatory responses, and cellular function, particularly in
metabolically active tissues and immune cells. The objective of this study was to
evaluate the effects of taurine supplementation in calves during the pre-weaning
period. Twenty-four Holstein dairy calves were assigned to two treatments: (1) Control
(CON — not supplemented with taurine) and (2) Taurine (TAU — supplemented with
0.3% taurine relative to dry matter intake). Calves were monitored during the first 30
days of life, and performance, disease occurrence, inflammatory response, and gene
expression in leukocytes were evaluated. Taurine supplementation improved animal
performance, increasing feed efficiency and tending to increase average daily gain. In
addition, supplemented calves showed reduced duration of diarrhea episodes,
indicating improved intestinal health and greater recovery capacity in response to
enteric challenges. At the molecular level, taurine modulated the expression of genes
associated with antioxidant defense and immune function, with a significant increase
in SOD1 (+42%) and CAT (+88%), indicating enhanced systemic antioxidant capacity.
An increased expression of SELL (+78%) was also observed, suggesting improved
leukocyte adhesion and migration during innate immune responses. However, no
consistent differences were observed for systemic inflammatory markers, such as
haptoglobin, nor was there a treatment-by-age interaction, indicating that
supplementation did not significantly alter systemic inflammatory status as assessed
by this biomarker. Overall, the results indicate that taurine supplementation in dairy
calves improves performance and intestinal health while modulating antioxidant
mechanisms and aspects of immune function, reinforcing its potential as a nutritional
strategy during early life.

Keywords: amino acids, antioxidants, gene expression, immunonutrition.
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1. INTRODUCAO

Os primeiros dias de vida de bezerras leiteiras séo particularmente desafiadores
devido a sua alta suscetibilidade a doencas, a qual € em grande parte decorrente de
um sistema imune inato ainda imaturo. Dessa forma, bezerras recém-nascidas, assim
como outros mamiferos, sdo altamente dependentes da aquisicdo de imunidade
passiva por meio da ingestdo de colostro. No entanto, algumas bezerras podem
apresentar falha na aquisicdo passiva de imunidade, o que esta associado a maiores
taxas de ocorréncia de doencas.

A diarreia neonatal bovina (DNB) e a doenca respiratdria bovina (DRB) séo as
principais causas de morbidade e mortalidade durante a fase de aleitamento
(WINDEYER et al., 2014). Diversos estudos demonstraram reducdo no ganho médio
diario de peso, producdo de leite na primeira lactacdo, reducdo no desempenho
reprodutivo e maior taxas de descarte em vacas que foram acometidas por DNB e/ou
DRB durante o aleitamento. (ABUELO et al., 2021; Buczinski et al., 2021). Desta
forma, é de fundamental importancia a implementacéo de estratégias que minimizem
0S impactos negativos dessas enfermidades.

A nutricdo desempenha um papel crucial no desempenho de bezerras, por meio
do fornecimento de nutrientes necessarios para a mantenca e crescimento. Além
disso, a atividade do sistema imune pode ser influenciada pelo status nutricional. A
manipulagéo nutricional de dietas, por meio da adi¢cdo de nutrientes com propriedades
bioativas, € uma estratégia amplamente utilizada com o objetivo de melhorar o
desempenho e a saude de bovinos leiteiros (JACOMETO et al., 2018; ZHOU et al.,
2018; WANG et al., 2021).

A taurina, um aminoacido sulfonado envolvido na modulagéo do estresse oxidativo,
fungéo imune e protecéo celular (RIPPS e SHEN, 2012), tem recebido aten¢do devido
ao seu carater multifuncional. Estudos com diversos modelos animais mostram que a
taurina pode melhorar a atividade de neutrofilos, modular a resposta inflamatoria e
aumentar a capacidade antioxidante das células (SCHAFFER et al., 2014). Entretanto,
embora seus efeitos j4 tenham sido comprovados em outras espécies de interesse
zootécnico, como aves e suinos, ainda faltam informacdes sobre os potenciais
beneficios do uso da taurina em animais ruminantes.

Em bovinos adultos, os aminoacidos devem ser suplementados na forma protegida

da degradacao ruminal, por serem extensivamente degradados e utilizados pelos
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microrganismos do rumen (JONES et al., 1988; ZHANG et al., 2023) reduzindo
substancialmente a sua absorcdo intestinal e, consequentemente, a
biodisponibilidade. Entretanto, a taurina ainda nao esta disponivel comercialmente na
forma protegida.

Sendo assim, uma alternativa para avaliar os potenciais efeitos se da através da
suplementacdo em bezerros, que possuem uma estrutura fisiol6gica denominada
“goteira esofagica”, responsavel por direcionar o leite diretamente para o abomaso,
evitando a degradacao e fermentacéo deste alimento no ramen.

N&o ha experimentos prévios com a suplementacéo in vivo de taurina em bezerros
durante a fase de aleitamento. Desta forma, 0 objetivo deste estudo foi avaliar os
efeitos da suplementacéo de taurina via dieta liquida sobre o desempenho, a salde,
a modulacdo do sistema imune, a resposta inflamatéria e o estresse oxidativo em

bezerros holandeses.
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2. REVISAO DE LITERATURA

2.1 AIMPORTANCIA DA NUTRICAO PARA O SISTEMA IMUNE DE BEZERROS

O sistema imune dos bezerros inicia 0 seu desenvolvimento ainda durante o
periodo fetal, porém, é funcionalmente imaturo durante os primeiros meses de vida, o
gue os torna altamente suscetiveis a doencas infecciosas durante este periodo
(Cortese, 2009).

Em funcdo do tipo de placenta presente nos ruminantes (sindesmocorial), a
transferéncia de anticorpos nao ocorre da mae para o feto e, em geral, esses animais
apresentam baixa resposta a estimulos antigénicos durante o periodo neonatal. Dessa
forma, sdo altamente dependentes da ingestdo de imunoglobulinas presentes no
colostro materno, caracterizando o processo conhecido como transferéncia de
imunidade passiva (WINDEYER e GAMSJAGER, 2019). O colostro fornece néo
apenas imunoglobulinas, principalmente 1gG, mas também diversos compostos
bioativos importantes para o desenvolvimento neonatal, incluindo citocinas, fatores de
crescimento, lactoferrina, células imunes, vitaminas e antioxidantes (CARDOSO et al.,
2021).

A transferéncia de imunidade passiva pode ser quantificada pela mensuracao
do teor de IgG presente no plasma ou soro sanguineo. Esta avaliagdo é feita
geralmente entre 24 e 48 horas de vida, em bezerros que ingeriram uma quantidade
adequada de colostro nas primeiras horas ap0s o hascimento. Ha4 um consenso sobre
o sucesso e falha de transferéncia de imunidade passiva e as respectivas quantidades
de IgG sérica. A falha na transferéncia de imunidade passiva é caracterizada quando
este valor é inferior a 10 g/L (LOMBARD et al., 2020).

Todavia, a capacidade de absorcéo intestinal de IgG reduz ao longo do tempo
e, a partir de determinado momento, os bezerros passam a responder ativamente aos
desafios impostos ao sistema imune. Desta forma, uma das alternativas de auxilio a
melhoria na funcao imune de bezerros neonatos é a manipulagéo nutricional, através
da inclusado de nutrientes e compostos moduladores do sistema imune (BESSI, 1996;
TEIXEIRA et al., 2014; FROELICH et al., 2017; LIU et al., 2020;).

A relacdo entre nutricdo e status sanitario ja estd bem estabelecida em uma
ampla gama de espécies. Os diferentes alimentos contém uma ampla gama de

compostos bioativos que podem atuar na ativacdo do sistema imune, reducdo do
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estresse oxidativo e aumento da resposta anti-inflamatéria em seres humanos e
animais (CALDER, 2020; LE FLOC'H et al., 2018). Diversos estudos realizados no
periodo de aleitamento mostraram efeitos da nutricdo de bezerros sobre a ocorréncia
de doencas e modulacdo do sistema imune e antioxidante. A restricdo ou baixa
ingestdo de nutrientes pode limitar a resposta imune, principalmente em bezerros
submetidos a desafios ambientais e sanitarios (OLLIVETT et al., 2012; BALLOU et al.,
2015).

Diversos estudos demonstram que estratégias nutricionais durante o
aleitamento podem modular positivamente a salde e o metabolismo dos bezerros.
Compostos bioativos, aminoacidos funcionais, minerais antioxidantes e vitaminas tém
sido associados a melhora da resposta antioxidante, reducdo do estresse oxidativo e
maior eficiéncia do sistema imune (SPEARS, 2000; CARLSON e ABUELO, 2024).

Além disso, a pesquisa indica que compostos nutricionais com propriedades
imunomoduladoras podem auxiliar na integridade intestinal, no desenvolvimento do
sistema antioxidante e na modulacdo da expressdo génica relacionada a resposta
imune em bezerros jovens (OSORIO, 2020). Dessa forma, a utilizagdo de estratégias
nutricionais voltadas a modulacdo imunoldgica representa uma alternativa promissora
para reduzir a ocorréncia de enfermidades e melhorar o desempenho de bezerros

durante o periodo de aleitamento.

2.2 AMINOACIDOS NA NUTRICAO DE BOVINOS LEITEIROS

Nos ultimos anos, com o advento da nutricdo de precisdo dentro da bovinocultura
leiteira, ocorreu um aumento no interesse sobre nutrientes especificos e seus
potenciais efeitos sobre performance e salde dos animais. Dentre estes nutrientes
especificos, a comunidade cientifica tem dedicado parte de seus esforcos para o
estudo da suplementagédo de aminoécidos (AA) em bovinos leiteiros.

Os aminoacidos sdo compostos organicos que contém simultaneamente um grupo
amino (-NHz) e um grupo carboxila (-COOH) ligados ao mesmo atomo de carbono,
denominado carbono a. Diferem entre si pela estrutura da cadeia lateral (grupo R), a
qual determina suas propriedades quimicas e fungdes biologicas. Os aminoacidos
constituem as unidades béasicas das proteinas e participam de diversos processos
metabdlicos essenciais nos organismos vivos (NELSON e COX, 2019).
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Tradicionalmente, os aminoacidos eram considerados apenas 0s substratos
necessarios para a sintese de proteinas. Todavia, inUmeras evidéncias recentes
demonstram que eles também atuam como moléculas sinalizadoras capazes de
modular diferentes vias metabdlicas e imunoldgicas (Li et al., 2007; Yang et al., 2023).

Os efeitos da suplementacdo de aminoacidos em bovinos de leite ndo se limitam
apenas ao aumento de producéo leiteira (SIMOES et al., 2024) e modificacdo da
composicao do leite (ZANTON et al., 2014).

Dentre os aminoacidos estudados na nutricdo de bovinos leiteiros, a metionina
destaca-se como um dos compostos mais investigados, principalmente devido ao seu
papel como aminoacido limitante para sintese proteica em vacas leiteiras de alta
producdo (SCHWAB e BRODERICK, 2017). Além de sua importancia na sintese de
proteina do leite, a metionina participa de diversas vias metabdlicas relacionadas a
funcdo imune, metabolismo hepatico e defesa antioxidante. Esse aminoacido atua
como precursor da S-adenosilmetionina (SAM), principal doador de grupos metil no
organismo, influenciando processos de metilacdo do DNA, expressao génica e sintese
de compostos biologicamente ativos (MARTINEZ et al., 2017). Além disso, a
metionina participa diretamente da via de transulfuracdo, sendo precursora de
compostos sulfurados como cisteina, glutationa e taurina, moléculas essenciais para
manutencdo da homeostase redox celular (COLEMAN et al.,, 2020). Estudos
realizados em bovinos leiteiros demonstram que a suplementagdo de metionina
protegida pode melhorar a resposta antioxidante, reduzir marcadores inflamatérios e
favorecer a funcdo imune, especialmente durante periodos de elevado desafio
metabdlico, como a transicao e o inicio da lactacdo (BATISTEL et al., 2018; ZHOU et
al., 2016).

A revisao de literatura de Coleman et al. (2020) mostrou que, além da metionina,
diversos aminoéacidos participam diretamente da ativacéo, proliferacdo e funcéo de
células imunes, além de atuarem na sintese de moléculas antioxidantes, producao de
citocinas e regulagdo de vias inflamatorias em bovinos leiteiros. A atuacao
aminoécidos sobre a funcdo imune e o estresse oxidativo esta sumarizado na Figura
1.
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Figura 1. Atuacao dos aminoacidos sobre a fungédo imune e metabolismo antioxidante.
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Aminoacidos como glutamina, arginina, glicina, metionina, cisteina e o0s
aminoacidos de cadeia ramificada apresentam efeitos sobre a integridade intestinal,
funcdo de macréfagos e neutrdfilos, resposta linfocitaria e capacidade antioxidante
celular. Além disso, muitos desses compostos participam da sintese de antioxidantes
intracelulares, como a glutationa, e da modulacéo de vias relacionadas ao controle do
estresse oxidativo e inflamacdo (COLEMAN et al., 2020).

Cabe ressaltar que, em se tratando de bovinos adultos, os amino4cidos devem
ser suplementados na forma protegida da degradacdo ruminal, por serem
extensivamente degradados e utilizados pelos microrganismos do rimen (JONES et
al., 1988) reduzindo substancialmente a sua absorc¢éo intestinal e, consequentemente,
a biodisponibilidade.

Dessa forma, a suplementacdo de aminoacidos tem despertado crescente
interesse devido ao potencial de melhorar a funcdo imunolégica e reduzir danos
oxidativos em diferentes espécies animais, especialmente durante periodos de maior
desafio fisiolodgico e sanitario.

Contudo, apesar do grande avango nas pesquisas envolvendo suplementacéo de
aminodacidos funcionais em vacas leiteiras adultas, especialmente durante o periodo

de transicéo e inicio da lactagéo, ainda existem poucas informagdes sobre os efeitos
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desses compostos em bezerros neonatos. Considerando a imaturidade do sistema
imune neonatal e a elevada suscetibilidade a doencas durante o periodo de
aleitamento, estratégias nutricionais envolvendo aminoacidos funcionais podem
representar uma alternativa promissora para modular a resposta imune, reduzir o

estresse oxidativo e melhorar a satde de bezerros leiteiros.

2.3 POTENCIAL BIOLOGICO DA TAURINA

A taurina é um dos quatro aminoacidos que contém enxofre em sua composicao.
Diferentemente da maioria dos outros aminoacidos, a taurina ndo é incorporada as
proteinas. Ela € o aminoacido livre mais abundante em tecidos animais e esta
envolvida no metabolismo antioxidante das células, atua como um estabilizador de
membrana e € um importante neurotransmissor (BROSNAN e BROSNAN, 2006).

A sintese enddgena de taurina esta exemplificada na Figura 2. A sintese ocorre
principalmente a partir dos aminoacidos sulfurados metionina e cisteina, através da
via de transulfuracdo. Nesse processo, a cisteina é convertida em &cido
cisteinossulfinico pela enzima cisteina dioxigenase, sendo posteriormente
descarboxilada para formacéo de hipotaurina, que entédo é oxidada originando taurina

(Ripps e Shen, 2012).

Figura 2. Sintese enddgena de taurina em mamiferos.
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Fonte: Adaptado de Ripps e Shen, 2012.

A taurina apresenta elevada concentracdo em leucdcitos, principalmente

neutrofilos e macrofagos (Schuller-Levis e Park, 2003). Durante a resposta
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inflamatoria, neutrdfilos ativados produzem &acido hipocloroso (HOCI) através da
enzima mieloperoxidase (MPO), utilizando perdoxido de hidrogénio (H202) e ions
cloreto (CI) como substratos (Klebanoff, 2005). A taurina reage rapidamente com
HOCI para formar a taurina cloramina (TauCl), que € um composto menos téxico e
com propriedades anti-inflamatorias, capaz de reduzir danos causados pelo estresse
oxidativo e modular a producdo de moduladores inflamatérios (Marcinkiewicz e
Kontny, 2014). A TauCl pode reduzir a producao de citocinas pro-inflamatérias, como
o fator de necrose tumoral alfa (TNF-a), interleucina 1 beta (IL-1) e interleucina 6 (IL-
6), contribuindo para o controle da resposta inflamatéria (Schuller-Levis e Park, 2003).

Estudos com diversos modelos animais mostram que a taurina pode melhorar a
atividade de neutrofilos, reduzir a resposta inflamatéria e aumentar a capacidade
antioxidante das células (SCHAFFER et al., 2014). Em um estudo recente, Singh et
al. (2023) demonstraram vérios efeitos da suplementacdo de taurina em minhocas,
camundongos e macacos. Um dos resultados observados com a suplementacao de
taurina em fémeas de camundongos foi a alteracdo na contagem de mondcitos e
granulécitos. O aumento da presenca destes leucécitos mieloides esta associado a
estados inflamatoérios associados ao envelhecimento e os autores observaram que a
suplementacdo de uma alta dose de taurina foi capaz de reduzir a contagem destes
tipos de células de defesa, indicando efeito do aminoacido sobre o sistema imune.

Zhou et al. (2024) avaliaram os efeitos da suplementacao de taurina (0,1%, 0,2%
e 0,3%) em leitdes desmamados. Os resultados mostraram menor incidéncia de
diarreia, maior ganho de peso médio diario e maior peso final nos animais
suplementados. Além disso, houve melhora na conversao alimentar, indicando maior
eficiéncia no uso dos nutrientes fornecidos. Esses efeitos positivos sugerem que a
suplementacao pode contribuir para o aumento do retorno econdmico na producéo de
suinos. Os achados reforcam o potencial da taurina em promover saude e
desempenho zootécnico.

Em relagdo as propriedades antioxidantes, os niveis de superdxido dismutase,
glutationa peroxidase e capacidade antioxidante total foram incrementados quando
este aminoacido foi suplementado para leitdes desmamados (LIU et al., 2014). Em
camundongos, a suplementacao de taurina foi associada ao aumento da expressao
do gene Nrf2, que atua no metabolismo oxidativo (KIM et al., 2021). Contudo, quando

suplementada em excesso, a taurina pode ocasionar efeitos indesejaveis, como a
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reducado da capacidade antioxidante total e danos ao tecido hepatico, bem como maior
incidéncia de diarreia e reducdo da performance (LIU et al., 2014).

Em um estudo conduzido com leucdcitos polimorfonucleares cultivados in vitro,
extraidos do sangue de bezerras leiteiras, Abdelmegeid et al. (2017) demonstraram
que a taurina foi responsavel pelo aumento na expressao dos genes GPX1 e SOD1,
relacionados ao sistema antioxidante das células. Além disto, o aminoacido reduziu a
expressao dos genes pro-inflamatérios CXCR1, TLR4, IRAK1, NFKB1, NR3C1 e IL-6.

Contudo, embora a suplementacédo de taurina ja tenha se demonstrado benéfica
em outros modelos animais e em ensaios in vitro com leucdcitos de bezerros, existe
uma lacuna de estudos in vivo avaliando seus efeitos em bovinos.

A taurina ainda ndo pode ser encontrada no mercado na forma protegida.
Portanto, os potenciais beneficios da suplementacédo in vivo podem ser observados
através de infusdo abomasal ou do desenvolvimento de um produto que impeca ou
reduza a sua degradabilidade a nivel ruminal. Sendo assim, uma alternativa para
avaliar os potenciais efeitos se da através da suplementacdo em bezerros, que
possuem uma estrutura fisiolégica denominada “goteira esofagica”, responsavel por
direcionar o leite diretamente para o abomaso, evitando a degradacéo e fermentacao

deste alimento no rumen.
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3. HIPOTESE

A suplementacdo de taurina em bezerros durante o periodo de aleitamento
aumenta o ganho médio diario de peso, reduz a incidéncia de diarreia neonatal bovina
e doenca respiratoria bovina, reduz a concentracéo de haptoglobina sérica e aumenta

a expresséao de genes ligados a ativacao do sistema imune e sistema antioxidante.



26

4. OBJETIVOS

4.1 OBJETIVO GERAL
Avaliar o efeito do uso de um suplemento a base de taurina (99,9% de pureza)
sobre a performance, saude, marcadores inflamatorios e expresséo de genes ligados

a ativacao do sistema imune e do sistema antioxidante das células.

4.2 OBJETIVOS ESPECIFICOS

Avaliar as os efeitos da suplementagcdo de taurina sobre a incidéncia de diarreia
neonatal bovina.

Avaliar a resposta em ganho médio diario de peso (GMDP) e eficiéncia alimentar
de bezerros suplementados com taurina.

Verificar a resposta inflamatoéria dos bezerros através da andlise de haptoglobina
sérica.

Determinar a expressao de genes ligados a ativacdo do sistema imune (TLR2,
TLR4, SELL) e a atividade antioxidante (SOD1 e CAT) de bezerros durante a fase de

aleitamento.
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5.1 ABSTRACT

The objective of this study was to evaluate the effects of taurine supplementation on
growth performance, health parameters, inflammatory biomarkers, and leukocyte gene
expression in preweaning dairy calves. Twenty-four Holstein calves were enrolled at
birth and blocked according to serum Brix values, sex, and birth body weight before
being randomly assigned to 1 of 2 treatments: control (CON; n = 12) or taurine
supplementation (TAU; n = 12). Calves were individually housed and monitored from
birth to weaning. Taurine was diluted in the milk replacer and supplemented daily at a
rate of 0.3% of DM during the morning feeding period. Body weight, starter intake,
average daily gain (ADG), and feed efficiency were evaluated throughout the study.
Fecal scores and occurrence of diarrhea were recorded daily. Blood samples were
collected at 7 and 30 d of age to evaluate leukocyte gene expression, and serum
haptoglobin concentrations were determined at 7, 14, 21, and 30 d of age. Gene
expression analyses included antioxidant-related genes (SOD1 and CAT) and
immune-related genes (SELL, TLR2 and TLR4). Taurine supplementation improved
feed efficiency and tended to increase ADG in comparison with CON calves (P = 0.09).
Supplemented calves also showed reduced duration of diarrhea episodes,
characterized by fewer days with fecal scores 2 and 3 (P < 0.05). Taurine
supplementation did not affect serum haptoglobin concentrations (P > 0.10), although
an effect of age was observed (P < 0.001). TAU supplementation did not affect
leukocyte gene expression at 7 d of age (P > 0.10. However, at 30 d of age, taurine
supplementation increased the expression of SOD1 by 42% (P = 0.035), CAT by 88%
(P =0.0005), and SELL by 78% (P = 0.031) compared with CON calves. These results
demonstrate that taurine supplementation during the preweaning period improved calf
health and feed efficiency while modulating genes associated with antioxidant capacity
and leukocyte function. Despite the absence of changes in systemic inflammatory
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biomarkers, taurine showed potential as a nutritional strategy to support immune and

antioxidant responses in dairy calves during early life.

Keywords: dairy calves; antioxidant; immune function; leukocyte gene expression.

5.2 INTRODUCTION

The preweaning period is considered one of the most critical phases in dairy
production due to the physiological, environmental, and immunological challenges
experienced by dairy calves. Neonatal calf diarrhea (NCD) and bovine respiratory
disease (BRD) are the leading causes of mortality and morbidity of dairy calves during
the neonatal period (WINDEYER et al., 2014; URIE et al., 2018). During the first weeks
of life, calves are highly susceptible to NCD and BRD, which can negatively affect
growth performance, welfare, and future milk production (Abuelo et al., 2021).
Therefore, nutritional strategies capable of improving immune function are of
considerable interest for calf rearing in dairy production systems.

Taurine (TAU) is a sulfur-containing amino acid distributed in mammalian tissues
and recognized for its multiple biological functions. TAU participates in membrane
stabilization, calcium homeostasis, mitochondrial function, lipid uptake, antioxidant
defense, and modulation of inflammatory response (Ripps and Shen, 2012,
Marcinkiewicz and Kontny, 2014; Duszka, 2022).

The supplementation of TAU has already been investigated in humans and several
non-ruminant species, particularly during periods of physiological stress. In swine, TAU
supplementation improved growth performance, antioxidant capacity, intestinal health,
and immune function in weaned piglets (Liu et al., 2014; Wang et al., 2023; Zhou et
al., 2024). In humans, TAU has also been associated with improved lipid absorption in
preterm infants (Galeano et al., 1987). Collectively, these data suggest that TAU may
play an important role in developmental physiology and during periods of metabolic
and immunological challenge.

Despite the growing interest in TAU supplementation, studies evaluating its effects
in calves are still scarce. We hypothesized that TAU supplementation would improve
growth performance, reduce disease events, reduce systemic inflammatory response,
and enhance antioxidant- and immune-related gene expression in dairy calves. Thus,
the objective of this study was to evaluate the effects of TAU on growth performance,
health parameters, inflammatory response, and leukocyte gene expression in

preweaned dairy calves.
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5.3 MATERIALS AND METHODS

5.3.1 Ethics Statement

All procedures were approved by the Universidade do Estado de Santa Catarina
Animal Care and Use Committee (protocol 3936180325).

5.3.2 Animals and Treatments

The experiment was conducted in a commercial herd located in the Midwestern
region of Santa Catarina state, southern Brazil.

Twenty-four newborn Holstein calves (BW 38.2 £ 0.2 kg; n=5 males and n=19
females) were enrolled in the experiment during the first 30 d of life. Calves were
randomly assigned to one of the following treatments: 1) Control (CON) — no taurine
supplementation in milk replacer (MR); or 2) Taurine (TAU) — supplementation of
taurine (Taurina, Soldiers Nutrition, Cajamar, SP, Brazil) mixed in the MR at 0.3% of
DM and administered during the morning feeding. Calves were immediately separated
from their dams after birth, transferred to the calf facility, had their navels disinfected
with 10% iodine, and were weighed. Calves were fed a high-quality colostrum (>25%
Brix) at a volume equivalent to 10% of body weight (BW) via an esophageal tube within
the first 2 h of life, followed by a second feeding corresponding to 5% of BW 8 h later.
A blood sample was collected from the jugular vein 24 h after colostrum feeding vein
to assess the transfer of passive immunity using an optical refractometer (Elsohaby et
al., 2015; Lombard et al., 2020). TAU supplementation started at 3 d of age in the

supplemented group.
Housing and Feeding

Calves were housed individually in wood shaving-bedded pens (2.5 x 2.0 m) and
fed 4 L/d of transition milk during d 1 and d 2. From d 3 to 30, calves were bottle-fed 6
L/d of a commercial milk replacer at a concentration of 12.5% (Sprayfo Blue, 22% CP,
18.9 % fat, Trouw Nutrition Brasil, Mirassol, SP, Brazil) divided into 2 meals (0600 and
1600 h). All calves had ad libitum access to water and a commercial calf starter (25.6%
CP, 6.4% NDF, LeiteMig Bezerras 22% Melacada, MigPlus Agroindustrial Ltda.,
Casca, RS, Brazil). MR and calf starter samples were analyzed by Near-Infrared
Spectroscopy - NIRS (Table 1). Daily milk and concentrate intakes were recorded to

calculate total dry matter intake (DMI). A digital scale was used to weigh the amount
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of taurine (0.3% of DMI) diluted into the MR for the TAU group. After this period, calves
were fed according to the standard feeding protocol adopted by the farm.

Table 1. Chemical composition (% of DM) of milk replacer and calf starter.

ltem Milk Replacer? Calf Starter?
DM, % 98.1 87.4
Ash 9.4 7.3
Crude Protein 22.0 25.6
Ether Extract 17.9 2.6
Crude Fiber - 6.4
Lactose 43.4 -

IMilk Replacer (Sprayfo Azul, Trouw Nutriton Brazil, Mirassol, SP, Brazil).
2Calf starter (LeiteMig 22% Melacada, MigPlus Agroindustrial Ltda., Casca, RS, Brazil)

5.3.3 Performance and Health Assessments

All calves were weighed at birth and at 30 d of age using a digital scale. Feed
efficiency was calculated as gain-to-feed ratio. The incidence of diarrhea and bovine
respiratory disease (BRD) was monitored daily. Diarrhea was assessed based on fecal
consistency using a scoring system ranging from 0 to 3, where 0 = solid, 1 = pasty, 2
=loose, and 3 = watery feces (McGuirk, 2008). Calves were considered diarrheic when
fecal scores were = 2 for more than 2 consecutive days or = 3 for at least 1 day. BRD
was evaluated according to McGuirk and Peek (2014) but no cases were observed
during the experimental period. Calves diagnosed with diarrhea received an oral
electrolyte replacer (94 g/L of sodium, 36 g/L of potassium, 68.8 g/L of chloride, and
235 g/L of dextrose; JA Saude Animal, Patrocinio Paulista, SP, Brazil) as supportive
therapy, prepared by diluting 50 mL of the product in 2 L of warm water and offered
between milk feedings. No antimicrobial or anti-inflammatory therepies were

administered to diarrheic calves.
5.3.4 Blood Sampling

Blood samples were collected from jugular vein 1-2h before the morning feeding
for different analyses. For haptoglobin determination, samples were taken on days 7,
14, 21, and 30 of age into tubes with clot activator (Vacutainer, Becton Dickinson, NJ)

and centrifuged at approximately 1200 x g for 10 min. Serum was separated and stored



36

in 2 mL microtubes at -20 °C until further analysis. For gene expression analysis, blood
samples were taken on d 7 and d 30 of age into K3 EDTA-containing tubes (Vacutainer,
Becton Dickinson, NJ). Samples were mixed well by inverting 5 times and blood was
transferred to RNase/DNase-free cryogenic vials within 30 min after sampling, and

immediately stored in liquid nitrogen until RNA extraction.
5.3.5 Haptoglobin Analysis

Serum haptoglobin concentrations were determined by a commercial laboratory
(VidaVet Laboratério Veterinario, Botucatu, SP, Brazil) using an in house assay
developed for bovine samples. The method is based on a colorimetric approach and
is not dependent on antigen-antibody interactions. Quantification was performed using
a standard curve generated from internal controls. All samples were analyzed in
duplicate, and assay precision was evaluated by the coefficient of variation, with a
threshold of 10%. In each run, control samples were analyzed in triplicate to establish
the standard curve and monitor consistency between assays using the same batch of

reagents and controls.
5.3.6 RNA Extraction and Gene Expression Analysis

Prior to RNA extraction, erythrocytes were lysed using a red blood cell lysis solution
(5 mM MgClz; 10 mM NaCl; 10 mM Tris-HCI pH7.0). Total RNA was extracted from
leukocytes cells using the SV Total RNA Isolation System (Promega Corporation,
Madison, WI) including an on-column DNase treatment, according to manufacturer’s

instructions (https://www.promega.com/-/media/files/resources/protocols/technical-

manuals/0/sv-total-rna-isolation-system-protocol.pdf). RNA concentration was

measured using a spectrophotometer (NanoDrop ND2000, Thermo Fisher Scientific,
Waltham, MA, USA), and purity was assessed by the A260/280 ratio (mean + SD: 1.89
+0.10).

Complementary DNA (cDNA) was synthesized using the GoScript™ Reverse
Transcription System with random primers (Promega Corporation, Madison, W1, USA).

Quantitative real-time PCR (RT-gPCR) was performed in triplicate in 96-well plates
(MicroAmp™  Applied Biosystems, Waltham, MA, USA) with a final reaction volume of
15 pL containing 60 ng of cDNA, using GoTag® gPCR Master Mix (Promega
Corporation, Madison, WI, USA) with SYBR Green and gene-specific primers in an ABI
7500 Real-Time PCR System (Applied Biosystems, USA). Amplification data were
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analyzed using 7500 Software (version 2.3; Applied Biosystems, USA), and
dissociation curves were generated to verify the presence of a single product. Reaction
efficiency was determined from standard curves generated from Ct values, with all
assays showing coefficients of determination (R?) > 0.99 and efficiencies between 0.9
and 1.1.

Primer sequences were obtained from the literature, synthesized by Invitrogen
(Carlsbad, CA, USA) and validated for specificity and amplification efficiency prior use.
The expression of five genes was evaluated: toll-like receptor 2 (TLR2), toll-like
receptor 4 (TLR4), catalase (CAT), superoxide dismutase (SOD1), and selectin L
(SELL). Two genes were used as references for normalization, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and tyrosine 3-monooxygenase/tryptophan 5-

monooxygenase activation protein zeta (YWHAZ). The primer sequences of selected

genes are listed in Table 2.

Table 2. Bovine primers used in the quantitative real-time PCR (RT-gPCR) analysis.

Symbols Forward (F) and Reverse (R) Primer R? Efficiency Reference
GAPDH F: GGTGATGCTGGTGCTGAG 0.99 1.023 Abdelmegeid et al.
R: TGACAATCTTGAGGGTGTTG
(2017)
YWHAZ F: AGGCTGAGCGATATGATGAC 0.99 1.012 Abdelmegeid et al.
R: GACCCTCCAAGATGACCTAC
(2017)
SOD1 F: GGCTGTACCAGTGCAGGTCC 0.99 1.045 Abdelmegeid et al.
R: GCTGTCACATTGCCCAGGT
(2017)
CAT F: GCTCCAAATTACTACCCCAATAGC 0.99 0.944 Abdelmegeid et al.
R: GCACTGTTGAAGCGCTGTACA
(2017)
TLR2 F: CCATGTCTGGAGAGGGTGTT 0.98 0.960 Abdelmegeid et al.
R: GGGGACACAAAACAGCACTT
(2017)
TLR4 F:GCTGTTTGACCAGTCTGATTGC 0.99 0.906 Abdelmegeid et al.
R: (2017)
GGGCTGAAGTAACAACAAGAGGAA
SELL F: 0.99 0.932 Abdelmegeid et al.

C.TCTG CTACACAGCTTCTTGTAAACC
R: CCGTAGTACCCCAAATCACAGTT

(2017)
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5.3.7 Statistical Analyses

Statistical analyses were performed using the MIXED procedure in SAS software (ver.
9.4, SAS Institute Inc., Cary, NC) and the following model:

Yij=u+Ti+ej

Where Yijjis the observed value of the dependent variable; T; is the fixed effect of
treatment (taurine; i = 1 and 2); ej is the random residual error (j = 1 to 12), assumed
~ N (0, ¢2); N stands for Gaussian distribution; and 62 is the random variance

associated with residual effect.

Haptoglobin concentration results were analyzed considering repeated measures and

using the model:
Yik = U+ Ti + wijj+ Dk + TxDik + €ijik

Where Yjjis the observed value of the dependent variable; Ti was previously described;
wijis the random error associated with the animal random effect (experimental unit to
evaluate treatment effect), assumed ~ N (0, 63); Dk is the fixed effect of evaluation day
(k = 1 to 4); TxDiis the fixed interaction effect among treatment and evaluation day;
eik is the random residue, assumed ~ MVN, (0, R); MVN stands for multivariate

analysis; R is a matrix of variance and covariance due to repeated measure

For gene expression analysis, the geometric mean of the housekeeping genes was
used as a covariate, and the statistical analysis was performed separately for d 7 and
d 30 of age. Statistical significance was declared at P < 0.05 and tendencies were

considered when 0.05<P <£0.1.
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5.4 RESULTS

5.4.1 Performance and health parameters

Growth performance and health parameters are presented in Table 3. Taurine
supplementation tended to increase ADG (control 0.44 + 0.01 kg/d; TAU 0.47 + 0.01
kg/d; P = 0.07) although no differences were observed on final body weight (control
51.54 £ 1.08 kg; TAU 53.55 + 1.12 kg; P = 0.21). Feed efficiency was higher in calves
supplemented with taurine (control 0.62 + 0.01; TAU 0.69 + 0.01; P = 0.02). Total DM
and concentrate intakes were not affected by the treatment (P > 0.10).

Diarrhea incidence was not affected by TAU supplementation. In total, 50% (6/12)
of CON calves had at least one bout of diarrhea, and 41.6% (5/12) of TAU calves had
a bout of diarrhea. However, TAU calves demonstrated fewer total days of fecal score
=3 (P =0.05), and tended to demonstrate fewer total days of fecal score = 2 (P = 0.07,;
Table 3).

Table 3. Effects of taurine (TAU) on intake, performance parameters, and health
parameters of preweaning dairy calves.

Group
ltem CON TAU? SEM P-value

Initial BW, kg 38.30 38.42 1.23 -
Serum Brix, % 10.01 10.19 0.14  -—---
Final BW, kg 51.54 52.53 1.28 0.45
ADG, kg/d 0.44 0.47 0.01 0.07
Total DMI, g/d 804.60 803.02 7.47 0.88
Starter DMI, g/d 54.60 53.02 7.47 0.88
Gain-to-feed Ratio, kg/kg 0.53 0.58 0.01 0.02
Diarrhea bouts

Score = 0, total days 13.41 14.83 1.70 0.56

Score = 1, total days 8.58 8.58 1.49 0.64

Score = 2, total days 5.58 3.83 0.65 0.07

Score = 3, total days 2.41 1.36 0.51 0.05

TAU = taurine supplementation at a rate of 0.3% of DM.
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5.4.2 Haptoglobin concentration

Serum concentrations of haptoglobin are shown in Figure 3. Hp concentrations
were affected by day of age (P < 0.0001), however, no effect of TAU supplementation
or interaction of TAU and age was observed (P > 0.10).

Figure 3. Haptoglobin concentration of calves supplemented (TAU) or not (CON) with
taurine diluted in milk replacer.
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ITRT = treatment effect; Day = age effect; TRT x Day = interaction of treatment x age.
Values are LSMEANS and error bars indicate the SEM.

5.4.3 Gene Expression

Expression of all target genes was not affected by the treatment at 7 days of age
(Fig.4A). However, at 30 d of age, TAU supplementation modulated the expression of
genes associated with antioxidant activity and leukocyte function compared with the
control group. Specifically, TAU increased the expression of SOD1 by 42% (P = 0.035),
CAT by 88% (P = 0.0005), and SELL by 78% (P = 0.031), as shown in Figure 4B. The
expression of TLR2 and TLR4 was not associated with TAU feeding (P > 0.10; Fig.4B).
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Figura 4. Effects of taurine supplementation on leukocyte gene expression of
preweaning dairy calves. (A) Expression of superoxide dismutase (SOD), catalase
(CAT), toll-like receptor 2 (TLR2), toll-like receptor 4 (TLR4), and selectin L (SELL) in
calves with 7 d of age. (B) Expression of superoxide dismutase (SOD), catalase
(CAT), toll-like receptor 2 (TLR2), toll-like receptor 4 (TLR4), and selectin L (SELL) in
calves with 30 days of age.
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5.5 DISCUSSION

The supplementation of taurine has already been evaluated in humans and other
species (Chen et al., 2024; Faghfouri et al., 2021; Singh et al., 2023; Zhou et al., 2024).
Studies evaluating taurine supplementation in ruminants are limited, and regarding
dairy production, the available information is restricted to in vitro experiments using cell
culture of polymorphonuclear leukocytes isolated from dairy calves (Abdelmegeid et
al., 2017). Therefore, to the best of our knowledge, this is the first study to investigate
taurine supplementation in vivo for dairy calves. Given the fact that the taurine used in
the experiment was not protected against ruminal degradation, the utilization of pre-
ruminant calves represented a more appropriate manner for evaluating its potential
effects, once taurine and other amino acids are extensively degraded in the rumen
(Jones et al., 1988; Zhang et al., 2023).

Our results demonstrated that taurine supplementation increased feed efficiency
and tended to increase ADG. Although supplemented calves were numerically heavier
at the end of the study, the experimental period may have been short for the cumulative
effects of increased ADG to result in a statistical difference in body weight. Moreover,
supplemented calves showed a shorter recovery time from diarrhea bouts indicated by
fewer days with fecal scores 2 and 3. Taurine also modulated the expression of genes
related to antioxidant capacity (SOD1 and CAT) and leukocyte functionality (SELL),
indicating improved immune responsiveness, despite no changes in serum Hp
concentrations between treatments.

Similar positive effects of TAU on growth performance have been reported in swine,
particularly in piglets during periods of physiological and environmental stress, such as
weaning (Chen et al., 2024; Wang et al., 2023; Zhou et al., 2024). Moreover, studies
in gilts have demonstrated that maternal supplementation of TAU can positively affect
offspring performance (Xu et al., 2019), suggesting that this amino acid may play an

important role in developmental physiology.

The improved feed efficiency and tendency for increased ADG observed in TAU
calves may be explained by the role of taurine in bile acid conjugation. Taurine is the
primary amino acid involved in bile acid conjugation, increasing bile acid solubility and
enhancing their emulsifying capacity in the small intestine. Taurine-conjugated bile
acids act as efficient biological emulsifiers, increasing lipid digestibility (Duszka, 2022).

Research has shown that preterm infants have demonstrated higher lipid absorption
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when TAU was supplemented in a premature formula (Galeano et al., 1987).
Moreover, this emulsification effect could be especially relevant when vegetable fat
sources are used in milk replacers, as in the present study, since the digestibility and
utilization of vegetable lipids by calves may be lower compared with milk fat (Raven
and Robinson, 1964). Previous studies reported improvements in growth performance
and feed efficiency in calves fed vegetable fat-based milk replacers supplemented with
exogenous emulsifiers (Reis et al., 2020). Fat digestibility was not evaluated in our
study, representing an important limitation and opportunity for future research.

While TAU did not affect the overall incidence of diarrhea, supplemented calves
showed fewer days with fecal scores 2 and 3, suggesting faster recovery from diarrhea
episodes. Calf diarrhea is associated with intestinal epithelial damage, activation of
inflammatory response, and oxidative stress, all of which negatively affect calf growth
and health (Cho and Yoon, 2014; Fu et al., 2024). Taurine possesses important
cytoprotective, antioxidant, and anti-inflammatory properties (Jacometo et al., 2017;
Wang et al., 2023) which may contribute to the maintenance of intestinal integrity
during enteric changes. Moreover, TAU supplementation may have enhanced the
ability of immune cells to eliminate enteric pathogens, particularly through the
production taurine chloramine, during the reaction between taurine and hypochlorous
acid released by activated neutrophils, that possesses recognized anti-inflammatory
activity may potentiate phagocytic activity and oxidative burst of leukocytes (Kim et al.,
2018). According to Abdelmegeid et al. (2017), TAU increases the expression of
myeloperoxidase (MPO), a protein responsible for the creation of hypochlorous acid
during the oxidative burst by leukocytes. Therefore, TAU may have improved the
capacity of leukocytes to control enteric pathogens while simultaneously limiting
excessive inflammatory damage, contributing to the reduced duration of diarrhea
observed in supplemented calves.

Despite the reduced duration of diarrhea observed in TAU calves, the lack of
differences in haptoglobin concentrations between treatments may indicate that the
enteric challenges experienced by the calves were not severe enough to induce a
systemic inflammatory response. It is important to consider that all diarrhea cases in
both groups occurred during the same period, between 7 and 14 d of age, followed by
a gradual reduction in clinical signs. This pattern likely contributed to the observed
effect of day on haptoglobin concentrations. Although haptoglobin is considered a

reliable biomarker of inflammation and markedly increases during bovine diseases
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(Tizard, 2019; Joshi et al., 2018), there is still a limited number of studies evaluating its
concentrations in calves, due to the immature immune during the neonatal period
(Ramos, 2018).

The absence of treatment effects on gene expression at 7 d of age suggests that
taurine supplementation was not able to modulate leukocyte transcriptional activity
during the first week of life. However, at 30 d of age, taurine supplementation increased
the expression of SOD1 and CAT, indicating modulation of antioxidant defense
pathways. These findings corroborate previous studies reported in swine, in which TAU
supplementation modulated the expression of genes associated with antioxidant
activity (Liu et al., 2014; Zhou et al., 2024). Furthermore, previous in vitro research has
demonstrated that TAU upregulated SOD1 expression in leukocytes isolated from
dairy calves (Abdelmegeid et al., 2017), supporting the hyptothesis that taurine may
enhance antioxidant defense mechanisms in immune cells as observed in our study.
Additionally, at 30 d of age, taurine increased the expression of SELL, an adhesion
molecule involved in leukocyte transport to inflammatory sites (Ley, 2003), indicating
improved immune responsiveness in supplemented calves. In contrast, an in vitro
study reported reduced SELL expression in TAU-supplemented leukocytes
(Abdelmegeid et al.,, 2017). The reasons for these contrasting results are not
completely understood, but may be associated with differences between experimental
conditions, treatment exposure time, and the complexity of systemic physiological
responses present in live animals.

Beyond its antioxidant properties and immune activation effects, taurine has also
been reported to reduce the gene expression and the concentration of pro-
inflammatory citokines in several species (Abdelmegeid et al., 2017; Marcinkiewicz
and Kontny, 2014, Singh et al., 2023; Zhou et al., 2024). Our study has not evaluated
the expression of these inflammation biomarkers, representing an important limitation
and opportunity for future research.

Furthermore, the taurine inclusion used in the present study (0.3% of DM) was
based on studies conducted in swine (Liu et al., 2014; Zhou et al., 2024), since
previous in vivo studies evaluating taurine supplementation in dairy calves are current
unavailable. Therefore, additional studies evaluating different taurine doses and
supplementation periods are necessary to better understand the biological responses
and potential productive, metabolic, and immunological effects of this amino acid in

dairy calves.
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5.6 CONCLUSIONS

Our results indicated that taurine supplementation during the preweaning period
improved feed efficiency and tended to enhance ADG in dairy calves. In addition,
supplemented calves exhibited a shorter duration of diarrhea episodes and greater
expression of genes associated with antioxidant defense (SOD1 and CAT) and
leukocyte function (SELL). Therefore, taurine supplementation represents a
promising nutritional strategy to improve calf health and performance during early
life. Further studies are warranted to elucidate the mechanisms underlying these
responses and to determine the optimal supplementation dose and duration for
dairy calves.
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