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RESUMO

Inclusdo de lisolecitina ou B-glucanas na dieta liquida de bezerros leiteiros: efeitos no
desempenho, sauide e metabolismo

O objetivo desse estudo foi avaliar o efeito da inclusdo de lisolecitina ou B-glucanas na
dieta liquida de bezerros leiteiros em relacdo ao desempenho, salide e metabolismo.
Foram conduzidos dois experimentos com 32 bezerros da raca Holandesa cada em
delineamento experimental de blocos casualizados, totalizando 16 animais por
tratamento. Os animais foram distribuidos em blocos, de acordo com o0 peso ao nascer,
data de nascimento e sexo, sendo distribuidos nos tratamentos do Experimento 1: 1)
Controle; 2) Sucedaneo lacteo suplementado com lisolecitina (4 g/dia); e no Experimento
2: 1) Controle; 2) Sucedaneo lacteo adicionado de [3-glucanas (2g/dia). O consumo de
alimentos, e o escore fecal e de saude foram avaliados diariamente durante 56 dias de
idade em ambos os experimentos. O desenvolvimento corporal foi acompanhado através
da pesagem corporal semanalmente e medidas corporais quinzenalmente em ambos
experimentos. Amostras de sangue foram coletadas semanalmente para a determinagéo
de indicadores metabdlicos. A inclusdo de lisoleticina ndo apresentou efeito no consumo
de matéria seca (P >0.05). No entanto, melhorou o ganho médio diario (P <0.04), o peso
corporal final (P <0.05), a eficiéncia alimentar (P <0.02) e o escore fecal (P =0.04). Os
parametros sanguineos também ndo foram afetados, exceto pelas concentracbes de
proteina total (P <0.01), que foram menores nos bezerros suplementados com lecitina. Os
principais efeito da inclusdo de [3-glucanas para os bezerros durante o periodo de
aleitamento foi a melhor eficiéncia alimentar (P = 0.04), peso corporal final (P =0.05)
Além disso, bezerros ndo suplementados tiveram uma maior incidéncia de diarreia
quando comparado aos animais suplementados com R-glucanas OR 22.46 (95% CI:
15.14-33.32; P <0.0001). A inclusdo de aditivos na dieta liquida de bezerros é uma
alternativa que pode auxiliar na melhoria da eficiéncia alimentar, escore fecal e
consequentemente no desempenho.

Palavras-chave: Aditivos; ganho de peso; eficiéncia alimentar; escore fecal.



ABSTRACT

Inclusion of lysolecithin or 3-glucans in the milk replacer for Holstein dairy calves:
effects on performance, health and metabolism

The study aimed to investigate how addition of B-glucans can affect calf’s growth
performance, health, and blood metabolites. Two experiments were conducted with
thirty-two Holstein dairy calves each (16 calves per treatment/ experiment). Calves were
individually housed in tropical shelters and blocked according to sex, date and weight at
birth and randomly assigned to 1 of the treatments of Experiment 1: 1) Control; 2) Milk
replacer supplemented with lysolecithin (4 g / day); and Experiment 2: 1) Control; 2)
Milk replacer supplemented with B-glucans (2g / day). Feed intake, and health score and
fecal score were recorded daily during 56-d study in both experiments. Body weight were
measured weekly and body measures biweekly in both experiments. Blood samples were
collected weekly to determine metabolic indicators. Lysolecithin had no effect on dry
matter intake (P >0.05). However, the lysolecithin improved average daily gain (P <0.04),
final body weight (P <0.05), feed efficiency (P <0.02), and fecal score (P =0.04). Blood
parameters were also not affected, except for total protein concentrations (P <0.01), which
were lower in supplemented calves. In the experiment 2 the main effect of providing beta-
glucans to Holstein dairy calves during preweaning period is the improvement in feed
efficiency (P =0.04), final body weight (P =0.05). Moreover, control calves were more
likely to have a diarrhea bout than -glucans calves OR 22.46 (95% CI: 15.14-33.32; P
<0.0001). Overall, lysolecithin and B-glucans supplementation may improve feed
efficiency, final body weight and fecal score during the preweaning phase.

Key words: Additives; fecal health; feed efficiency; weight gain.



1. INTRODUCAO

Em propriedades leiteiras a criagcdo de bezerras e novilhas representa o futuro da
reposicdo do rebanho ou a possibilidade de ampliagdo futura, sendo essencial para
estabilidade do sistema de produc&o. Para que isso aconteca de forma eficiente, se faz
necessaria a adocao de adequado manejo alimentar, sanitario e condi¢fes de bem-estar
que contribuam significativamente ndo s6 com a produtividade, mas com a salde e
desenvolvimento, garantindo a sustentabilidade e lucratividade futura de uma fazenda
leiteira (Tahmasbi et al., 2014).

As enfermidades dos bezerros tém um impacto significativo na economia da
atividade devido as perdas diretas, além dos efeitos de longo prazo sobre o desempenho
(Lorenz et al., 2011). Nesse sentido, a saude dos bezerros pode ser destacada como um
dos problemas mais significativos enfrentados na bovinocultura leiteira. A alta taxa de
mortalidade de bezerras no sistema de criacdo é um fator preocupante visto que essas
posteriormente serdo matrizes leiteiras, o que influencia diretamente a futura producéo de
leite (LOpez-Valencia et al., 2017). Enfermidades do trato gastrointestinal, como as
diarreias, sdo as principais responsaveis pela alta taxa de mortalidade. Isso porque o
periodo de maior susceptibilidade do sistema digestorio ocorre nas duas primeiras
semanas de vida (Hulbert e Moisa, 2016).

Logo apds o nascimento, bezerros ndo tém imunidade inata, nem sdo ruminantes
funcionais. Por isso enfrentam o desafio de adquirir imunidade e, se alimentar como nédo
ruminantes nas primeiras semanas de vida até que o desenvolvimento e a funcéo ruminal
estejam estabelecidos (Kertz et al., 2017). Além disso, durante esse periodo bezerros estdo
expostos a diversos patdgenos causadores de enfermidades. Dessa forma, ¢é
imprescindivel boas préaticas de nutricdo e gerenciamento para garantir o crescimento e
desenvolvimento na criacdo das bezerras durante todo o periodo de aleitamento.

A inclusédo de aditivos na dieta de bezerros pode ser uma estratégia benéfica para
0 desempenho e salde desses animais. Esses aditivos tém podem ter funcdo de melhorar
a eficiéncia de utilizacdo de nutrientes, podendo também prevenir algumas enfermidades
(FAO, 2019). O uso de fontes alternativas como as B-glucanas na dieta de bezerros

resultou em melhora na composicao da microflora intestinal (Zhou et al., 2009; Signorini
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et al., 2012), melhor eficiéncia na digestdo de nutrientes (Ma et al., 2014), e melhor salde,
uma vez que diminuiu a frequéncia de enfermidades e reduziu morbidade e mortalidade
em bezerros (Magalhaes et al., 2008).

Os emulsificantes também sdo utilizados na dieta para melhorar o desempenho
zootécnico, atraves de melhor absorcéo e nutrientes. Estes auxiliam a absorcao de gordura
no epitélio intestinal, aumentando o aproveitamento pelo animal (Silva Junior, 2009).
Estudos recentes apresentaram maior ganho médio diario em leitdes (Papadoulos, 2014)
e melhor eficiéncia alimentar em vacas (Rico et al., 2017), ovelhas (Gallo et al., 2019) e
frangos (Boontiam et al., 2019). Os estudos da incluséo de emulsificantes como aditivos
na dieta de bezerros sdo escassos. Aparentemente, a lisolecitina apresenta um papel
importante para a emulsificagdo nesses animais no periodo de aleitamento, mas o efeito
relativo ainda precisa ser verificado (Garton, 1969).

Assim, o objetivo deste trabalho foi avaliar a incluséo de dois diferentes aditivos,
B-glucanas ou lisolecitina, na dieta liquida de bezerras leiteiras e avaliar seus efeitos no

desempenho, satde e metabolismo dos animais.

2. REVISAO DE LITERATURA
2.1. Desenvolvimento do sistema digestorio de ruminantes

O sistema digestdrio dos ruminantes se desenvolve no estagio embrionario e ¢
composto por rumen, reticulo, omaso e abomaso (Davis e Drackley, 1998). Porém, nas
primeiras semanas de vida a digestdo dos bezerros funciona similarmente a digestdo de
animais monogastricos (Baldwin et al., 2004). Para que se tornem ruminantes funcionais
€ necessario que passem por mudancas morfofisiologicas, sendo o tempo e o tipo de
alimento fornecido aos bezerros fatores fundamentais neste processo (Silva; Bittar;
Ferreira, 2011).

Com o avanco da idade ocorre o desenvolvimento ruminal e as proporcGes
relativas de cada compartimento gastrico séo alteradas, até que tenha proporc¢des de um
animal adulto (Tabela 1). Entre 12-16 semanas de idade, os compartimentos do trato
digestdrio superior de bezerros, reticulo-rimen, omaso e abomaso apresentam proporc¢des
de 67%, 18% e 15% respectivamente, em termos de peso do tecido, valores semelhantes
ao de um animal adulto (Davis e Drackley, 1998). O desenvolvimento depende de fatores
como a colonizagdo por microrganismos, 0 aumento da capacidade absortiva do tecido

ruminal, a disponibilidade de &4gua e a presenca de alimentos solidos (Quigley, 1996).



Tabela 1 - Proporc¢éo e peso dos compartimentos do trato digestério superior de bezerros

ao longo do seu desenvolvimento

Semanas
0 2 4 8 12 17 Adulto
Reticulo-rumen, % 35 40 55 65 66 68 62

Reticulo-ramen, g 95 180 335 770 1.150 2.040 4.540

Omaso, % 14 15 11 14 15 18 24
Omaso, g 40 65 70 160 265 550 1.800
Abomaso, % 51 45 34 21 19 14 14
Abomaso, g 140 200 210 250 330 425 1.030

Adaptado de Church, 1988.

A fase de aleitamento é marcada por desafios imunologicos e alta dependéncia de
dietas liquidas, o que lhe confere um custo dietético elevado (Oltramari et al., 2016).
Nesse periodo, o trato gastrointestinal dos bezerros é constantemente desafiado pois esta
sujeito as alteracbes morfofisioldgicas e ao estabelecimento do microbioma ruminal e
intestinal e ainda se encontra em desenvolvimento.

Além da imaturidade anatémica, os bezerros apresentam limitacGes fisiologicas
nas primeiras semanas de vida por ndo serem capazes de produzir ou produzirem
quantidades insuficientes de enzimas responsaveis em digerir carboidratos (amilase,
maltase e isomaltase), exceto a lactase, responsavel pela digestdo da lactose proveniente
do leite. Devido a estes aspectos do sistema digestorio dos bezerros e a menor capacidade
de digestdo no intestino, a utilizacdo de ingredientes inadequados ou de produtos de
origem vegetal na dieta liquida pode provocar disturbios metabdlicos, como a diarreia
(Soares, 2013).

2.2. Substitutos de leite
Os substitutos de leite se apresentam como uma boa alternativa para alimentacéo
de bezerros jovens, desde que apresentem boa qualidade. Uma vez que o fornecimento
desse produto oferece maior seguranca alimentar e maior consisténcia na composicao de
solidos totais, € uma 6tima alternativa ao fornecimento de leite de descarte (Drackley,

2008). A consisténcia dos ingredientes utilizados na dieta de bezerros é extremamente

11
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importante pois reduz as chances de problemas digestivos, principalmente em situacoes
em que esses animais sdo submetidos a situagdes de estresse derivados de clima ou
doencas.

A composicdo de nutrientes do substituto do leite deve ser compativel com a fase
em que o0s bezerros se encontram. De todos 0s nutrientes presentes, a gordura é a principal
variavel que resulta em diferencas no conteldo energético, sendo que sua elevacao
aumenta os ganhos diarios, mas podem diminuir o consumo inicial (Hill; Aldrich;
Schlotterbeck, 2006). A inclusdo de altos niveis de gordura vegetal ou animal nas dietas
tem como objetivo melhorar o potencial de crescimento dos animais. Segundo Jenkins e
Kramer (1986), a incorporacdo de gorduras na fabricacdo de suced@neos apresenta
resultados satisfatérios, além de boa digestibilidade pelos bezerros.

As gorduras de origem animal, como o sebo, sdo alternativas para composicao de
sucedaneos. Porém, a sua composicédo de acidos graxos saturados o torna uma gordura
pouco aproveitada pelo animal, visto que essa caracteristica diminui digestibilidade. As
gorduras de origem vegetal também séo amplamente utilizadas (Azevedo, 2017).

E fato que as gorduras de origem lactea sio as mais adequadas para a incorporago
de sucedaneos, entretanto, devido ao alto valor comercial essas sdo substituidas produtos
de origem vegetal como 6leo de palma ou 6leo de coco (Bittar; Ferreira; Da Silva, 2016).
O Oleo de coco apresenta caracteristica de digestibilidade de &cidos graxos muito
semelhante da encontrada na gordura do leite (Davis e Drackley,1998).

A inclusdo de gorduras nos substitutos do leite ocorre através do processo
conhecido como spray-dry, que auxilia na sua dispersdo no sucedaneo e facilita o
manuseio. As gorduras sdo insollveis em agua, o que impede a solubilizagcdo no trato
gastrointestinal. Assim, precisam ser emulsionadas antes que as enzimas lipoliticas
possam digeri-las. Em virtude da insolubilidade da gordura em agua torna-se necessario
a adicdo de agentes emulsificadores para digestdo, sendo também importante para a
adequada diluicdo de sucedaneos (Siyal et al., 2017). Dessa forma, os emulsificantes
estabilizam uma emulsdo e impedem a coalescéncia dos glébulos da fase dispersa (Siyal
et al., 2017). Um emulsificante na dieta auxilia no aumento da superficie enzimatica total

necessaria para a digestdo de gorduras (Roy et al., 2010).



2.3. Lisolecitina

Os lisofosfolipideos sdo considerados emulsificantes de gordura, moléculas que
elevam a capacidade de preservacdo dos nutrientes no processo de absorcdo de Oleos e
gorduras. Esses sdo melhores aproveitados em relagdo aos lipidios neutros pois
apresentam caracteristicas anfipaticas, ou seja, possuem porcdes hidrofilicas e
hidrofdbicas. Os lisofosfolipideos requerem uma menor concentracdo para formagdo de
micelas (concentracdo micelar critica) comparados aos surfactantes quimicos sintéticos,
0 que possibilita maior absor¢do do acido linoleico, em cerca de 17%, (Zubay; Adisson-
Wesley, 1984). As adicOes dessas substancias sd@o utilizadas para estabilizacdo no
processo de suspensdes de gordura, como € o caso dos monoglicerideos lisofosfolipideos
como a lecitina (Tomkins; Jaster, 1991). Além disso, a inclusdo de lecitina na dieta animal
apresenta-se como fonte energética altamente digestivel.

A lecitina é composta por uma mescla de fosfolipidios (50%), triglicerideos (35%)
e glicolipidios (10%), carboidratos, pigmentos, carotenoides e outros microcompostos.
As propriedades tensoativas da lecitina sdo provenientes da estrutura molecular dos
fosfolipidios, componentes ativos da lecitina. Essa pode ser obtida da soja, e de diversas
fontes de 6leos vegetais como o 0leo de palma, 6leo de canola e o 6leo de girassol, bem
como leite. Possui capacidade de emulsificante, o que auxilia a utilizacdo da gordura da
dieta (Overland et al., 1993).

Emulsionantes sintéticos derivados da hidrolise enzimética da lecitina como
lisolecitina ou lisofosfatidilcolina também executam a mesma funcéo (Zhang et al., 2011).
A lisolecitina é produzida naturalmente no intestino delgado de ruminantes através da
hidrolise da lecitina através da enzima fosfolipase A2, o que auxilia na absor¢édo de acidos

graxos (Figura 1) (Dawson, 1959).

Quebra da gordura em
Consumo do gordura Emulsificagao da gordura dcidos graxos pela lip For de M 1 Absorgao da gordura

. N N ( N N
Pnrtlc;l:'dg‘:::da de ! Fe) -0 (P q Q
_é;_ L
d a » \e)
> < R
o N S L‘c - J o D N

Atuacéo da LISOLECITINA Atuacéo da LISOLECITINA Atuagéo da LISOLECITINA

Figura 1 — Atuacdo da lisolecitina no processo de emulsificacgéo.

A inclusdo de lisofosfolipidios como lecitina e lisolectina resultaram em
beneficios no desepenho de animais de producdo. De acordo com Jin et al., (1998), a

adicdo da lecitina na dieta de leitdes contendo sebo melhorou a digestibilidade da matéria
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seca, extrato etéreo, energia bruta e proteina bruta. O consumo de energia foi 19% maior
em cordeiros alimentados com lecitina de soja, influenciando diretamente sobre o
rendimento e qualidade de carcaca (Lough et al.,1991). Em frangos de corte a adi¢do de
emulsificantes exdgenos na dieta resultou positivamente na digestibilidade, ganho de
peso e conversdo alimentar (Roy et al., 2010), assim como na energia metabolizavel e na
emulsificacdo do 6leo de palma (Yordan et al., 2013).

Os fosfolipidios também apresentam acdo semelhante aos antibiéticos na flora
intestinal, desestabilizando o equilibrio i6nico das bactérias (Silva Janior et al., 2009).
Esse modo de acdo tem importancia para bezerros visto que sdo susceptiveis as
proliferacdes de microrganismos patogénicos em seu sistema gastrointestinal.

A utilizacdo de emulsificantes na dieta de bovinos pode auxiliar o desempenho
animal pois estes aumentam a absorcdo de nutrientes, principalmente através dos
processos como digestdo e absorcdo de gordura (Smits et al., 2000). Esses processos
apresentam menor eficiéncia em recém-nascidos quando comparados aos animais com
sistema digestério totalmente desenvolvido. Os oOrgdos como o péancreas e figado,
fundamentais para o processo de absor¢éo, respondem a um sistema enzimatico que ainda
estd em desenvolvimento e, consequentemente, a concentracdo micelar critica nédo
consegue desenvolver uma de suas principais funcbes corretamente, a
emulsificacdo(Ruckebusch; Dardillat; Guilloteau, 1983).

A lisolecitina apresenta propriedades de superficie ativa, essenciais para o
processo de emulsificacdo de lipidios, ademais, podem influenciar a absor¢édo de acidos
graxos no intestino delgado (Jenkins et al., 1989). Sendo assim, a utilizacdo desse
fosfolipidio no sucedaneo de bezerros pode contribuir com uma melhor absorcdo de
lipideos nas primeiras semanas de vida de bezerros.

2.4. Colonizacdo do trato gastrointestinal de bezerros

Com o avanco da idade do animal, o nimero e o tipo de microrganismos que
habitam o trato gastrointestinal (TGI) se alteram com o tipo de substrato (alimento) e
mudancas na fermentacdo do mesmo. A populacdo microbiana ruminal e intestinal nas
primeiras semanas de vida é limitada em concentracdes e cepas de microrganismos
(Daneshvar et al., 2015). Essa situacdo se intensifica quando esses animais sdo
submetidos a situacdes de estresse, como desaleitamento, ambientes inadequados e
doencas (Davis e Drackley, 1998). Esses fatores influenciam diretamente na saude
gastrointestinal dos bezerros, ja que se esses animais ndo apresentam um sistema

imunologico eficiente ou uma microbiota caracteristica e estavel, a funcionalidade passa



a ser ineficiente afetando assim a digestdo e absorcdo de nutrientes da dieta oferecida
(Celi et al., 2016).

O TGI dos animais domeésticos contém comunidades microbianas densas e
complexas, podendo ser compostas por archaea, bactérias, fungos, protozoarios e virus.
Essas comunidades sdo responsaveis pela digestdo e fermentacdo de polimeros vegetais
no ramen, fungdo de extrema importancia para os ruminantes. Além disso, a microbiota
também é responsavel pela sintese de vitaminas, estimulacdo do sistema imunoldgico
(Bezirtzoglou e Stayropoulou, 2011), transformacdo metabdlica de compostos toxicos em
residuos nao toxicos, manutencdo do peristaltismo e integridade da mucosa intestinal
(Vorbach et al.,2003). Também, desempenha papel de barreira contra a colonizagdo por
patdgenos e 0 armazenamento e gasto de energia obtida da dieta (Drissi et al., 2014;
Angelakis, 2017). Ao contrario do ramen, o intestino é revestido por uma unica camada
de ceélulas epiteliais que facilita a digestdo e a absor¢édo de nutrientes, além de atuarem
como uma barreira contra microrganismos invasores, toxinas e antigenos alimentares
(Celi et al., 2016).

As alteracdes na microbiota podem ser feitas através de alteracfes na composicao
da dieta (substratos), mas também atraves de inclusdo de aditivos alimentares, como
antibioticos, probioticos e prebidticos. Esses agentes normalmente sdo adicionados na
dieta liquida ou sélida e quando chegam ao intestino formam uma barreira que reduz a
proliferacdo de bactérias oportunistas e patogénicas, impedindo a colonizacdo e
aumentando a ingestéo de energia (Angelakis et al., 2013).

2.5. Alternativas a antibidticos

Os antibidticos sdo comumente utilizados no sistema de producao para auxiliar no
tratamento de doencas, promover o crescimento e a saude dos animais (Hammer et al.,
2016). Entretanto, devido a resisténcia das bactérias aos antibioticos e a preocupacgdo com
os residuos em produtos de origem animal, se buscam alternativas a estes compostos. A
inclusdo de probidticos aparece como uma alternativa com intuito de melhorar a saude e
produtividade do rebanho (Chaucheyras-Durand e Durand, 2010; Timmerman et
al.,2005). Os probioticos também podem ser utilizados no manejo profilatico, podendo
apresentar resultados positivos na satde e desempenho de bezerros (Uyeno et al., 2015).

Probidticos sdo definidos como microrganismos vivos, na maioria das vezes
bactérias gram-positivas como Lactobacillus, Bacillus, Streptococcus, Pediococcus,
leveduras pertencentes as espécies Saccharomyces cerevisiae.Esses microrganismos,

quando ingeridos, devem apesentar algumas caracteristicas essenciais como resisténcia
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as enzimas e &cidos presentes no trato digestorio, se manterem viaveis no alimento até o
momento do consumo (Coppola e Turnes, 2004). Além disso, podem apresentar efeitos
nutricionais benéficos, melhorar a eficiéncia alimentar e agir positivamente sobre a satde
(Angelakis et al., 2012; Gaggia et al., 2010; Timmerman et al., 2005). Os efeitos benéficos
dos probidticos estdo atribuidos a manutencdo da integridade do epitélio intestinal
(YYirga,2015), além de outros aspectos resultantes do seu modo de a¢do (Tabela 2).

Os mecanismos de acdo dos probidticos sobre os patégenos ndo sdo
completamente conhecidos. Entretanto, sabe-se que um ou Varios processos, associados
ou ndo, alteraram a atividade e composicdo bacteriana do TGI de forma favoravel ao
hospedeiro. Os principais modos de acdo dos probidticos no TGI de bezerros incluem:
estimulacdo da resposta imunoldgica, metabolismo de compostos benéficos ao
hospedeiro, producdo de compostos antibacterianos, competicdo com patdgenos para
colonizacdo da mucosa intestinal ou por nutrientes e producao ou estimulagdo de enzimas
(Seo et al.,2010).

Tabela 2 - Principais mecanismos de acao de bactérias probioticas no trato gastrointestinal

de bezerros

1. Competicdo com patogenos para a colonizacdo da mucosa e/ou de nutrientes

2. Producéo e/ou estimulacdo de enzimas

3. Estimulacéo da resposta imunolégica do hospedeiro

4. Producdo de compostos antibacterianos (antibioticos, acidos, bacteriocinas)

5. Desintoxicacao e metabolismo de compostos benéficos ao hospedeiro

Adaptado de Seo et al. (2010).

A utilizacdo de probiéticos em ruminantes durante o periodo de crescimento pode
viabilizar a colonizacdo adequada do ambiente intestinal por microrganismos, fazendo
com que o sistema gastrointestinal funcione de maneira mais eficiente (Kung Jr., 2001).

De acordo com Timmerman et al. (2005), a adi¢do de probio6ticos no leite de bezerros



reduziu a incidéncia de diarreia e a taxa de mortalidade, além de melhorar a eficiéncia
alimentar até a oitava semana de vida dos animais.

As leveduras sdo componentes do grupo dos probidticos que apresentam
propriedades que favorecem fisiologicamente as condi¢c@es do ramen, fator importante
para 0 crescimento bacteriano, especialmente das bactérias celuloliticas (Queiroz et
al.,2004). O fornecimento de leveduras vivas (Saccharomyces cerevisiae) para bezerros
desde os primeiros dias de vida favorece a coloniza¢do microbiana intestinal reduzindo
patdégenos como Escherichia. coli (Zhou et al., 2009). Alguns estudos mostraram que a
suplementacdo com Saccharomyces cerevisiae resultou em melhora na saude, reducdo na
morbidade e mortalidade (Magalh&es et al., 2008); melhor eficiéncia alimentar (Leimester
et al., 2004) e reducdo no indice de diarreias (Fomenky et al., 2017) em bezerros durante
0 periodo de aleitamento.

2.6. Saccharomyces cerevisiae

A producdo do extrato da levedura Saccharomyces cerevisiae para fornecimento
como probidtico passa por processos como a autdlise das células, centrifugacdo para
isolar os componentes da parede celular que posteriormente sdo lavados e desidratados
pelo método spray-dry gerando uma fracdo insolivel, a qual & composta por

mananoligossacarideos e B-glucanas (Figura 2; Spring et al., 2000).
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Figura 2 — Parede celular da levedura Saccharomyces Cerevisiae.

Fonte: www.Ifa-america.com

A levedura Saccharomyces cerevisiae é utilizada como aditivo microbiano na
alimentacdo de ruminantes, mesmo que em quantidades reduzida (Carvalho et al., 2009).
Em vacas leiteiras, as leveduras vivas mostraram resultados positivos em relacdo a maior
producdo de leite, desempenho ruminal, aumento do consumo de matéria seca, acidos
graxos volateis (AGV) e diminuicdo da concentracdo de lactato ruminal (Chaucheyras-
Durand e Durand, 2010).
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Existem alguns trabalhos relacionados ao periodo pré-ruminante o qual se encaixa
para bezerros, analisando o estado de saude desses animais, considerando principalmente
a diarreia. Alguns trabalhos comparam a incidéncia e o grau de severidade de diarreia e
transporte de microrganismos patogénicos, além dos parametros econdmicos, mostrando
beneficios do aditivo (Gaggia et al., 2010). A reducdo na incidéncia de diarreia também
foi observada com o fornecimento de leite fermentado com bactérias L. acidophilus ou
Saccharomyces cerevisiae (Agarwal et al., 2002). A taxa de mortalidade, incidéncia de
diarreia e coliformes fecais em bezerros diminuiu através da adicdo de probidticos
contendo Lactobacillus spp. de origem humana e bovina (Timmerman et al., 2005). Em
bezerros, a suplementacdo com algumas cepas bacterianas e de leveduras auxiliaram no
ganho de peso e desenvolvimento ruminal (Adams et al., 2008) no periodo de
desaleitamento e reducdo da colonizacdo de patdgenos (Chaucheyras-Durand e Durand,
2010).

Uma das porgdes insoluvel das leveduras Saccharomyces cerevisiae é conhecida
como B-glucanas, as quais possuem caracteristicas que estimulam o sistema imune,
especificamente os macrofagos, auxiliando na defesa contra patogenos (Franklin et
al.,2005). As B-glucanas sdo componentes estruturais importantes da parede celular na

levedura e em algumas bactérias e algas como a Euglena gracilis.

2.7 Euglena gracilis

Uma fonte alternativa de p-glucanas para ragdes animais pode ser fornecida a partir
de Euglena gracilis, uma microalga de agua doce que pode servir como biomediador
para residuos agricolas e sintetizar nutrientes de alto valor (Kottuparambil,
Thankamony, & Agusti, 2019; Kraj¢ovi¢, et al., 2015). Os estudos dessas algas se
devem a sua biologia molecular e por sua producéo de uma variedade de bioprodutos
incluindo proteina contendo aminoacidos essenciais, vitaminas, lipidios e o paramilon
B-1,3-glucano (Pollak et al., 2012). Essa alga pode acumular grandes quantidades de
paramilon B-1,3-glucano, que pode constituir mais de 80% do peso (Sun et al., 2018).
Quando cultivado em um ambiente heterotrofico, Euglena pode armazenar grandes
quantidades de paramilon, e devido as propriedades insoliveis em agua desta
molécula e seu alto grau de cristalinidade incomum, € possivel recuperar paramilon
B-1,3-glucano a um custo menor quando comparado a outras fontes de glucanas

(Krajcovic et al., 2015). Os B-1,3-glucanos sdo de interesse especial por causa de suas



bioatividades imunoestimulatdrias e antimicrobianas relatadas (Russo et al., 2017;
Gissibl et al., 2018). Porém, as B-glucanas também podem contribuir para maior
imunidade do animal (Bohn; BeMiller, 1995).

2.8. p-glucanas

A atividade biologica da B-glucanas € estudada pela habilidade que essa apresenta
em ativar o0 mecanismo de defesa do hospedeiro (Kim et al., 2006). Ap0s a ingestdo, as
B-glucanas vao para o intestino delgado onde séo absorvidos pelas placas de Peyer, que
sdo aglomerados de nédulos linfaticos responsaveis pela producéo de imunoglobulinas e
anticorpos (Krehbiel e Zhang, 2016). Em nivel molecular as f-glucanas ativam as células
do sistema imune e intensificam sua capacidade de combater as doengas.

As células do sistema imune (macrofagos, mondcitos, neutrofilos e células natural
killer) reconhecem as B-glucanas através de receptores da superficie celular. Esse
reconhecimento pode ser feito pelo seu grau de ramificacdo (Chorvatovicova; Machova
e Sandula ,1996) ou solubilidade do polissacarideo (Tokunaka et al.,2002). Os
macrofagos presentes no TGI englobam essas B-glucanas, as transportam por todo o corpo
para sitios linfoides secundarios (medula 6ssea, baco, linfonodos, etc.) e simultaneamente
liberam os fragmentos de B-glucanas, o que desencadeia a liberacdo de moléculas de
sinalizagdo, como citocinas (Berner et al. ,2005; Moon et al., 2005). Essas moléculas
sinalizadoras séo responsaveis pela ativacdo de outras células do sistema imunolégico e
promovem seu recrutamento para o local infectado. Os macrofagos ativados e as células
do sistema imune combatem e destroem efetivamente células ndo reconhecidas e
organismos causadores de doencas (Tizard, 2014).

O reconhecimento pelo sistema imunologico esta associado a padrdes moleculares
(PAMPs), que comumente sdo fundamentais para sobrevivéncia de patdgenos
microbianos. Uma das PAMPs mais conhecidas sdo as B-glucanas que estimulam
respostas das células de defesa protegendo o hospedeiro contra invasao de organismos
causadores de doencas, caracterizando a imunidade inata de organismos superiores
(Brown; Gordon, 2005). O efeito imunomodulatorio das B-glucanas foi efetivo em
infeccbes causadas por virus (Jung et al., 2004); parasitas (Holbrook; Cook; Parker,
1981); fungos (Meira et al., 1996) e bactérias (Liang et al., 1998).
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Em bovinos, essa ativagdo do sistema imune contribui positivamente,
principalmente quando esses animais s&o expostos a situacdes de estresse, doencas ou até
no periodo em que os animais jovens estdo desenvolvendo seu sistema imunologico (Celi
et al., 2016). O aumento na imunidade protetora de bezerros é de extrema importancia
para os produtores, visto que esses animais S0 muito suscetiveis a doencas nas primeiras
semanas de vida (Krehbiel e Zhang, 2016). Sendo assim, minimizar o impacto dos
desafios de doencas no inicio da vida do animal pode trazer consequéncias diretas sobre
0 ganho de peso, conversdo alimentar e probabilidade de disseminacdo de doencas. A
inclusdo de p-glucanas associadas com antibidticos no tratamento de bezerros
diagnosticados com diarreia infecciosa, contribuiram com diminuicdo na taxa de
mortalidade, levando a uma reducdo de vinte pontos percentuais na mortalidade de
bezerros diagnosticados com crypitosporidium spp (Lopez-Valencia et al., 2017).

Esse resultado positivo pode estar correlacionado com a longa permanéncia das
B-glucanas no organismo de mamiferos, que por ndo apresentarem as [-glucanases
(responsaveis pela metabolizacdo desses polimeros) se acumulam por mais tempo no
sistema, contribuindo para maior eficiéncia na ativacdo da resposta imune do hospedeiro.
A atividade biologica também esta correlacionada com o peso molecular das p-glucanas
que quando apresentam alto peso molecular ativam os leucocitos diretamente,
desencadeando a atividade citotoxica e a capacidade fagocitica, bem como a producéo de
mediadores pro-inflamatdérios (Brown; Gordon, 2003). Ademais, sdo encontrados outros
efeitos benéficos com utilizacdo das p-glucanas como anti-inflamatoério, antimutagénico,
hipocolesterolémico e hipoglicémico (Behall et al., 2006; Kim et al., 2006). Esses efeitos
sdo totalmente dependentes de algumas caracteristicas das B-glucanas como a estrutura
complexa, propriedades fisico-quimicas, e da habilidade que as células intestinas
apresentam para absorvé-las (Muckosova; Babicek ;Pospisil, 2001).

A administracdo de B-glucanas por via oral reforca as funcbes dos linfocitos
intraepiteliais presentes no intestino auxiliando na absorcdo (Tsukada et al.,2003).
Dependendo da via, dose e tempo de administracdo as p-glucanas podem estimular ou
suprimir a resposta imunolégica do hospedeiro (Tzianabos, 2000). A ingestdo continua
de B-glucanas pode reduzir o risco de doencas cronicas em animais. Kogan e Kocher
(2007) adicionaram esse biomodulador na dieta de suinos e observaram a influéncia no
estimulo do sistema imunoldgico, principalmente nas mucosas, areas que mais entramem

contato com os patdgenos.



Gosh and Mehla (2012) utilizaram a B-glucanas extraida de levedura como
suplemento em pré- ruminantes e obtiveram resultados satisfatorios no consumo de
matéria seca, eficiéncia alimentar e ganho de peso. Os estudos sobre a inclusdo de B-
glucanas na dieta liquida de bezerros apresentam beneficios na digestibilidade de
nutrientes e aumento no pH ruminal (Kim et al., 2011); no consumo medio diério e
redugdo no indice de diarreia de bezerros durante 56 dias de idade (Nargeskhani et al.,
2010). Porém, esses beneficios podem ser observados apenas quando 0s animais estdo em
situacdes de estresse (Frizzo et al., 2010; Krauze et al., 2010). Além disso, a inclusdo
desse suplemento no sucedaneo e sua influéncia no sistema imunoldgico e salde de
bezerras em aleitamento e desaleitamento ainda ndo sdo bem compreendidos (Foote et
al., 2007). Grande parte dos estudos utilizam B-glucanas extraida de leveduras, sendo
escassos 0s trabalhos com B-glucanas derivadas de algas. Visto que as B-glucanas
extraidas de alga tem maior potencial torna-se necessario explorar os efeitos dessa na

dieta de bezerras para minimizar os fatores que prejudicam o desempenho desses animais.
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3. SUPPLEMENTATION OF LYSOLECITHIN IN MILK REPLACER FOR
HOLSTEIN DAIRY CALVES: EFFECTS ON GROWTH PERFORMANCE,
HEALTH, AND METABOLITES!

ABSTRACT

Lysolecithin is an anti-inflammatory emulsifier associated with improved apparent
digestibility of total dietary fat and improved feed efficiency in dairy cattle. However, it
is unknown if lysolecithin improves performance in calves. Moreover, since many
conventional milk replacers use vegetable sourced fat (e.g. palm oil), nutrient absorption
and fecal score may be affected in neonatal calves. Thus, the objective of this study was
to evaluate the effects of lysolecithin (LYSO) supplemented in milk replacer on
performance, metabolites, and gut health of pre-weaned dairy calves. Holstein calves
(n=32) with passive transfer were assigned in pairs (16 blocks) balanced by birth weight,
date of birth and gender at 1 d of age to randomly receive either LYSO (mixed in two
milk replacer feedings at a rate of 4g/d Lysoforte®, Kemin Industries, Inc., USA), or a
milk replacer control (nothing added). Both treatments were fed 6 L/d milk replacer (22.5
% crude protein, 16.2% crude fat (vegetable oil fat source) on a DM basis at 14% solids)
by bucket in two daily feedings for 56 days. Calves were individually housed in wooden
hutches and offered a commercial calf starter (24.6% CP and 13.9% NDF) and water by
bucket ad libitum. Feed refusals and calf health was assessed daily. Weights, and blood
metabolites (glucose, total serum protein, albumin, creatinine, triglycerides, and
cholesterol) were sampled weekly, and calves completed the study prior to weaning at 56
d of age. The effect of lysolecithin on calf ADG, FE, and blood metabolites, were
evaluated using a linear mixed model with time as a repeated measure, calf as the subject,

and block as a random effect in SAS. The effect of lysolecithin to improve the odds of
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abnormal fecal score was evaluated using a logistic model. Supplementation of LYSO
increased average daily gain (control 0.28 £ 0.03 kg; LYSO 0.37 £ 0.03 kg; LSM + SEM)
and increased feed efficiency (gain-to-feed; control 0.25 £ 0.03; LYSO 0.32 £ 0.03).
Similarly, LYSO calves had a higher final body weight at d 56 (control 52.11 + 2.33 kg;
LYSO 56.73 + 2.33 kg). Interestingly, total DMI was not associated with LY SO despite
improved average daily gain (total DMI control 1088.7 + 27.62 g; total DMI LYSO
1124.8 + 27.62 g). Blood glucose, albumin, creatinine, triglycerides, and cholesterol were
not associated with lysolecithin. Indeed, only total serum protein had a significant
interaction with LY SO and age at weeks 5, and 6. Moreover, control calves had a 13.57
(95% CI: 9.25-19.90) times greater odds of having an abnormal fecal score on any given
day during the diarrhea risk period from d1 to 28. The inclusion of LYSO as an additive
in milk replacer in a dose of 4g/d may improve performance, and calf fecal score,
preweaning. Further research should investigate the mechanisms behind LYSO’s effects
on fat digestibility in calves fed 6 L/d of milk replacer with vegetable sourced fat.

Keywords: dairy calf, diarrhea, emulsifier, feed efficiency

4.1. INTRODUCTION

One significant challenge for neonatal calves is development of the lower
gastrointestinal tract (GIT; as reviewed by Khan et al., 2016). Neonatal calves lack
certain digestive enzymes; thus, nutrient digestion and lipid absorption are self-limiting
(as reviewed by Jones and Henrich, 2017). Lipid digestion in calves begins in the mouth
where salivary lipase hydrolyses milk fat; however, only 30% of total fat is hydrolyzed
before reaching the small intestine (as reviewed by Davis and Drackley, 1998). Once fat
reaches the small intestine, pancreatic lipases, lysolecithin, and bile salts form micelles
maximizing milk fat digestibility to approximately 97% (as reviewed by Thornsberry et

al., 2016). Despite low lipase activities in young calves, milk fat digestibility is high since



short-chain fatty acids (SCFA), are easily hydrolyzed by pregastric esterase, a plentiful
enzyme in the neonatal calf (Edwards-Webb, 1983). However, conventional milk replacer
formulations often use economical vegetable fat sources, which lack SCFA and are less
digestible for calves (Toullec and Guilloteau, 1989). Thus, research which improves feed
efficiency for calves fed conventional milk replacers are needed.

The primary purpose of including fat in a milk replacer is to serve as a concentrated
source of energy. While whole milk fat is highly digestible for calves, it is expensive to
feed (Hawkins et al., 2019). Thus, vegetable sourced fat such as palm oil and coconut oil
are often used as fat sources in milk replacers (Huuskonen et al., 2005). One limitation to
using vegetable fat sources in milk replacers is that the long chain fatty acids are poorly
digested, decreasing the nutritive value for the calf (as reviewed by Kertz et al., 2017).
Therefore, several studies have attempted to improve fat digestion in calves by adding fat
emulsifiers to milk replacers (as reviewed by Kertz et al., 2017). Indeed, research from
70 years ago evaluated the importance of emulsifier inclusion in milk replacer, mainly to
facilitate the dilution process when formulating milk replacers (as reviewed by Kertz et
al., 2017). Furthermore, a consequence of including emulsifiers in milk replacers was
improved health, and performance through increased digestion and absorption of fat by
calves (Kastelic et al., 1950; Huff et al., 1951). Today, many products do not contain
emulsifiers due to improvements in biotechnology for fat formulation. Consequently, the
issue with digestion of vegetable sourced fat in milk replacers for calves remains a
challenge.

Since dairy calves are fed high volumes of the liquid diet per meal, an emulsifier's
importance is more critical for fat metabolism and absorption. A key feature of fat
digestion in the GIT is micelle formation, which occurs after complex lipid digestion and

emulsification (McFadden, 2019). Bile salts act as emulsifiers, stabilizing an emulsion,
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and preventing dispersed phase globules from a fusion in the gastrointestinal tract (Siyal
etal., 2017). Indeed, synthetic emulsifiers (e.g. lysolecithin, lysophosphatidylcholine) are
derived from the hydrolysis phrase of lecithin and exert the same function (Zhang et al.,
2011). Similarly, lysolecithin is a potent emulsifier produced naturally in the small
intestine of ruminants, enhancing fatty acid digestion via hydrolysis in pancreatic juice
(Dawson, 1959). According to Zhang (2011), the ability of lysolecithin to emulsify lipids
is much greater than that of common phospholipids, explaining effects on lipid
metabolism. It appears that in the case of pre-ruminant calves, lysolecithin is an important
aid to emulsification, but the relative effect has still to be ascertained (Garton, 1969).
Therefore, more research is needed to investigate the effects of lysolecithin
supplementation on not only performance, but blood metabolites in calves.

Other roles of lysolecithin supplementation may be associated with improved GIT
function by providing a source of exogenous phospholipids. For example, research has
shown that lysolecithin supplementation to broilers resulted in improved GIT function,
including longer villus length and up-regulation of several genes associated with collagen,
the extracellular matrix, and integrin pathways (Brautigan et al. 2017), and others
observed similar effects in broilers more recently (Boontiam et al., 2019). This research
suggests that in broilers, lysolecithin improves GIT function, and this increased GIT
performance. Indeed, it is likely that improved GIT function is why research has shown
that lysolecithin supplementation improved gain-to-feedand performance in dairy cattle
(Rico et al., 2017), and lambs (Gallo et al., 2019). However, the literature is scarce in the
evaluation of emulsifiers to improve dairy calf performance and associated effects on
blood metabolites. Similarly, feeding vegetable sources in MR was associated with
deleterious degradation of the GIT microvilli in calves (Seegraber and Morrill, 1986).

Therefore, it is possible that lysolecithin supplementation may not only improve



performance, but potentially reduce a calf’s chance of abnormal feces.

This study aimed to evaluate the effect of lysolecithin supplementation on milk replacer,
and the associated effects on growth performance, selected blood metabolites (glucose,
total serum protein, albumin, creatinine, cholesterol, and triglycerides) and likelihood of
improved fecal status of pre-weaned dairy calves up to 56 days of life. We hypothesized
that the supplementation of lysolecithin in a milk replacer with vegetable sourced fat
might improve calf performance and fecal score through increased gain-to-feedand less

days spent with an abnormal fecal score.

4.2 MATERIALS AND METHODS
The Animal Research Ethics Committee of the Luiz de Queiroz College of

Agriculture/University of Sdo Paulo approved all procedures involving animals in this

study (protocol n° 2019-11).

4.2.1 Experimental Design and Treatments

This study was conducted at the Experimental Calf Facility of the Animal Science
Department at “Luiz de Queiroz” College of Agriculture, University of Sao Paulo,
Piracicaba. The average temperature during the study period was 22.3°C (max. of 29.4
°C and min. of 16.2°C); the relative humidity was 72.5%, and the average rainfall was
80.5 mm/mo.

Thirty-two newborn Holstein male and female calves (BW = 35.76 + 1.5 kg; Mean
+ SD) were separated from their dams at birth, transferred to the experimental facility,
weighed and fed a high-quality colostrum (> 22 % Brix) by bottle within the first 6 h of
life, a volume corresponding to 10% of birth weight (Godden et al., 2009). A blood
sample was collected from the jugular vein, 48h after colostrum feeding, to ensure passive

transfer through evaluation of total serum protein (TSP). All calves had passive transfer
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using a threshold of 5.2 g/dL (Deelen et al., 2014) and TSP averaged 6.17 + 0.20 g/dL.
The calves were blocked in pairs by date of birth, birth BW, and gender, resulting in 16
blocks, and were randomly assigned to receive either: Lysolecithin (LYSO; mixed in the
two milk replacer feedings at a rate of 4g/d Lysoforte®, Kemin Industries, Inc., USA), or
a milk replacer control (nothing added).

4.2.2 Management and Feeding
All calves were housed in individual wood shelters (1.35m in height, 1m in width,

and 1.45 m in depth) with buckets for feed and water, and wood shelters were distributed
in a trimmed grassy field. The animals were bucket-fed with 6 L of a commercial MR
(Sprayfo Azul, 14% solids, 22.46% CP, 16.20% fat, Sloten do Brazil Ltd., Santos, SP,
Brazil), split into two meals (0700 h and 1700 h). The MR fed did not contain emulsifiers
in its formulation, and the fat was composed of palm oil (67%) and coconut oil (33%). A
precision scale was used to weigh the amount of LYSO per feeding. Every day, 4 g of
LYSO (2 g/meal) was added and sufficiently mixed to the diluted MR (3 L/meal) just
before feeding. Water and a commercial calf starter (24.6% CP and 13.9% NDF; Racéo
Bezerra AgMilk Agroceres Multimix Nutricdo Animal Ltda., Rio Claro, SP, Brazil) were
available for ad libitum intake throughout the 56-d study. The starter was offered every
morning, just after milk feeding, and was available until the following morning, when
orts were weighted for daily intake calculations. Feed efficiency was calculated as gain
to feed ratio. Calves were enrolled on this study for the preweaning period, d 1 to d 56,
prior to weaning. Calves were gradually weaned after the trial ended.

4.2.3Feed Analysis

Samples of MR and starter were collected weekly for analysis. DM was measured
by drying at 100°C in a forced-air oven for 24 h, and ash by furnace incineration at 550 °
C for 4 hours (AOAC International, 2002; method 942.05). Ether extract (EE) was

determined using petroleum ether (AOAC International, 2002; method 920.39), with
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acidification with glacial acetic acid for the MR samples. Crude protein was analyzed
according to the Dumas method (Wiles et al., 1998), with an N analyzer (FP-528; LECO,
St. Joseph, MI, USA). Determination of free-ash NDF was done according to Van Soest
et al. (1991) and ADF, according to Goering and Van Soest (1970), using sodium sulfite
and thermostable amylase. The NFC of the starter and MR were estimated according to
the following equation: NFC (%) = 100% - (% NDF + % CP + % fat + % ash), according
to Mertens (1997). Dry matter of MR was used for total DMI and to calculate gain to feed
ratio (Table 1).

Table 1. Chemical composition of calf starter and milk replacer fed to calves
throughout the 56d trial.

Item Calf starter! Milk replacer 2
DM % 89.3 96.1
Ash, % DM 9.6 8.8

CP, % DM 24.7 22.4

EE, % DM 5.2 16.20
NDF, % DM 13.89 0.06
ADF, % DM 5.5 -

NFC, % DM 46.6 52.2

1 Commercial calf starter (Racéo Bezerra AgMilk Agroceres Multimix Nutricdo Animall
Ltda., Rio Claro, SP, Brazil).
2Milk replacer (Sprayfo Azul, Sloten do Brazil Ltd., Santos, SP, Brazil) was fed to both

treatments diluted to 14.5% of solids.

4.2.4 Measurements and Blood Sampling

Animals were weighed once weekly before the morning liquid diet feeding, on a
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mechanical scale (ICS-300; Coimma Ltd., Dracena, SP, Brazil) until the final weight after
weaning at 56 d of age. Body measures were collected every other week and included
hearth girth (Bovitec, Sao Paulo, SP, Brazil), wither height, and hip-width (Carci, Sao
Paulo, SP, Brazil).

Health exams and interventions were performed daily on all calves by the same
veterinarian to assess for Bovine Respiratory Disease, diarrhea, and navel ill according to
the UW Calf Health Scoring App. In brief, the following symptoms (e.g. 0 normal to 3
abnormal) were collected daily on each calf: presence of abnormal nasal discharge,
coughing, ear tilt, eye discharge, a rectal temperature recorded by a digital thermometer
(TS-101 Colors Techline digital, Techline Sao Paulo, SP, Brazil), and navel status,
(McGuirk and Peek, 2014). Fecal consistency was scored on a scale of 0 to 3, where fecal
score of 0 = normal consistency, 1 = semiformed or pasty, 2 = loose feces, and 3 = watery
feces. A fecal score > 2 was considered a diarrhea bout when it occurred for more than 2
consecutive days. Oral rehydration solution (2 L/d of warm water with 50 g of dextrose,
20 g of sodium bicarbonate, and 10 g of sodium chloride) was offered between milk
feedings, for every calf that presented diarrhea until the fecal consistency was < 1.
Antibiotic therapy was administered only when the animal showed fever or/and
depression symptoms, such recumbence and decreased or refused milk intake.

Blood samples were collected weekly, 2 h after the morning milk feeding
via jugular vein puncture with evacuated tubes (Vacutainer, Becton Dickinson, Franklin
Lakes, NJ). The samples were collected in three different tubes containing either sodium
fluoride as an anti-glycolytic and potassium EDTA as an anticoagulant to obtain plasma;
K3 EDTA to obtain plasma; or a clot activator to obtain serum. An aliquot of blood from
the K3 EDTA tube was used for capillary hematocrit using a microhematocrit centrifuge

(Model SPIN 1000, MICROSPIN). The remaining samples were centrifuged at 2,000 x g



for 20 minutes at 4 ° C to obtain plasma or serum. The determination of selected blood
metabolites was performed on an Automatic Biochemistry System - Model SBA - 200
(CELM, Barueri, SP, Brazil) using commercial kits (LABTEST Diagnostica S.A., Lagoa
Santa, MG, Brazil). The selected metabolites were chosen to understand the effects of
LYSO in the intermediate metabolism of fat [cholesterol (Ref. 76) and triglycerides (Ref.
87)]; protein [albumin (Ref. 19), creatinine (Ref. 35), TSP (Ref. 99)] and carbohydrates

[glucose (Ref. 85)].

4.2.5 Statistical Analysis
Sample size calculations were performed using R software and the power package

(R Studio). This study was powered for sample size based on the most limiting factor, if
LY SO reduced the odds of a diarrhea bout in calves. A power analysis was conducted for
health outcome measures (diarrhea). This power analysis showed that a total of 28 calves
(n =14 per treatment) was required at 80% power to detect an expected difference of 50%
in diarrhea incidence between the treatment and control group. We powered this study at
half-widths of 0.05, and an expected herd incidence of diarrhea at 80%. This incidence
and targeted difference were selected based on the potential that this MR with vegetable
fat sources increased fecal fluidity in calves (De Paula et al., 2017). The exploration of
use of emulsifiers to reduce diarrhea in calves is quite limited in the literature. Thus, a
total of 14 calves per treatment were required to detect a difference, but 16 calves were
enrolled per treatment in case of a loss-to-follow up.

All other statistical procedures were processed in SAS (version 9.4, SAS Institute
Inc., Cary, NC). Normality distribution was assessed by the Shapiro-Wilk test, and
homogeneity of the variances using the Levene test. Performance, health, and blood
metabolites were analyzed as time-repeated measures. The analysis was performed as

repeated measures over time (weeks of age), using the MIXED procedure of SAS
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statistical package), according to the following model:

Yijk=p + Ti+ Bj + eij + Wk + (TW)ik + Eijk

Where, Yijk = response variable; p = general average; Ti = fixed effect of treatment
(control or LYSO); Bj = random block effect; eij = residual error A; Wk = fixed age effect
(days of life); (TW)ik = fixed effect of the diet x age interaction; Eijk =residual error B.
The covariance matrices “compound symmetry, heterogeneous compound symmetry,
autoregressive, autoregressive heterogeneous, unstructured, banded, ante-dependence,
variance components, toeplitz, and heterogeneous toeplitz” were tested and defined
according to the lowest value obtained for "Akaike's Information Criterion Corrected”
(AICC) and calf was the subject. For all the response variables, the means were obtained
through the LSMEANS command. The effect of treatments was performed by test F in
the analysis of variance. Significance was declared when P < 0.05 and a tendency when
0.05<P<0.07.

Since the diarrhea risk period in calves is the first 28 days of life, the effect of LYSO
on a diarrhea bout during the first 28 days was first explored using a general linear model
(Proc Glimmix), with the solution option to estimate the random effect of block nested
by calf as the subject. However, since the random effect was not significant in the model,
a logistic model was chosen. The effect of LYSO on the odds of having a diarrhea bout
during the first 28 days on the study was calculated with logistic modeling (Proc Logistic),
with age and the treatment interaction explored as fixed effects. Similarly, the effect of
LY SO on the odds of having an abnormal fecal score > 2 on any given day from day 1 to

28 was also evaluated.

4.3. RESULTS

All performance parameters were affected by age (P <0.02), although there was no

significant effect of the interaction treatment x age (P <0.05; Table 2). In brief, LYSO



increased average daily gain (control 0.28 + 0.03 kg; LYSO 0.37 £ 0.03 kg; P <0.04;
LSM £ SEM). Moreover, LYSO increased feed efficiency (control 0.25 = 0.03; LYSO
0.32 £ 0.03; P <0.02). Similarly, LYSO calves weighed more at final weight at 56 d
(control 52.11 + 2.33 kg; LYSO 56.73 + 2.33 kg; P <0.05; Table 2; Figure 1). Despite
better ADG in LYSO calves, LYSO was not associated with EE intake, and starter DMI
(P <0.05; Table 2). Similarly, total DMI for the duration of the study was also not

associated with lysolecithin (control 1088.70 + 27.62; LYSO 1124.80 + 27.62; P >0.10).
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Table 2. Feed intake and performance of calves supplemented or not with LYSO

on milk replacer.

Treatment P value 2

Item Control  LYSO! SEM T A TXA
Total DMI, g/d 1088.7 1124.8 27.62 0.35 <0.01 0.20
Total EE intake®, g/d 149.0 149.6 1.65  0.79 <0.01 0.58
Starter DMI, g/d 249.9 284.7 28.07 0.37 <0.01 0.20
ADG, kg 0.28 0.37 0.03 0.04 <0.01 0.45
Feed Efficiency 0.25 0.32 0.03 0.02 0.02 0.58
Initial BW, 0 d 35.5 36.0 1.49 0.67 - -
Final BW, 56 d 52.1 56.7 2.33 0.05 - -
Body measures, cm

Withers height 80.8 81.0 0.83 0.82 <0.01 0.49
Heart girth 80.6 81.2 0.99 0.47 <0.01 0.89
Hip-width 20.6 21.2 0.38 0.11 <0.01 0.48

LLYSO = 4q of lysolecithin fed with 6L of the milk replacer.
2T= treatment effect; A= age effect; T x A= interaction treatment x age effect.

¥ MR fat intake = 136.08 g/d for both treatments, since MR volume fed was fixed and

there were no refusals.
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Figure 1. Body weight (A) and gain-to-feed(B) of calves supplemented with or without
LYSO on milk replacer (4g of lysolecithin fed with 6L of the MR), according to weeks

of age. *Denotes difference with P<0.05.
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For disease, one LY SO calf died due to pneumonia at 12 d of age. Therefore 15/16
LY SO and 16/16 control calves had health outcomes assessed. In total, 47% (7/16) LYSO
had a bout of diarrhea while 100% (16/16) control calves had at least one bout of diarrhea.
There were 10 calves requiring antibiotic intervention for diarrhea (control 6 and LYSO
4). There were no other health outcomes (navel ill, Bovine Respiratory Disease) observed.
Age, and the treatment interaction were not associated with odds of a diarrhea bout and
were not included in the model (P >0.10). However, control calves had 15.34 times
greater odds of having a diarrhea bout compared to LYSO calves (95% CI: 10.26-22.94;
P <0.0001). Similarly, control calves had a 13.57 (95% CI: 9.25-19.90; P < 0.001) times
greater odds of having an abnormal fecal score > 2 on any given day during the diarrhea
risk period from d1 to 28.

Supplementation of LYSO had no effect on the following blood parameters:
glucose, albumin, creatinine, cholesterol, and triglycerides (Table 3; P > 0.10). However,
there was a significant interaction of LYSO and age for TSP, with LY SO calves having

higher TSP concentrations at weeks 5 and 6 (Figure 2; P <0.04).



Table 3. Blood parameters of calves supplemented or not with LYSO on milk

replacer
Treatment P value?

ftem Control  LYSO! SEM T A TxA
Glucose, mg/dL 85.78 86.40 2.70 0.86 0.81 0.23
Total Serum Protein, g/dL 5.43 5.57 0.12 025 <0.01 0.04
Albumin, g/dL 2.94 3.00 0.03 0.15 0.36 0.06
Creatinine, mg/dL 1.31 1.34 0.05 055 <0.01 0.77
Cholesterol, mg/dL 86.71 88.83 4.34 0.70 0.27 0.21
Triglycerides, mg/dL 29.84 30.92 2.44 0.73 0.28 0.99

LLYSO = 4q of lysolecithin fed with 6L of the milk replacer.
2T= treatment effect; A= age effect; T x A= interaction treatment x age.

4.00 -

Total serum protein g/L

1 2 3 4 5
Weeks of age

«—g—Contro| :-e--LYSO

Figure 2. Total serum protein concentration of calves supplemented with or without

LYSO on milk replacer (4g of lysolecithin fed with 6L of the MR), according to weeks

of age. *Denotes difference with P<0.04.
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4.4. DISCUSSION
In the current study, total DMI, EE, and starter intake were unaffected by LYSO

supplementation, despite improved ADG and better final weights than control calves.
While there is outdated literature on feeding emulsifiers to calves (Kastelic et al., 1950;
Huff et al., 1951), our results agree with the calf literature that ADG and health outcomes
are improved without affecting feed intake. More recent literature in other species also
agrees with our results, LYSO improved growth without affecting DMI in piglets (Sun
and Kim, 2019), and broilers (Roy et al., 2010). Research has also shown that lysolecithin
added to the diets of dairy cattle did not affect DMI despite changing fatty acid profiles
in the milk produced (Rico et al., 2017). Indeed, more recently, research has shown that
abomasal infusion of an emulsifier improved fatty acid digestion, and increased milk fat
production in dairy cattle (de Souza et al., 2020). Thus, this research agrees with our
study and suggests that lecithin potentially improves fat digestion without compromising
or increasing feed intake.

It is likely we observed similar EE intakes because a fixed amount of MR was
offered to calves throughout the study and milk refusals did not occur. It can be
hypothesized that LYSO calves grew better because the LYSO was added to a MR with
vegetable sourced (palm and coconut) fat. For example, lysolecithin may have played a
role in emulsification and hydrolysis of fat for better digestion. However, palm and
coconut oil sources have reportedly high digestibility in calves (reported range: 92-96%,
Toullec et al., 1980). Alternatively, since starter intake increased with age, the fatty acid
profile reaching the small intestine may have also changed. However, since ADG was
affected over the course of the study, it is most likely that adding an emulsifier to MR

comprised of medium chain fatty acid fats likely improves FE and digestion by neonatal



calves. Years ago, research suggested that adding emulsifying agents to MR which used
vegetable sourced fats improved calf performance and fecal health (Kastelic et al. 1950
and Huff et al. 1951). However, limitations to these studies were the inability to use
statistical modeling for repeated measures, and the lack of controlling for variation in the
environment (not balancing by birth weight, gender, and age at enrollment). Thus, since
then, few studies have investigated the inclusion of emulsifiers in the calf diet. This is
despite evidence that multiple commercial MR vary in fat content and sources, and some
MRs utilize emulsifiers while others do not (as reviewed by Thornsberry et al., 2016).
For example, in broilers, research has shown that the addition of lecithin to the diet
improved the total tract digestibility of palmitic, oleic, and linoleic acids during the
grower period (Zhang et al., 2011). These FA make up sources commonly used in
commercial MR composition (Davis and Drackley, 1998). However, unfortunately, we
did not measure fat digestibility changes as a function of LYSO supplementation, thus
we can only hypothesize this mechanism and concede this is the primary limitation of this
study.

Previous studies with exogenous emulsifiers used in non-ruminant diets revealed
that these products could increase ADG in piglets (Papadopoulos, 2014) and broilers
(Boontiam et al., 2019). Others have observed that feeding LY SO improved FE in broilers
(Zhang et al., 2011; Boontiam et al., 2019) and pigs (Akit et al., 2018). Similarly, research
has also shown that feeding LYSO led to a heavier final BW in weanling pigs (Xing et
al.,2004) and broilers (Boontiam et al., 2017). In the present study, LYSO increased
ADG, with no effect on DMI, resulting in higher feed efficiency. Besides improved
digestion and absorption of vegetable FA, these findings may be related to the fact that
several lysophospholipids, present in lysolecithin, induced physiological responses in the

intestine to enhance nutrient absorption as was observed in broilers (Brautigan et al.,
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2017). Indeed, broilers fed LYSO had different GIT gene expression, including
upregulating genes associated with collagen production, the extracellular matrix, integrin
pathways, and improved intestine traits, suggesting a nutrigenomic effect of this
compound (Brautigan et al., 2017). Therefore, we suggest that effects of LYSO on calf
intestinal gene regulation and morphology should be investigated in future research.

It could be hypothesized that LYSO improved calf FE because of meal size.
However, our MR on a DM basis contained 16.2% fat, which is much lower than whole
milk at 30% fat. Thus, our calves consumed 65 g of fat in 3 L. This is much lower fat per
meal than a calf allowed dam access, who would consume around 12 L/d in several
suckling meals, consuming around 100-125 g per meal (Khan et al., 2011). Indeed, it is
much more likely that simply MR fatty acid composition differs from whole milk, and
emulsification may be more important when vegetable sources of fat are fed (Raven and
Robinson, 1964). Recent research has shown that feeding high-fat content MR, at the
expense of lactose, can improve performance in intensively fed calves (Berends et al.,
2020). However, one limitation to Berends et al., (2020) was the lack of description on
which emulsifiers were used in the milk replacer. According to Boerman et al. (2015), for
adult ruminants, FA digestibility is inversely correlated to intake and flow of FA, with
FA profile being also a critical factor. Thus, because calves still have an immature enzyme
system and since MR often contains vegetable oils, the recommended inclusion levels of
emulsifiers in MR warrants further investigation.

One reason we believe FE was improved in calves is that the emulsification process
improves fat stability, triggering hydrolysis of triglycerides affected by amphiphilic
molecules present in the interphase such as bile salts, phospholipids, and
lysophospholipids (Golding and Wooster, 2010). Furthermore, the ability to form smaller

micelles in the guts of animals and produce larger surface areas can increment bile salt



micelle sizes, and consequently increase incorporation of FA (Boontiam et al., 2017).
These emulsifier mechanisms could help alleviate the difficulties of FA digestibility and
absorption imposed by the digestive system of pre-ruminants (Toullec and Guilloteau,
1989). According to Huerou-Luron et al. (1992) the lipase activity in the calf digestive
system is low at birth and increases with age, improving performance. In our view, this
improved growth performance could be related to enhanced digestibility of fat and other
nutrients, which is consistent with previously cited research in broilers (Zhang et al.,
2011; Papadoulos et al., 2018). Although LYSO improved growth performance, body
measures were unaffected by supplementation, even though these measures are directly
correlated with calf weight and development (Heinrichs et al., 2007). It is possible that
we did not observe differences in heart girth, height, or hip circumference because LYSO
is associated with improving fat digestion. Indeed, skeletal growth in calves is typically
associated with accelerated protein diets (Davis Rincker et al., 2011). Thus, it is possible
LYSO does not affect skeletal growth in calves.

While body measures were not affected, calf fecal health was improved. Indeed, we
observed that LY SO ameliorated the odds of a diarrhea bout. We may speculate that since
calves had diarrhea with a fever, diarrhea may have been pathogenic. However, others
have observed that feeding MR with vegetable sourced fat may increase fecal fluidity in
calves, independent of a pathogen (De Paula et al., 2017). Thus, while our calves likely
experienced pathogenic diarrhea, LYSO calves likely had a faster emulsification process,
and thus, absorption rate of fat, which was sufficiently increased to decrease diarrhea
(Field, 2003). However, considering that the fed MR had a lower fat content than
conventional cow’s milk, lower diarrhea odds may be more related to the anti-
inflammatory effects of phospholipids that make-up LYSO (Treed et al., 2007) and

potentially improvements in villus health that were observed in broilers (Brautigan et al.
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(2017). Thus, we suggest future research is needed to determine if LYSO may potentially
lower GIT inflammation in diarrheic calves, and potentially enhance fat digestion which
decreases the fat load for diarrheic associated lower GIT dysfunction.

The use of feed additives is a strategy to improve growth performance. Besides
providing essential nutrients and optimizing feed utilization (Pandey et al., 2019), many
additives could influence the intestinal microbiota balance for better digestion efficiency
and animal health. Previous studies showed that lysophospholipids supplementation
could influence changes in jejunal morphology, absorptive capacity, defensive
mechanism, and substantial effects on performance and immunity in broilers (Boontiam
et al., 2016) and laying hens (Witchanun et al., 2019). Numerous studies indicated that
phospholipids have an essential role in the immunological process (as reviewed by
Hartmann et al., 2009). Indeed, it was observed that phospholipids have destabilized the
ionic balance of bacteria in the lower Sl in piglets (Silva Janior et al., 2009). This action
mechanism matters to calves since they are susceptible to the proliferation of pathogenic
microorganisms in gut microbiota. However, this needs further investigation since calf
diarrhea is a multi-factorial disease and can be attributed to multiple enteric pathogens
such as bacteria, viruses, and protozoa.

Blood parameters in our study (e.g. glucose, albumin, creatinine, cholesterol,
triglycerides) were within the normal range for dairy calves during the preweaning phase
(Pogliani and Birgel Junior, 2007). Total serum protein concentrations were affected by
treatment at 5 and 6 weeks, indicating that protein metabolism and liver function were
affected by supplementation. These results were expected since phospholipids have been
observed to improve liver functions in laying hens (Attia et al., 2008). Like our results,
Zangeneh et al. (2018) found that supplementation of lysolecithin to broilers decreased

TSP with time. However, others have reported no significant effect of lysolecithin



supplementation on the TSP concentration in broilers (Roy et al., 2010; Raju et al., 2017).
Lysophospholipids can change protein channel formation in the membranes of the lower
GIT, increasing ion exchange (Maingret et al., 2000). This mechanism enhances the size
and the number of membranous pores improving the flux rate of macromolecules across
the cell membrane (Lundbak et al., 2010), which influences nutrient transport. Thus, it is
possible that LYSO offered to our calves changed TSP due to an increased nutrient
efficiency, which was also explained by increased feed efficiency.

Lysolecithin supplementation also did not affect creatinine levels, and
concentrations were in a safe range (Hammon et al., 2002), suggesting normal renal and
liver functions in these calves. Similar results were found by Lee et al. (2008), who
compared calves fed milk replacers containing different amounts of energy and protein.
Similarly, no treatment effects were observed for cholesterol and triglycerides on our
study and agrees with findings in broilers (Raju et al. 2017; Zangeneh et al. 2018).
However, serum triglycerides and cholesterol levels in neonatal calves are influenced by
fat absorption and usually increase in preweaned calves fed higher fat diets (Egli and
Blum, 1998). Thus, an increase in those concentrations was expected and it is unknown
why changes were not observed in our calves. Future research should investigate the
mechanisms behind LY SO added to MR and its effect on fat digestibility in calves.

In summary, LYSO improved calf ADG, and final weights without negating total
dry matter intake. Based on the literature in broilers, piglets, lambs, and lactating dairy
cattle, it is likely that LY SO emulsifies fat and provides a source of lysophospholipids to
enhance fat digestion in the calf. Future research should investigate these effects of LYSO
on calf fat digestibility. Similarly, we observed LYSO to ameliorate odds of abnormal
fecal scores during the first 28 days of life. We hypothesize this mechanism is

multifactorial by reducing inflammation in the lower GIT and improving fat digestion for
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better lower GIT function. Moreover, LYSO can be supplemented to calves without
negating liver, Kidney, or blood glucose function. Supplementation of LYSO may
improve calf performance, fecal health, and TSP status without negating total dry matter
intake or kidney and liver function for calves offered 6 L/d milk replacer using vegetable

soured fats.

4.5. CONCLUSION
Supplementation of LYSO at 4 g/d in milk replacer with vegetable fat sources

improved gain-to-feed of dairy calves. Lysolecithin improves average daily gain, without
negating feed intake, resulting in a higher body weight at weaning. It is likely that calves
receiving LYSO had improved fat digestion and absorption than control calves.
Lysolecithin may also ameliorate a calf’s likelihood of diarrhea, which benefits health
and performance. Future research is necessary to explore LY SO supplementation's effects
on fat digestibility in dairy calves.
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9. An evaluation of the effects of f-glucans on performance and metabolic profile

dynamics in Holstein dairy calves

ABSTRACT

B-Glucans are sugars extracted from the cell walls of bacteria, fungi, yeasts, algae,
lichens, and plants, such as oats and barley used to improve immunity and animal
performance. The objective of this study was to evaluate whether supplementation of 2
g/d B -glucans, or a negative control (nothing added), divided into two feedings of 6 L/d
conventional (vegetable fat) milk replacer was associated with performance, metabolic
profile dynamics and immune responsiveness in dairy calves. Neonatal Holstein calves
(n=34) at birth, weighing 36.38 £ 1.33 kg; mean £ SD) were blocked in pairs (17 blocks)
by date of birth, birth BW, and gender. Calf pairs were randomly assigned to receive
either: B -glucans mixed in the two milk replacer feedings at a rate of 2g/d (Aletas, Kemin
Industries, Inc., USA), or a milk replacer control, (nothing added). All calves received
colostrum no later than 6 hours after birth. Calves were housed individually in wood
hutches, received 6L of milk replacer and grain was fed ad libitum until 56 d of age. Body
weights were measured weekly, and fecal consistency was scored daily. A linear mixed
model evaluated the effects of B-glucans on performance (average daily gain (ADG), final
weight, feed efficiency (FE), immune status (white blood cell count), and blood
metabolites (glucose, albumin, creatinine and total serum protein), repeated by time, with
calf as the subject and pair as a random effect. A logistic model evaluated the odds of
improving a calf’s fecal score with B-glucans supplementation, controlling for block, 1D
and gender as fixed effects. While there was no association of B -glucans with starter

intake (P > 0.06), there was a treatment by age interaction for FE (P = 0.04). Indeed, FE



(P =0.04) and ADG (P =0.06) tended to be greater for B-glucans calves in the third and
fifth week of age. Moreover, final weights were higher for B-glucans calves (B-glucans
56.3 £2.17 kg; control 51.5 + 2.17 kg; LSM = SEM; P = 0.05). Moreover, control calves
were more likely to have a diarrhea bout than B-glucans calves OR 22.46 (95% ClI: 15.14-
33.32; P <0.0001). There were no blood metabolite differences, or association with -
glucans on the serum concentrations of total protein, aloumin, creatinine and glucose (P
>0.06) during the preweaning phase. Similarly, immune parameters such as white blood
cell count were similar between treatments (P > 0.06). Our findings suggest that dietary
supplementation of B-glucans improved final BW through a tendency to improve FE and
ADG at three and five weeks of age and improved fecal status of calves offered 6 L/d
preweaning, without negating blood metabolites, or immune status. Future research
should explore B-glucans digestibility and immune responsiveness in calves.

Keywords: calf, diarrhea, immune, Euglena gracilis

9.1 INTRODUCTION

Diarrhea is one of the leading causes of mortality and morbidity in dairy calves
(Urie et al., 2018). Specifically, diarrhea is one of the most economically costly diseases
occurring during the first weeks of life of the dairy calf, with life long lasting effects
(Kaneene and Hurd, 1990). Moreover, diarrhea preweaning was associated with reduced
growth in calves (Winderyer et al., 2014), a lower likelihood of becoming pregnant as a
heifer (Zanton and Henrichs, 2005), and a higher risk of culling before completing the
first lactation (Besecker et al., 2008). Therefore, it is imperative to explore methods to
ameliorate disease risk in calves, specifically as judicious antibiotic use becomes more

scrutinized (FAO,2019).
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One possibility to ameliorate diarrhea bouts in calves is by feeding nutraceuticals,
which are nutritional interventions thought to have positive effects on physiological status
and health outcomes (Nasri et al., 2014). For example, B-glucans are immune modulators
(Hulbert and Moisa, 2016 and Broadway et al., 2015) which could potentially ameliorate
diarrhea bouts in calves by providing immune support. Specifically, B-glucans are
polysaccharides, which are glucose polymers commonly derived from pathogenic
bacteria and fungi (Akrameine et al., 2007). Most of the commercially available B-glucans
are derived from yeast, while there is limited research on algae-derived B-glucans in
calves. B-glucans can be sourced from Euglena gracilis, a unique alga which contains
more B-glucans bioavailable without extraction and highly digestible (Phillips et al.,
2019). Thus, B-glucans can be sourced from yeast products, but yeast contains less -
glucans and requires extraction because of its indigestible cell wall (Rahar et al., 2011).

B-glucans are perceived as a threat when ingested and have activated the immune
system in biomedical issues study (Kim et al., 2006). Specifically, research has shown
that feeding 3-glucans to beef and dairy cattle activated macrophages, a key component
of the innate immune system (Krehbiel and Zhang, 2016). This immunomodulatory effect
of B-glucans has been shown to reduce the proliferation of bacteria in rats (Liang et al.,
1998), reducing the risk of viral infections in swine (Jung et al., 2004), reducing the
parasite load of Plasmodium berghei in mices (Holbrook; Cook; Parker, 1981)
and pathogenic fungi in mices (Meira et al., 1996). Moreover, the supplementation of -
glucans to productive animals reduced the proliferation of bacteria, preventing
colonization and increasing energy intake (Angelakis et al., 2017), which may impact on
animals’ performance and metabolism.

Some studies showed that calves supplemented with $-glucans yeast at 0.075g/kg

presented an improved composition of the intestinal microflora, with decreased numbers



of pathogenic E. coli and increased numbers of commensal Lactobacillus (Zhou et al.,
2009). This mechanism may be important to young calves due to the unstable microbiota
during the first weeks of life which affects the digestion and absorption of nutrients (Celi
et al., 2016).

Similarly, mannanoligosaccharide B-glucans fed at 4g/d to calves increase daily
body weight gain, feed intake, and feed conversion efficiency at 21 days of age (Gosh
and Mehla, 2012). In a different study, 1g/d of yeast B-glucans fed to calves was
associated with improved gut development at 56 days of age including: increased villus
height-to-crypt depth ratio of the small intestine and enhanced the papilla length and
width of the ruminal epithelium (Xiao et al., 2016). This research suggests -glucans can
enhance gut development in calves. Kim et al. (2011) reported that calves supplemented
with B-glucans had increased rumen pH and nutrient digestibility. However, research is
limited on whether or not B-glucans can ameliorate diarrhea bouts in calves preweaning,
or improves the immune response in weaned calves.

Since gut health was improved in other studies, B-glucans may improve a calf’s
ability to respond to diarrhea, and stabilize a calf’s response to a stressful event. Since 3-
glucans modulate the host’s gut microbiota and immune system in dairy calves (Ma et al.,
2014), it may be beneficial for prevention of immune attenuation caused by various
stressors and strengthening of immune competence of neonatal calves. Thus, there is
evidence that probiotics such as B-glucans may modulate feeding behavior, showing
improved performance in livestock animals (Anadon et al., 2019).

This study aimed to evaluate the effects of milk replacer supplemented with alga
B-glucans on health, performance and blood metabolites of Holstein dairy calves. It was

hypothesized that alga B-glucans supplementation since the second day of life would
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strengthen the calf's immunocompetence assisting in health and performance

improvement.

9.2 MATERIALS AND METHODS

The Animal Research Ethics Committee of the Luiz de Queiroz College of
Agriculture/University of Sdo Paulo approved all procedures involving animals in this
study (protocol n® 2019-11).

9.2.1 Experimental Design and Treatments

This study was conducted from June 2018 to January 2019 at the Experimental
Calf Facility of the Animal Science Department at “Luiz de Queiroz” College of
Agriculture, University of Sao Paulo, Piracicaba. The average temperature during the
study period was 22.3°C (max. of 29.4 °C and min. of 16.2°C); the relative humidity was
72.5%, and the average rainfall was 80.5 mm/mo.
Thirty-four newborn (10 females and 24 males) Holstein dairy calves (BW = 36.38 + 1.3
kg; mean = SD) were separated from their dams at birth, transferred to the experimental
facility, weighed and fed a high-quality colostrum (> 22 % Brix) by bottle within the first
6 h of life, a volume corresponding to 10% of birth weight (Godden et al., 2009). A blood
sample was collected from the jugular vein, 48h after colostrum feeding, to ensure passive
transfer through evaluation of total serum protein (TSP). All calves had passive transfer
using a threshold of 5.2 g/dL (Deelen et al., 2014) and TSP averaged 6.30 = 0.20 g/dL.
The calves were blocked in pairs by date of birth, birth BW, and gender, resulting in 17
blocks, and were randomly assigned to receive either: alga B-glucans: (mixed in the two
milk replacer feedings at a rate of 2g/d Aletas, Kemin Industries, Inc., USA), or a milk

replacer control (nothing added).

9.2.2 Housing, Management and Feeding



All calves were housed in individual wood shelters (1.35m in height, 1m in width
and 1.45 m in depth) with buckets for feed and water, and wood shelters were distributed
in a trimmed grassy field. The animals were bucket-fed with 6 L of a commercial MR
(Sprayfo Azul, 14% solids, 22.46% CP, 16.20% fat, Sloten do Brazil Ltd., Santos, SP,
Brazil), split into two meals (0700 h and 1700 h).

A precision scale was used to weigh the amount of B-glucan per feeding. Every
day, 2 g of B-glucan (1 g/meal) was added and sufficiently mixed to the diluted MR (3
L/meal) just before feeding. Water and a commercial calf starter (24.6% CP and 13.9%
NDF; Ragdo Bezerra AgMilk Agroceres Multimix Nutricdo Animal Ltda., Rio Claro, SP,
Brazil) were available for ad libitum intake throughout the 56-d study. The starter was
offered every morning, just after milk feeding, and was available until the following
morning, when orts were weighted for daily intake calculations. Calves were enrolled in
this study for the preweaning period, d 1 to d 56, prior to weaning. Calves were gradually
weaned after the trial ended.

9.2.3Feed Analysis

Samples of MR and starter were collected weekly for analysis. DM was measured
by drying at 100°C in a forced-air oven for 24 h, and ash by furnace incineration at 550 °
C for 4 hours (AOAC International, 2002; method 942.05). Ether extract (EE) was
determined using petroleum ether (AOAC International, 2002; method 920.39), with
acidification with glacial acetic acid for the MR samples. Crude protein was analyzed
according to the Dumas method (Wiles et al., 1998), with an N analyzer (FP-528; LECO,
St. Joseph, MI, USA). Determination of free-ash NDF was done according to VVan Soest
et al. (1991) and ADF, according to Goering and Van Soest (1970), using sodium sulfite
and thermostable amylase. The NFC of the starter and MR were estimated according to

the following equation: NFC (%) = 100% - (% NDF + % CP + % fat + % ash), according
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to Mertens (1997). Dry matter of MR was used for total DMI and to calculate gain to feed

ratio (Table 1).

Table 1. Chemical composition of calf starter and milk replacer fed to calves

throughout the 56d trial.
Item Calf starter* Milk replacer 2
DM % 89.3 96.1
Ash, % DM 9.6 8.8
CP, % DM 24.7 22.4
EE, % DM 5.2 16.20
NDF, % DM 13.89 0.06
ADF, % DM 5.5 -
NFC, % DM 46.6 52.2

1 Commercial calf starter (Racdo Bezerra AgMilk Agroceres Multimix Nutricdo Animal
Ltda., Rio Claro, SP, Brazil).
2Milk replacer (Sprayfo Azul, Sloten do Brazil Ltd., Santos, SP, Brazil) was fed to both

treatments diluted to 14.5% of solids.

9.2.4 Body measurements

Animals were weighed once weekly before the morning liquid diet feeding, on a
mechanical scale (ICS-300; Coimma Ltd., Dracena, SP, Brazil) until the final weight after
weaning at 56 d of age. Body measures were collected every other week and included
hearth girth (Bovitec, Sao Paulo, SP, Brazil), wither height, and hip-width (Carci, Sao
Paulo, SP, Brazil).

9.2.5 Incidence of health disorders and treatments



Health exams and interventions were performed daily on all calves by the same
veterinarian to assess for Bovine Respiratory Disease, diarrhea, and navel ill according to
the UW Calf Health Scoring chart. In brief, the following symptoms (e.g. 0 normal to 3
abnormal) were collected daily on each calf: presence of abnormal nasal discharge,
coughing, ear tilt, eye discharge, a rectal temperature recorded by a digital thermometer
(TS-101 Colors Techline digital, Techline Sao Paulo, SP, Brazil), and navel status,
(McGuirk and Peek, 2014). Fecal consistency was scored on a scale of 0 to 3, where fecal
score of 0 = normal consistency, 1 = semiformed or pasty, 2 = loose feces, and 3 = watery
feces (McGuirk, 2008). A fecal score > 2 was considered a diarrhea bout when it occurred
for more than 2 consecutive days (McGuirk, 2008). Oral rehydration solution (2 L/d of
warm water with 50 g of dextrose, 20 g of sodium bicarbonate, and 10 g of sodium
chloride) was offered between milk feedings, for every calf that presented diarrhea until
the fecal consistency was < 1. Antibiotic therapy was administered only when the animal
showed fever or/and depression symptoms, such recumbence and decreased or refused
milk intake. A veterinarian made all the diagnoses and medicine interventions.
Medication (antibiotics, anti-inflammatory, and other products) was administered only
when the animal presented fever or/and symptoms of depression, such as decreased or
refused milk intake and recumbence. Medication used, dosage, and duration of treatments
were recorded for individual calves.

9.2.6 Blood sampling and analysis

Blood samples were collected weekly, 2 h after the morning milk feeding via jugular vein
puncture with evacuated tubes (Vacutainer, Becton Dickinson, Franklin Lakes, NJ). The
samples were collected in three different tubes containing either sodium fluoride as an
anti-glycolytic and potassium EDTA as an anticoagulant to obtain plasma; K3 EDTA to
obtain plasma; or a clot activator to obtain serum. An aliquot of blood from the K3 EDTA

tube was used for capillary hematocrit using a microhematocrit centrifuge (Model SPIN
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1000, MICROSPIN). Blood samples from K3 EDTA tube (0.02ml) were diluted with
4mL of Gower solution (12.5g sodium sulfate and 33.3 mL glacial acetic acid in 100mL
on distilled water) for white cells preservation. The dilution was pippeted into the
Neubauer chamber and observed under a microscope (400X, Bioval, PR, Brazil) for the
total count of erythrocytes in pL. For the leukocytes count, blood samples (0.02 mL) were
diluted with 0.4 mL of Turk solution (2mL of acetic acid, 1mL of gentian violet, 100 mL
distilled water) pipetted into the Neubauer chamber and observed under a microscope
(400X, Bioval, PR, Brazil). White blood cells samples were analyzed on week 2, 4, 8 to
determine total and differential erythrocytes, leukocytes, lymphocytes, monocytes count
and segmented neutrophil.

The remaining samples were centrifuged at 2,000 x g for 20 minutes at 4 ° C to obtain
plasma and serum. The determination of selected blood metabolites was performed on an
Automatic Biochemistry System - Model SBA - 200 (CELM, Barueri, SP, Brazil) using
commercial kits (LABTEST Diagnostica S.A., Lagoa Santa, MG, Brazil). The selected
metabolites, protein [albumin (Ref. 19), creatinine (Ref. 35), TSP (Ref. 99)],
carbohydrates [glucose (Ref. 85)], and urea (Ref. 104), were chosen to understand the
effects of B-glucan in the intermediate metabolism.

9.2.7Statistical Analysis

A power analysis (R Studio) was conducted for health outcome measures
(diarrhea). This power analysis showed that a total of 28 calves (n = 14 per treatment)
was required at 80% power to detect an expected difference of 50% in diarrhea incidence
between the treatment and control group. We powered this study at half-widths of 0.05,
and an expected herd incidence of diarrhea at 80%. We included an additional 3 calves

per treatment in case of loss to follow up. Thus, 17 calves per treatment were enrolled.



The experimental design used was a randomized block, considering birth date,
birth weight, and gender as blocking factors. All data were tested for normal distribution
by Shapiro-Wilk test and homogeneity of the variances using the Levene test.
Performance, health and blood metabolites were analyzed as time-repeated measures
using the MIXED procedure of SAS statistical package (version 9.4, SAS Institute Inc.,
Cary, NC) according to the following model:

Yijk= p + Ti+ Bj + eij + Wk + (TW)ik + Eijk,

Where, Yijk = response variable; p = general average; Ti = fixed effect of treatment
(control or B-glucans); Bj = random block effect; eij = residual error A; Wk = fixed age
effect (days of life); (TW)ik = fixed effect of the diet x age interaction; Eijk =residual

[3

error B. The covariance matrices “compound symmetry, heterogeneous compound
symmetry, autoregressive, autoregressive heterogeneous, unstructured, banded, ante-
dependence, variance components, toeplitz, and heterogeneous toeplitz” were tested and
defined according to the lowest value obtained for "Akaike's Information Criterion
Corrected" (AICC) and the subject of the repeated measures used was animal (treatment)..
For all the response variables, the means were obtained through the LSMEANS
command. The effect of treatments was performed by test F in the analysis of variance.
Significance was declared when P < 0.05 and a tendency when 0.05 < P < 0.08. For data
that were pooled to create a single measure, such as veterinary treatments/calf, PROC
MIXED of the statistical package SAS (version 9.4, SAS Institute Inc., Cary, NC) was
used according to the following model. The model included treatment as a fixed effect
and block as a random effect.

Yijk= p +Ti+Bj+Ejj,

Where Yijk = response variable; p = general average; Ti = fixed effect of treatment

(control or B-glucans); Bj = random block effect; and Eij = residual error.
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The effect of B-glucans to ameliorate a diarrhea bout for the first 28 d was
calculated with a logistic model (Proc Logistic) with gender, and block as fixed effects.
Age was explored in the model, but not significant and removed. The effect of 3-glucans
on odds of reducing the duration of days spent with an abnormal fecal score was

calculated with a logistic model (Proc Logistic) with gender, and block as fixed effects.

9.3 RESULTS
All performance parameters were affected by age (P <0.06; Table 2), although only feed

efficiency was affected by treatment and age interaction (control 0.24 + 0.03; B-glucans
0.29 + 0.03; P=0.04; Table 2; Figure 1), with higher FE for B-glucans supplemented
animals only in the third and fifth week of age. We also found a tendency by treatment
and age (P= 0.06; Table 2) for average daily gain in the third and fifth week of age.
Despite better FE in B-glucans calves, supplementation was not associated with starter
DMI (P <0.06; Table 2). Moreover, B-glucans calves weighed more at fifth, seventh and
eighth (final) week (Table 2; Figure 2) as well as increased the final hip width (P= 0.05;

Table 2).

Table 2. Feed intake and performance of calves supplemented or not with -
glucans on milk replacer.

Treatment P value -

Item

Control  B-glucans! SEM T A TxA
Total DMI, g/d 1090.9 1144.8 30.84 0.22 <0.001 0.61
Starter DMI, g/d 251.8 3111 31.11 0.17 <0.01 0.40
ADG, kg 0.276 0.328 0.04 010 <0.01 0.06
Feed Efficiency 0.24 0.29 0.03 0.08 0.05 0.04
Initial BW, 0 d 36.2 36.6 1.33 0.52 - -
Final BW, 56 d 51.5 56.3 217 0.05 - -

Body measures, cm



Birth withers height 78.00 77.11 1.04 0.37 - -
Final withers height, 8 weeks 83.95 85.20 141 0.49 - -

Average withers height 81.2 80.8 1.00 062 <0.01 0.55
Birth heart girth 76.68 76.20 1.01 0.70 - -
Final heart girth, 8 weeks 86.36 87.30 1.46 0.64 - -
Average heart girth 81.0 81.2 1.01 081 <0.01 0.42
Birth hip-width 19.51 18.99 0.46 0.28 - -
Final hip-width, 8 weeks 22.15 23.60 0.57 0.05 - -
Average hip-width 20.6 21.0 038 033 <001 0.32

! B-glucans = 2g of B-glucans fed with 6L of the milk replacer.
2 T= treatment effect; A= age effect; T x A= interaction treatment x age effect.

0.700
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0.500 t
0.400 r
0.300
0.200 r

Feed efficiency

0.100 r

0.000

Weeks

Control === [}-glucans

Figure 1. Feed efficiency of calves supplemented with or without 3-glucans on milk
replacer (2g of B-glucans fed with 6L of the MR), according to weeks of age. *Denotes

difference with P<0.06.
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Figure 2. Body weight of calves supplemented with or without B-glucans on milk
replacer (2g of B-glucans fed with 6L of the MR), according to weeks of age. *Denotes

difference with P<0.06.

For diarrhea, control calves were more likely to have a diarrhea bout than -
glucans calves OR 22.46 (95% CI: 15.14-33.32; P <0.0001). Moreover, the days spent
with an abnormal fecal score (diarrhea) was more likely for control calves compared to
B-glucans OR 12.68 (95% CI: 8.84-18.19; P <0.0001).

Supplementation of B-glucans had no effect on the following blood parameters:
glucose, albumin, creatinine and total serum protein (Table 3; P > 0.06) during the
preweaned phase. Although all blood parameters were affected by age (P <0.02).
No differences were observed in the number of erythrocytes (control 7.1 x10°%+ 0.27; B-
glucans 6.9x10%+ 0.27), leukocytes (control 7.4 x10% + 0.37; B-glucans 6.3 x103 £+ 0.37),

lymphocytes (control 42.52 x103 + 2.65; B-glucans 44.73 x10% = 2.65), segmented



neutrophil (control 44.84 x103 + 3.0; B-glucans 44.58 x103+ 3.0; Table 3 and monocytes
(control 11.99 x10% + 0.97; B-glucans 10.52 x103% + 0.97; Table 3) in both treatments
during the preweaned period. However, the number of erythrocytes, leukocytes,
lymphocytes and segmented neutrophil counts were affected by age (P > 0.01; Table 3).

Table 3. Blood parameters of calves supplemented or not with B-glucans during the
preweaning phase.

Treatment P value:

Item
Control  B-glucans® SEM T A TxA
Glucose, mg/dL 85.85 86.32 1.97 0.87 0.01 0.35
Total Serum Protein, g/dL 5.42 5.44 0.10 0.87 <001 047
Albumin, g/dL 2.97 2.96 0.04 083 0.01 0.80
Creatinine, mg/dL 1.31 1.36 0.04 037 <001 0.79
Erythrocytes, 10° uL 7.1 6.9 027 039 <0.01 0.23
Leukocytes, 10° uL 7.4 6.3 037 045 <0.01 0.85
Neutrophils, 103 uLL 44.84 44.58 3.00 095 <0.01 0.38
Lympocytes, 103uL 4252 44.73 265 056 <001 0.44
Monocytes, 103 uL 11.99 10.52 0.97 0.19 0.74 0.95

1B-glucans = 2g of B-glucans fed with 6L of the milk replacer.
2T= treatment effect; A= age effect; T x A= interaction treatment X age.

9.4 DISCUSSION

In the current study, total DMI and starter DMI were unaffected by R-glucans
supplementation, despite improved FE and better final weights than control
calves. Supplemented calves showed a tendency to improve ADG compared to those not
fed. Most of the B-glucans studies in calves are derived from yeast, while there is limited
research on algae-derived B-glucans as fed in the present study. Nargeskhani et al. (2010)

reported that the addition of 4g/ meal of mannanoligosaccharide B-glucans in the whole
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milk improved DMI and ADG compared with control calves. In agreement, Gosh and
Mehla (2012) observed improvements in starter intake, FE and BW gain of calves
supplemented with 4g/d mannanoligosaccharide B-glucans at 21 days of age. Potential
improvements on performance of young calves fed yeast R-glucans might reflect
increased starter intake, enhanced immune function, or reduced incidence of diseases
(Magalhaes et al., 2008). The administration of oral B-glucans reinforces the functions of
intraepithelial lymphocytes present in the gastrointestinal tract increasing absorption
(Tsukada et al.,2003), as a consequence, the supplementation may optimize
gastrointestinal functionality and feed efficiency (Celi et al., 2017). Ma et al. (2014)
reported that FE of calves supplemented with 0.075g/kg of yeast B-glucans was
significantly improved when compared to those not fed. Those results are consistent with
this study where supplementation with alga p-glucans improved FE at third and fifth
week. Supporting FE improvement, supplemented calves showed a tendency to higher
ADG at the same weeks of age. These results may be due to the physiological process of
digestion and absorption that can contribute to improvement of feed efficiency as seen
when mices were fed with B-glucans (Kurashige et al., 1997). Previous studies have also
shown improved performance when fed yeast R-glucans as compared to controls in
broilers and lambs (Haddad and Goussous, 2005; Gao et al., 2008). In this present study,
dairy calves supplemented with alga 3-glucans in the milk replacer had a heavier BW at
the fifth, seventh and eighth week when compared with the control calves. Brewer et al.
(2014) did not record calf starter intake, FE or final BW but their data indicated that calves
fed yeast had a greater BW gain on a percentage basis over the study period when
compared with the control calves. On the other hand, Quigley et al. (1992) observed no
differences in starter intake, BW gain, or FE in calves fed yeast culture for 12 wk and

suggested that the high incidence of health problems and low starter intake might have


https://www.journalofdairyscience.org/article/S0022-0302(17)30684-7/fulltext#bib3
https://www.journalofdairyscience.org/article/S0022-0302(17)30684-7/fulltext#bib2
https://www.sciencedirect.com/science/article/pii/S0022030208712785#bib20

masked response to treatments. Although alga R-glucans improved growth performance,
withers height and heart girth were unaffected by supplementation, even though these
measures are directly correlated with calf weight and development (Heinrichs et al.,
2007). However, the supplementation positively affected hip width, demonstrating that
the animals that presented greater weight also developed more during the preweaning
phase (Heinrichs et al., 2003).

Products derived from Saccharomyces cerevisiae as R-glucans were reported to improve
enteric health and increase leukocyte function (Magalh&es et al., 2008; Brewer et al.,
2014, Harris et al., 2017) and macrophages activation in calves (Wojcik, 2014). The
biological activity of B-glucans plays an important role in the activation of innate and
adaptive immune systems. Calves are very susceptible to disease in the first weeks of life
(Krehbiel and Zhang, 2016), and specific adaptive functions develop as calves age
(Gelsinger and Heinrichs, 2017). Since calves are immune naive during the first weeks of
life it is possible that B-glucans supplementation assisted immune modulation in our
calves. This may be consistent with our results for FE improvement and a tendency to
increase ADG at the third and fifth week of age. Besides that, our results for FE and ADG
may be correlated with nutrient digestibility which may explain the tendency for higher
ADG and the higher final weight. Research has shown that supplementation of B-glucans
to calf diets resulted in an improved composition of the intestinal microflora, with
decreased numbers of pathogenic E. coli and increased numbers of commensal
Lactobacillus (Zhou et al., 2009). It is also possible that calves had lowered odds of
diarrhea since B-glucans improve gut development. Previous studies have shown that the
height of the intestinal villi and the villous heights to crypt depth ratio were improved in
calves fed B-glucans (Zhou et al., 2009), and these variables were associated with a more

efficient nutrient digestion in calves (Ma et al., 2014). However, unfortunately, we did
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not measure gut digestibility changes as a function of f-glucans supplementation. Thus,
we can only hypothesize that this p-glucans mechanism -played a role in the fecal health
of our calves.
Indeed, we observed that B-glucans ameliorated the odds of a diarrhea bout. Nargeskhani
et al. (2010) reported that calves fed 4g/ meal of mannanoligosaccharide B-glucans had
lower fecal score than control treatment. Like our results, Kim et al. (2019) incorporating
dietary supplementation of algae-derived B-glucans reduced incidence of diarrhea in
weaned pigs infected with a pathogenic E. coli. Multiple pathogens are known or
postulated to cause or contribute to calf diarrhea development as reviewed by (Cho and
Yoon, 2014) such as bacteria, viruses, and protozoa (Foster et al., 2009). The
immunomodulatory effect of B-glucans was effective in parasites in mices (Holbrook;
Cook; Parker, 1981); fungi in mices (Meira et al., 1996); bacteria in rats (Liang et al.,
1998) and virus in swine (Jung et al., 2004) infections. Furthermore, the B-glucans
mechanisms have been shown to modulate immune response in vitro, with reduction in
inflammatory response and oxidative stress (Jensen et al., 2007). This can be important
in diseases in which inflammatory response exacerbates the deleterious effects of the
illness such as in chronic processes or in infections associated with gut pathogens
(Magalhaes et al., 2008). These effects are expected to improve gut health and might
explain the benefits to fecal health scores and diarrhea observed in the current study when
calves were fed B-glucans. However, this needs further investigation since calf diarrhea
is a multifactorial disease and we did measure only fecal scores.

Selected blood parameters were within the normal range for dairy calves during
the preweaning phase (Pogliani and Birgel Junior, 2007). Concentration of glucose in
plasma was not affected by treatment, possibly because of a lack of effect on overall

nutrient intake, even though we have postulated that digestion and absorption were


https://www.sciencedirect.com/science/article/pii/S0022030208712785#bib10

improved. Quigley et al. (1992) found no difference on glucose concentration in Jersey
calves supplemented with B-glucans yeast in the first 12 wk of age. B-glucans
supplementation also did not affect creatinine levels, and concentrations were in a safe
range (Hammon et al., 2002), suggesting normal renal and liver functions in these calves.
No treatment effects were observed for total serum protein and aloumin. This observation
is consistent with Nargeskhani et al. (2010) who reported similar total protein and
albumin concentration in calves supplemented with mannanoligosaccharide 3-glucans.
Mean values for the number of lymphocytes, segmented neutrophils and monocytes were
not affected by treatment. However, mean values of these cells were within the reference
intervals for preweaning health calves (Jezek et al., 2011). According to Brun-Hansen et
al. (2006) the number of neutrophils decreased until the age of 6-8 weeks, whereas
numbers of lymphocytes and monocytes increased according to the calf's age (Brun-
Hansen et al., 2006). Which is consistent with our findings that the values of different
blood variables in calves are changing with the age.

In summary, algae B-glucans improved calf FE, and final weights without negating starter
intake. Similarly, we observed alga -glucans to ameliorate odds of abnormal fecal scores
during the first 56 days of life. We hypothesize this mechanism is multifactorial by
reducing inflammation in the lower GIT and improving fat digestion for better lower GIT
function. Moreover, B-glucans can be supplemented to calves with no effect on blood
glucose, liver and kidney function. Calves white blood cells were unaffected by treatment.
Supplementation of B-glucans added on 6 L/d of milk replacer may improve calf

performance and fecal health.

9.5 CONCLUSION

Results of the present study indicated that milk replacer supplemented with algae f-
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glucans seems to offer benefits to calves through improved feed efficiency and final BW
in calves. Specifically, - glucans tended to improve average daily gain through some
weeks of calf’s age. Furthermore, compared with control calves, the supplementation

also reduces abnormal feces by reducing the risk of diarrhea during the first 56 d of life.
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