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RESUMO
Objetivou- se avaliar o efeito da utilizagdo de diferentes fontes de fibra em dietas de gestagdo

sobre o parto, desempenho e fisiologia de matrizes suinas na lactagdo. Além disso, avaliar o
efeito sobre a digestibilidade das dietas para as porcas em gestagdao. As diferentes fontes de
fibra ndo influenciaram (p>0,05) o peso e escore corporal das matrizes aos 110 dias de
gestacdo, bem como o peso e escore corporal ao desmame ndo influenciaram (p>0,05) a
producdo de leite, intervalo desmame cobertura e perda de peso na lactagdo. Nao foi
observada diferenca (p>0,05) entre tratamentos no tempo de duragdao de parto. A eficiéncia
placentaria das matrizes alimentadas com casca de café (5,48) foi superior (p<0,05) aquelas
alimentadas com casca de soja (4,92), onde obtiveram maior capacidade de nutri¢do fetal via
placenta. O numero de leitdes natimortos no tratamento com casca de soja foi superior
(p>0,05) ao grupo controle (2,72 vs 1,08), as outras fontes de fibra (casca de café e polpa
citrica micronizada) apresentaram resultados melhores quando comparada a fonte de fibra
tradicional utilizada. E possivel observar que ndo houve mudangas significativas (p>0,05)
para numero de leitdes nascidos totais, nascidos vivos, peso total da leitegada ao nascimento,
peso médio da leitegada ao nascer, peso médio da leitegada ao desmame e nimero médio de
leitdes desmamados em nenhum dos tratamentos. A percentagem de leitdes mumificados foi
superior (p<0,05) no grupo tratado com casca de soja (5,64%) quando comparados aqueles
que receberam polpa citrica micronizada (3,12%) e casca de café¢ (2,61%). As concentracdes
séricas de glicose, creatinina, lactato, triglicerideos, proteinas totais, colesterol e ureia nao
foram influenciados pelos tratamentos (p>0,05). No entanto, com relagdo ao tempo, a
concentracao de glicose e colesterol no periodo pos-prandial foram afetadas (p<0,005) pelos
tratamentos. Foi possivel notar que os niveis de glicose ndo apresentaram diferencas (p>0,05),
entre os tratamentos analisados, ou efeito de intera¢do entre tratamento e periodo de coleta.
Entretanto, quando se avaliou somente o0 momento da coleta, foi possivel observar diferengas
entre o periodo pré-prandial e pos-prandial. Ademais, as concentracdes de creatinina nao
foram influenciadas pelos tratamentos (p>0,05). A concentragdo de triglicerideos e colesterol
ndo foi influenciada pelas fontes de fibra (p>0,05). No entanto, ao observar somente o
periodo, ou seja, pré e pos-prandial, notou-se diferencas significativas (p<0,05). Os teores de
lactato ndo diferiram entre as fontes de fibra (p>0,05). As fontes de fibra nao alteraram os
parametros reprodutivos, produtivos e metabolitos sanguineos das matrizes suinas. Desta
forma, as fibras oriundas da casca de soja e de café e polpa citrica micronizada, podem ser
utilizadas nas dietas de matrizes suinas em gestacdo sem comprometer seu desempenho.

Palavras-chave: energia, nutrigao, polissacarideos, suinocultura



ABSTRACT

The objective was to evaluate the effect of using different sources of fiber in pregnancy diets
on parturition, performance and physiology of sows during lactation. In addition, to evaluate
the effect on the digestibility of diets for pregnant sows. The different sources of fiber did not
influence (p>0.05) the weight and body score of the sows at 110 days of gestation, as well as
the weight and body score at weaning did not influence (p>0.05) milk production, range
weaning coverage and weight loss in lactation. No difference (p>0.05) was observed between
treatments in the duration of parturition. The placental efficiency of the sows fed with coffee
husks (5.48) was superior (p<0.05) to those fed with soy hulls (4.92), where they obtained
greater capacity for fetal nutrition via the placenta. The number of stillborn piglets in the
treatment with soybean hulls was higher (p>0.05) than the control group (2.72 vs 1.08), the
other sources of fiber (coffee hulls and micronized citrus pulp) showed better results when
compared to the traditional fiber source used. It is possible to observe that there were no
significant changes (p>0.05) for the number of total born piglets, live births, total litter weight
at birth, average litter weight at birth, average litter weight at weaning and average number of
piglets weaned in any of the treatments. The percentage of mummified piglets was higher
(p<0.05) in the group treated with soybean hulls (5.64%) when compared to those who
received micronized citrus pulp (3.12%) and coffee hulls (2.61% ). Serum concentrations of
glucose, creatinine, lactate, triglycerides, total proteins, cholesterol and urea were not
influenced by treatments (p>0.05). However, with respect to time, the concentration of
glucose and cholesterol in the postprandial period were affected (p<0.005) by the treatments.
It was possible to notice that the glucose levels did not show differences (p>0.05) between the
analyzed treatments, or interaction effect between treatment and collection period. However,
when only the time of collection was evaluated, it was possible to observe differences
between the pre-prandial and post-prandial periods. Furthermore, creatinine concentrations
were not influenced by treatments (p>0.05). The concentration of triglycerides and cholesterol
was not influenced by fiber sources (p>0.05). However, when observing only the period, that
is, pre and postprandial, significant differences were noted (p<0.05). Lactate levels did not
differ between fiber sources (p>0.05). The fiber sources did not change the reproductive,
productive parameters and blood metabolites of the sows. Thus, fibers from soy and coffee
hulls and micronized citrus pulp can be used in the diets of pregnant sows without
compromising their performance.

Keywords: polysaccharides, energy, nutrition, pig farming
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1 INTRODUCAO GERAL

As fémeas suinas modernas estdo cada dia mais produtivas com elevado nimero de
leitdes nascidos acarretando a diminui¢do do peso ao nascimento. Uma maior ateng¢do tem
sido dada a nutrigdo desta fémea gestante com o objetivo de um aumento do peso ao
nascimento € uma menor variacao de peso entre os leitdes ao nascimento. Outro fato que tem
sido considerado ¢ o bem-estar destes animais, tanto em aspectos ambientais quanto
nutricionais.

Atualmente, nos programas de arracoamento das matrizes suinas em gestagdo ¢
preconizada restricao na oferta de alimento visando a prevencdo de ganho excessivo de peso,
na qual, poderia trazer implicagdes no momento do parto bem como na producao de leite na
maternidade (NRC 2012).

A utilizagdo de fibra dietética em dietas de matrizes suinas em gesta¢do, em nivel
acima do que ¢ preconizado nas outras fases de criacao de suinos, ¢ amplamente difundida e
tem como principal objetivo o controle de peso dos animais, bem como, proporcionar uma
maior saciedade durante esse periodo visto que minimiza o desconforto causado pelo
confinamento e pela restricdo alimentar (Pascoal e Watanabe, 2014).

Segundo Bernardino et al. (2016), o alto teor de fibra dietética aumenta o tempo de
ingestdo e a saciedade dos animais, bem como, reduz a frequéncia de estereotipias oriundas
do confinamento. A utilizacao da fibra durante o periodo de gestacdo pode influenciar o peso
dos leitdes ao nascimento bem como o consumo da matriz durante a lactacdao, o que de certa
forma implicaria em uma maior producdo de leite e maior peso dos leitdes ao desmame.

A fibra dietética também ¢ um substrato importante para a fermentacdo por meio da
atividade microbiana, sendo assim, a fonte e a quantidade de fibra presente na dieta podem
alterar a microbiota intestinal. Alguns trabalhos tém demonstrado que a fibra dietética tem
indicios de ser importante para a manutencao da saude intestinal em animais ndo ruminantes
(Montagne et al., 2003), devido aos efeitos benéficos sobre a fisiologia digestiva e atividade
microbiana (Mateos et al., 2012), podendo assim favorecer as popula¢des microbianas
gastrintestinais benéficas (Dunkley et al., 2007) e reduzir a proliferagdo de micro-organismos
patogénicos e a ocorréncia de disturbios digestivos.

Durante muito tempo, os métodos de avaliagdo do contetido de fibra dos alimentos
eram subestimados e, com os métodos atuais de analise j& conseguimos quantificar todas as
fragdes que constituem a estrutura da planta. Tal fato ¢ de suma importancia tendo em vista

que atualmente, o processamento de produtos da agroindustria tem gerado inimeros residuos,
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e muitos destes, sdo ricos em compostos fibrosos e por serem de baixo custo em sua maioria,
poderiam ser empregados na alimentacdo de porcas em gestacdo, diminuindo custos na
alimentacao.

Embora a discussao sobre a utilizagao da fibra na alimentacdo de fémeas suinas em
gestacdo ndo seja algo recente, ainda existem inumeras incertezas no que diz respeito ao tipo
de fibra utilizada, nivel e ao seu periodo de utilizacdo. Nesse sentido, o objetivo do presente
estudo foi avaliar o efeito da utilizacao de diferentes fontes de fibra em dietas de gestacao
sobre o parto, desempenho e fisiologia de matrizes suinas na lactagcdo. Além disso objetivou-
se avaliar o efeito sobre a digestibilidade das diferentes fontes de fibra para as porcas em

gestacao.
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CAPITULO I - REVISAO DE LITERATURA
1.1 Panorama da suinocultura

A suinocultura brasileira ¢ uma das atividades socioecondmicas mais importantes para
o pais. Além da geracdo de empregos a atividade contribui de forma significativa para o
produto interno bruto (PIB) do agronegdcio brasileiro. A carne suina ¢ exportada para mais de
70 paises. Foram embarcadas cerca de 750,3 mil toneladas de carne suina em 2019 saldo
16,2% superior ao registrado em 2018 que foi de 646 mil toneladas (ABPA 2019).

O Brasil ¢ atualmente o quarto maior produtor de carne suina do mundo ficando atras
da Unido Europeia, Estados Unidos e China. Atualmente o plantel reprodutivo brasileiro ¢ de
aproximadamente 2.039.356 matrizes, cerca de 93,7% da producdo nacional de suinos estd
distribuida em cinco estados: Santa Catarina (24,4%), Rio Grande do Sul (19,8%), Minas
Gerais (15,9%), Parana (15,4%) e Mato Grosso (8,2%) (ABPA 2019).

A suinocultura no Brasil assume diferentes formatos, e estes, seguem alguns padrdes
como; escala de produgdo, nivel de tecnologia e também a forma de arranjo entre os
produtores ¢ empresas de processamento. Quando nos referimos a modelos de producao,
podemos citar diferentes situacdes, que irdo depender muito do contexto onde os produtores
estdo inseridos. A regido sul do pais, por exemplo, ¢ composta em sua maioria por pequenos
suinocultores integrados ou cooperados e que em sua grande maioria, sdo especializados em
uma fase da producdo. Ja, a regido sudeste do pais, ¢ predominantemente composta por
suinocultores independentes e de ciclo completo.

Quando nos referimos ao volume de abate nacional de suinos em 2018, a Regido Sul
foi responsavel por cerca de 65,8%, seguido pelas Regides Sudeste (18,7%), Centro-Oeste
(14,5%), Nordeste (0,9%) e Norte (0,1%) (IBGE 2018). Quanto ao consumo, a carne suina ¢ a
terceira mais consumida no pais, sendo o mercado interno responsavel pelo principal destino
da producao do setor, respondendo por cerca de 84% e o consumo per capita se encontra em
torno de 15,9 quilos (ABPA 2019).

Atualmente o panorama da suinocultura brasileira ¢ favoravel ja que a China o maior
produtor mundial vem enfrentando um enorme desafio sanitdrio. A peste suina africana tem
causado intimeros prejuizos a suinocultura chinesa. Estima-se que ja foram abatidos 1,5
milhdo de animais na tentativa de controle dos focos em seu territorio sendo
aproximadamente 30% de matrizes. Tal fato tem gerado um aumento na exportagdo de carne

para este pais refletindo nos pre¢os no mercado interno.
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1.2 Nutricao e alimentacido de fémea suina gestante

A duragdo do periodo de gestacdo de matrizes suinas € caracterizada por 114 dias em
média podendo variar para mais ou para menos dependendo da genética, ambiente linhagem e
manejos adotados (Panzardi et al. 2007). Nos ultimos anos, os programas de melhoramento
genético tém objetivado o aumento do niimero de leitdes bem como o aumento de deposi¢ao
proteica. Houve mudangas no perfil destas fémeas que passaram a ter alta prolificidade e
baixa capacidade de deposic¢ao de gordura corporal (Brown-Brandl et al. 2004).

Mudangas nas caracteristicas corporais e produtivas dos animais afetam diretamente
suas exigéncias, visto que as necessidades de fémeas em gestacdo se baseiam na mantenca,
ganho materno e crescimento dos fetos (Close e Cole 2001, Kim et al. 2005), sendo
influenciados pelo ciclo da matriz, fase gestacional e prolificidade (Abreu et al. 2013, Kim et
al. 2005, Silva 2010).

O conhecimento das fases gestacionais ¢ de suma importancia para que se possa
realizar o adequado manejo nutricional.

O manejo adotado nas maiorias das granjas durante o periodo de gestagdo ¢ a
alimentac¢do restrita visando garantir o adequado escore corporal evitando o ganho de peso
elevado que influencia negativamente o desempenho da fémea e sua leitegada. Durante as
diferentes fases gestacionais ocorre mudangas nas quantidades de ragdo fornecidas visando o
atendimento das exigéncias (Sola-Oriol 2016).

A fase gestacional pode ser dividida em trés etapas: da cobertura até os 21 dias ocorre
a ligacdo embrio-maternal e inicio da formagdo da placenta; dos 21 aos 75 dias ocorre a
formagdo das fibras musculares fetais; e por uUltimo, dos 75 dias até o parto, ocorre
crescimento significativo dos fetos e desenvolvimento das glandulas mamarias (Kim et al.
2009).

As necessidades nutricionais na fase inicial sdo superiores as de mantenga. O principal
objetivo nutricional neste periodo ¢ o de intensificar a sobrevivéncia embrionaria e
proporcionar adequada formacdo placentdria e anexos fetais (Jindal et al. 1996). Estes
mesmos autores, trabalhando com diferentes quantidades de racdo logo apds a inseminagao,
observaram que as fémeas nuliparas que receberam 1,9 e 2,6 Kg de racdo, tiveram taxas de
sobrevivéncia embriondrias de 84,7 e 64,5%, respectivamente e os teores de progesterona
sanguinea, 72 horas apos identificacdo do estro, foram maiores nas fémeas que tiveram menor
consumo de racdo. Estes resultados demonstram a ocorréncia de um periodo critico que se

estende até as 72 horas ap0s a inseminagao.
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No terco médio do periodo de gestacdo compreendido entre 21 a 75 dias, o objetivo
principal ¢ a recuperagdo corporal das matrizes, devido a mobilizagdo na lactacdo anterior
oriundas bem como, o adequado crescimento de fémeas jovens (Young et al. 2004). A
nutricao nesta fase visa a formagao das fibras musculares primarias e secundarias dos fetos
(Foxcroft e Town 2004). De acordo com Goodband et al. (2013), o ganho de peso da matriz
ocorre quando se tem a ingestdo de nutrientes acima das necessidades para mantenca,
crescimento de tecidos fetais, fluidos e conceptos. Sendo assim, ¢ recomendado que até este
periodo se busque a recuperagao corporal da matriz visto que, apos este periodo as exigéncias
sdo superiores as necessidades de mantenca (Ji et al. 2005, Goodband et al. 2013).

A terceira fase gestacional (75 ao parto) tem como principais caracteristicas o maior
desenvolvimento da glandula mamaria e, maior crescimento fetal. O que resulta em
necessidade de ganho proteico e aumento de reserva energética quando comparado as fases
inicias de gestacdo, acarretando uma maior exigéncia nutricional pela matriz (Ji et al. 2005,
Mcpherson et al. 2004) e um aporte proteico extra se a fémea ainda estiver em crescimento.
Entretanto, ¢ de grande importancia lembrar que o excesso de energia nos periodos que
compreendem 75 a 90 dias, pode prejudicar a formacdo da glandula mamaria, o que podera

ocasionar uma diminuic¢ao na producao de leite durante a lactagdo (Abreu et al. 2005).

1.3 Fibra na alimentacio de suinos

O termo “fibra dietética”, utilizado pela primeira vez por Hipsley em 1953,
considerada como sendo, os constituintes ndo digeridos das dietas (Bach Knudsen 2001). A
fibra pode ser classificada tanto no aspecto morfolégico quanto no seu aspecto nutricional.
Quando se refere ao aspecto de morfologia, este corresponde aos componentes que formam a
estrutura da parede celular das plantas. J4, nutricionalmente, refere-se a fracdo do alimento
que ndo ¢ digerida por enzimas secretadas no trato digestorio de animais ndo ruminantes. No
entanto, por meio da fermentacdo microbiana realizada no intestino grosso pode ocorrer
hidrolise destes compostos (AACC 2001).

A importancia da fibra na nutricdo de animais ndo ruminantes estd diretamente
relacionada com a digestibilidade dos nutrientes, producdo de acidos graxos volateis, valor
energético das dietas, proliferagdo celular do epitélio intestinal, excrecdo de muco intestinal e
influéncia na taxa de passagem do alimento pelo trato gastrointestinal (Castro Junior et al.

2005, Gomes et al. 2006, Brito et al. 2008, Goulart et al. 2016, Nepomuceno et al. 2016)
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A fibra dietética pode desempenhar papel estratégico na nutricdo de suinos. Tem sido
comum se utilizar na alimenta¢do de machos reprodutores, fémeas destinadas a reproducao e
reposicao. Para fémeas em gestacdo um nivel maior de fibra nas ragdes, tendo como principal
objetivo, o controle do ganho de peso e diminui¢do do estresse causado pelo confinamento e
pela restricdo alimentar ja que dietas fibrosas promovem distensdo do TGI proporcionando
saciedade para essa categoria animal (Gomes et al. 2007).

Sendo assim, ¢ classificada quimicamente fibra alimentar como um conjunto de
compostos fendlicos e polissacarideos nao amilaceos (PNA) (Sakomura et al. 2014). Os
PNAS podem ser constituidos por nove principais carboidratos sendo eles: arabinose e xilose
(pentoses), glicose, galactose e manose (hexoses), ramnose e fucose (deoxi-hexoses) e acidos
glucuroénico e galacturdnico (4cidos urdnicos). Os principais polissacarideos que constituem a
fibra sdo: celulose, hemicelulose, lignina arabinoxilanas, B- glucanas, xiloglucanas,
ramnogalacturanas e arabinogalactanas (Englyst 1989).

Outra classificagdo importante da fibra dietética esta relacionada com a sua
solubilidade em 4gua e seu efeito fisioldgico. Podem ser classificadas como soluvel e
insoluvel. A celulose, hemicelulose insoluvel e a lignina correspondem a fibra insoluvel. J& &
fibra soluvel, corresponde as pectinas, gomas, mucilagens, algumas hemiceluloses e
polissacarideos ndo amilaceos (Castro Junior et al. 2005, Brito et al. 2008, Goulart et al.
2016).

A principal caracteristica da fibra soluvel ¢ ser mais fermentdvel aumentando a
viscosidade da digesta e a capacidade de absor¢do de agua, formando um gel no trato
intestinal (Silva et al. 2014). A gelatinizacdo faz com que o bolo alimentar fique por mais
tempo no trato gastrointestinal, diminuindo o esvaziamento gastrico (maior saciedade) e o
contato entre as enzimas digestivas e seu substrato, o que afeta diretamente a digestibilidade
dos nutrientes, favorecendo a proliferacdo de bactérias patogénicas e reduzindo o consumo
voluntario (Bedford 1995).

As fibras insoluveis possuem como principal caracteristica, diminuir o tempo de
retencdo da dieta, ocasionando assim diminui¢do na absor¢do de nutrientes, aumentando a
reten¢do de dgua e o volume fecal (Brito et al. 2008). As fezes se tornam macias e de facil
eliminagdo, o que evita o aparecimento de casos de constipacao. Pode ser digerida somente no
intestino grosso, através da sua fermentacgdo total ou parcial, sendo utilizada como fonte de
energia pelos microrganismos do colon o que resulta, na producdo de acidos graxos de cadeia

curta (Potkins et al. 1991).
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A energia proveniente da fermentagdo de compostos fibrosos no trato intestinal pode
ser aproveitada pelo animal, podendo contribuir com a energia de manten¢a dos mesmos. De
acordo Anguita et al. (2007), essa contribui¢do pode variar entre 15 a 30 % para animais em
crescimento e gestacdo respectivamente. A contribuicdo energética da fibra esta relacionada
principalmente a contribui¢do oriunda dos AGCC produzidos através da fermentagdo, para as
células do epitélio intestinal dos animais (Bindelle et al. 2008). Sendo o butirato o principal
AGCC a regular o crescimento das células epiteliais, induzindo assim a diferenciacdo e

apoptose no intestino delgado, aumentando a capacidade absortiva.

1.4 Métodos de determinac¢ao da fibra dietética

Um dos primordiais métodos de avaliacdo do conteudo de fibra dos alimentos ¢ a fibra
bruta (FB). A (FB) compreende a celulose e varidveis quantidades de lignina e hemiceluloses,
e estes compostos sdo solubilizadas pelas solucdes alcalina e acida do método. Existe uma
falha no método, pois a lignina solubilizada torna-se parte dos extrativos nao nitrogenados, os
quais deveriam ser o componente mais digestivel do alimento (Machado et al. 2009).

Desta forma, gradativamente, o método de FB foi substituido pelo método da fibra em
detergente neutro (FDN) desenvolvido por Van Soest (1965). Este consiste na utilizacdo de
uma solu¢do tampao, que evita a solubilizagcdo da lignina. Sendo assim, a FDN compreende as
fragdes insoluveis de hemicelulose, celulose e lignina. Posteriormente, criou-se outro método
denominado com fibra em detergente acido (FDA). Esta andlise consiste na utilizacdo de um
acido forte como o acido sulftirico, sendo entdo quantificadas a celulose e lignina (Van Soest,
1967).

A determinac¢do das fibras em detergente neutro (FDN) e em detergente acido (FDA)
dos alimentos tem sido o método mais comumente utilizado nos laboratorios em nosso pais,
no entanto, alguns autores ainda propdem métodos distintos dos citados. Englyst, (1989),
propOs a mensuragao dos constituintes da fibra dietética, como por exemplo, os PNA, por
meio de cromatografia liquido-gasosa. Esse método, apesar de ter um custo elevado, tem sido
cada vez mais utilizado, podendo desta forma caracterizar melhor os componentes fibrosos.
De acordo com NRC (2012), o principal desafio esta na padronizacdo dos métodos de analise,

j& que diferentes metodologias podem gerar resultados contraditorios.
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1.5 Influéncia da utilizacao da fibra dietética na dieta de porcas em gestacio

1.5.1 Desempenho produtivo das matrizes

Existe uma grande preocupacao com relagdo ao consumo de ragao das matrizes suinas
durante o periodo lactacional, e uma das estratégias para maximizar este consumo, ¢ preparar
as matrizes fisiologicamente e anatomicamente durante o periodo gestacional. Peet-
Schewering et al. (2003) observaram que matrizes suinas alimentadas com 38% de polpa de
beterraba, quando comparadas com matrizes alimentadas sem a adi¢ao deste ingrediente,
tiveram o trato digestivo cerca de seis quilos mais pesados.

De acordo com Dierick et al. (1989), elevados teores de fibra dietética tanto soluvel
quanto insoluvel, podem levar a um aumento dos 6rgdos gastrintestinais € a uma maior
producdo de secregdes digestivas. Sendo assim, a fibra pode estimular o desenvolvimento
intestinal, € com isso porcas gestantes alimentadas com altos teores de fibra, podem ter um
consumo mais elevado na lactagdo (Ferreira et al. 2007).

Quesnel et al. (2009), afirmam que o fornecimento de dietas com elevados teores de
fibras, reduz a concentracdo de leptina circulante apresentando correlagdo positiva com a
ingestao de alimentos, e este efeito se mantém ao longo da lactacdo. Isso implica diretamente
em uma satisfatoria ingestao de alimentos e em um menor desgaste corporal € maior produgdo
de leite.

A fibra pode influenciar positivamente no peso dos leitdes ao nascimento e no
consumo na lactagdo, o que implica diretamente no peso dos leitdes ao desmame (Peet-
Schwering et al. 2003, Veum et al. 2009). Veum et al. (2009) trabalhando com a adicao de
13,35% de palha de trigo e 8,26 % de FB e outra dieta sem a adi¢do da palha de trigo € com
3,12% de FB, durante trés ciclos consecutivos, observaram que as matrizes que consumiram
racdo com maior nivel de fibra na gestacdo, apresentaram um consumo médio na lactacdo de
370g a mais por dia e tiveram leitegadas pesando 3,59 Kg a mais ao desmame.

Outro aspecto que atualmente tem sido muito evidenciado ¢ o efeito da fibra sobre o
bem-estar dos animais. De acordo com a diretiva 2008/120, devem ser fornecidas as matrizes
alimentos ricos em fibras com o objetivo de amenizar a sensagdo de fome e também suprir as
necessidades de mastigacdo. A Alemanha por exemplo, deixa especificado que o contetido de
fibra na matéria seca deve ser de no minimo 8%, garantindo a ingestdo de 200 gramas de fibra
por dia. Alimentos ricos em fibra ativam mais rapidamente o centro da saciedade no cérebro

de suinos através da dilatagdo da parede do estomago e, também pelo retardo na taxa de
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passagem gastrintestinal. Desta forma, animais submetidos a restri¢do alimentar quantitativa,
permanecem por um periodo mais curto de tempo na condi¢do de estresse causada pela
sensagao de fome (Che et al. 2011). Budifio et al. (2014), avaliando o comportamento de
matrizes suinas em diferentes sistemas gaiolas individuais e sistema de alojamento coletivo
com alta e baixa fibra, observaram que matrizes alojadas em sistema coletivo e com dietas
com alta fibra, apresentaram melhores respostas fisioldgicas indicando maior conforto e
melhor bem-estar.

Embora diversos trabalhos tenham demonstrado efeitos benéficos na utilizacdo de
elevados teores de fibra em dietas de matrizes em gestacdo, ao se aumentar o nivel de fibra, ¢
preciso avaliar o impacto por ele causado sobre a digestibilidade dos nutrientes. A medida que
se aumenta o nivel de fibra da dieta ocorre um decréscimo na digestibilidade dos nutrientes e

da energia (Le Gall et al. 2009).

1.5.2 Parametros bioquimicos no sangue

A composic¢ao bioquimica do sangue fornece importantes informagdes com relagdo ao
estado clinico, metabolico e produtivo dos animais, podendo assim auxiliar como indicadores
dos processos adaptativos do organismo, no metabolismo energético, proteico e mineral
(Gonzalez e Silva 2003).

No metabolismo proteico, a albumina ¢ a proteina mais abundante no plasma (Cox
2006), sendo sintetizada pelo figado tendo como principal fungdo, o transporte de metabolitos
e no controle osmotico. A alteragdo da sua concentracdo no sangue se da principalmente por
danos hepaticos, desidratagdo ou mesmo déficit alimentar de proteinas Com relagdo a uréia, €
um indicador sensivel e imediato da ingestao de proteina, tem relagdo com os niveis proteicos
da dieta e o funcionamento renal diferente da albumina, que ¢ um indicador em longo prazo
do estado proteico (Gonzalez e Silva 2006).

Quesnel et al. (2009), ao avaliarem dietas contendo baixa e alta fibra, 2,8 e 11,5%,
respectivamente, ndo encontraram diferencas com relagdo a concentracao de ureia plasmatica
durante o periodo de gestagdo no entanto, na transi¢ao do periodo entre gestagdo e lactagdo foi
encontrada diferenca, sendo atribuida ao maior consumo de proteina durante a lactagao.

Alguns compostos como glicose, colesterol e acidos graxos nao esterificados (NEFA),
sao bons indicadores do metabolismo energético (Gonzalez e Silva 2006). Devido a um
aumento no crescimento dos fetos no final da gestagdo ocorre, um direcionamento maior de

glicose para os mesmos (Pére e Etiene 2007). Tal evento fisiologico pode causar resisténcia
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insulinica, e que, decorrente disso ocorre um aumento na concentragdo de acidos graxos ndo
esterificados (NEFA).

Quesnel et al. (2009), trabalhando com matrizes suinas alimentadas com dietas dieta
de alta FB (12,4 %), apresentaram menores concentracdes de glicose de 15 a 30 minutos apds
a ingestdo de ragdo. Os mesmos autores observando o comportamento da insulina
identificaram como sendo o menor nivel entre 15 e 75 minutos, apds o arragoamento. Os
efeitos encontrados podem estar associados ao menor consumo de amido da dieta contendo
mais fibra.

O colesterol no organismo dos animais pode ser de origem exdgena, oriunda dos
alimentos, ou, de forma endogena. Os niveis de colesterol plasmaticos sdo indicadores
adequados do total de lipidios no plasma, porque corresponde aproximadamente a 30% do
total (Scheffer e Gonzalez 2003). Em seres humanos, foi observada uma diminuicdo na
concentragdo de colesterol sérico, derivado de um aumento no consumo de fibras (Martensson
et al. 2005). Esse efeito pode ser atribuido a fragdo soluvel da fibra, que diminui a reabsor¢ao
da bile, isso faz com que o figado remova o colesterol sanguineo para a producdo de novos
acidos e sais biliares (Rique et al. 2002, Kerckhoffs et al. 2003). Fibras soluveis sdo altamente
fermentdveis e componentes como os beta-glucanos, independentemente do ingrediente de
origem, sdo eficientes em reduzir o colesterol sérico (Delaney et al. 2003).

Oelke et al. (2018), trabalhando com diferentes niveis de fibra bruta 3,3, 7,0 ¢ 10,1%
para fémeas suinas em gestagdo, observaram efeito linear sobre o colesterol sanguineo, em
relacdo ao nivel de fibra da racdo. Esses mesmos autores ndo observaram nenhuma diferenca

sobre parametros produtivos.

1.5.3 Colostro

O termo colostro ¢ utilizado para caracterizar a primeira secrecdo da glandula
mamaria. Na espécie suina a produgdo se inicia pouco antes do parto até aproximadamente 12
horas apds seu inicio (De Passillé e Rushen 1989). Alguns trabalhos tém sugerido um
aumento no teor de gordura no colostro de matrizes alimentadas com um maior teor de fibra
na dieta. As possiveis hipoteses sao um maior catabolismo de lipidios oriundo das reservas
das fémeas ou aumento da produgdo de acidos graxos no plasma das matrizes e
consequentemente sintese de lipideos na glandula mamaria.

Quesnel et al. (2009), ao avaliarem dietas contendo baixa ¢ alta fibra, 2,8 ¢ 11 5%,

respectivamente, ndo encontraram diferencas com relagdo a composicdo do colostro das
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matrizes em relagdo a utilizagdo de um teor de fibra maior nas dietas de gestacdo. No entanto,
foi observado uma maior produgdo de colostro pelas fémeas alimentadas com alta fibra, cerca
de 15% maior.

Krogh et al. (2015), trabalhando com diferentes fontes de fibra (polpa de beterraba,
farelo de alfafa e uma dieta base) combinados com trés fontes de gordura (4cido graxo de
palma, 6leo de soja e trioctanoato, observaram um maior teor de lactose 12 e 24 h apos o
inicio do parto em matrizes alimentadas com baixo teor de fibra. Ja Loisel et al. (2013) nado
encontraram diferengas no teor de lactose nos periodos de 12 e 24 horas apds o nascimento do

primeiro leitdo entre matrizes alimentadas com alta e baixa fibra (.3,3 ¢ 7,9 %).

1.6 Fontes de fibra na alimentacao de suinos e seus efeitos sobre o desempenho

1.6.1 Casca de café

A cafeicultura d& origem a inimeros residuos, podendo citar como o principal deles, a
casca de café. A crescente preocupacdo com questdes ambientais tem originado estudos sobre
a destinagdo dos residuos originados neste sistema agroindustrial (Villela et al. 2001).

A casca de café representa cerca de 40% do fruto maduro e este material, pode
retornar a lavoura em forma de adubo orginico ou entdo, muitas vezes ¢ perdido sem
nenhuma utilizagdo (Poveda Parra et al. 2008). Poucos estudos sdo realizados com o uso da
casca de café como fonte de fibra na alimentacao de suinos, nao havendo informagdes sobre
seu valor nutricional e potencial de utilizagao.

Existem dois tipos de casca de café¢ dependendo do tipo de grao colhido e do
processamento utilizados, a casca de café melosa e a casca de café seca. A principal diferenga
entre os tipos de casca ¢ o fato de que a casca de café melosa ndo possuir um componente
fibroso, o pergaminho (Oliveira 2001). Sendo assim, a casca de café ¢ um subproduto com
grande potencial de utilizagdo na alimentagdo de monogastricos, porém, alguns fatores
antinutricionais como; taninos, cafeina, lignina e silica, podem interferir na aceitacao e no
aproveitamento pelos animais pelos animais (Barcelos et al. 2001).

Parra et al. (2008), trabalhando com suinos nas fases de crescimento e terminagao,
avaliaram diferentes inclusdes de casca de café¢ melosa na dieta (0, 5, 10, 15 e 20%. Os
autores verificaram que a inclusao de até¢ 5% de casca de café na fase de crescimento e de até
9,5% na fase de terminacgdo nao afeta o desempenho dos animais. Oliveira (2001), avaliando a

substitui¢ao do milho por casca de café (0, 5, 10, 15%) em dietas de suinos em crescimento e
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terminagdo, observaram que independentemente do nivel a substituicdo diminuiu o
desempenho dos animais e esta, s se justificaria economicamente até o nivel de 5%.

Carvalho et al. (2009), trabalhando com suinos na fase inicial, avaliaram a
digestibilidade de casca de café melosa e casca de café melosa ensilada e diferentes inclusdes
de casca de café melosa ensilada na dieta dos animais (0, 4, 8, 12 ¢ 16%). Com relagdo a
digestibilidade, o processo de ensilagem ndo alterou a digestibilidade da casca de café melosa.
Ja com relagdo aos niveis de inclusdo da casca de café melosa ensilada os autores observaram

que a inclusao de até 16%, ndo alterou as caracteristicas de desempenho dos animais.

1.6.2 Casca de soja

A estimativa da producdo mundial de soja, de acordo com o USDA (Departamento de
Agricultura dos Estados Unidos), para a safra 2019/2020, ¢ de 337,5 milhdes de toneladas
(FIESP 2019), enquanto a produgdo brasileira estimada, nesta safra, ¢ de 123 milhdes de
toneladas. O Brasil ¢ o segundo maior produtor de soja, ficando atras apenas dos Estados
Unidos.

A casca de soja ¢ um subproduto do beneficiamento do grao de soja e esta, consiste
em uma camada fina que recobre o grao, sendo obtida apos o processamento industrial da soja
para a produgdo do farelo de soja “high pro” (farelo de soja com alta proteina, tipo
exportagdo) gerando assim um grande volume de casca (Quadros et al. 2008). Para cada
tonelada de soja processada obtém-se 180 kg de dleo (18%), 710 kg de farelo de soja com
45% de proteina bruta (71%) e em torno de 50 kg de cascas (5%) (Blasi et al. 2000). Possui
em torno de 32,9 % de fibra bruta, 58,1 % fibra em detergente neutro, 46,1% de fibra em
detergente acido (Rostagno et al. 2017).

Gentilini et al. (2004) estudaram o desempenho produtivo de leitoas alimentadas com
dietas de gestagdo com baixo e alto nivel de casca de soja 7,0 e 35% de inclusdo, observaram
que o peso médio aos 110 dias de gestacdo, peso médio apds o parto € o peso médio dos
leitdes ao nascimento foi maior para as fémeas alimentadas com 7,0% de inclusdo de casca de
soja. No entanto, o consumo de ra¢do no periodo de lactacdo foi maior para os animais
alimentados com 35 % de inclus@o de casca de soja na dieta.

Quadros et al. (2008) avaliaram o desempenho de suinos na fase de crescimento e
terminacao alimentados com diferentes niveis de inclusdo de casca de soja na dieta (0, 4, 8, 12

e 16%), observaram que a inclusdo de até 16% de casca de soja moida ndo afeta o
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desempenho dos animais e pode produzir carcacas mais magras ja que no presente trabalho a

inclusdo deste ingrediente nas dietas promoveu uma redugao linear na espessura de toucinho.

1.6.3 Polpa citrica

A polpa citrica ¢ o subproduto do processamento da laranja sendo esta, composta pelas
cascas, membranas, vesiculas e sementes da laranja. Apds duas prensagens para a extracao do
suco de laranja, ocorre reducdo da umidade em cerca de 65 - 75%. Posteriormente ¢ realizado
o processo de secagem até atingir 90% de matéria seca (Teixeira 2001).

A polpa citrica ¢ composta basicamente por pectina, celulose e polissacarideos
hemicelulosicos (Bampidis e Robinson 2006, Franzolin e Franzolin 2000). Segundo
Watanabe et al. (2010), a polpa citrica apresenta valores médios de 7,89% de FB, 24-41% de
FDN, 14% de FDA, 1% lignina e 25% de pectina. Os teores de fibra bruta da laranja
econtram-se principalmente na casca, € sua maior parte ¢ composta por celulose, uma
importante fibra alimentar insolivel. De forma geral, a polpa citrica possui alta digestibilidade
da matéria seca, elevado teor de fibra, alto teor de carboidratos soliveis (itavo et al. 2000,
Muller e Prado 2004, Pinheiro et al. 2000).

Watanabe et al. (2010) trabalhando com diferentes niveis de polpa citrica (0, 10, 20 e
30%) em dietas de suinos em crescimento e terminagdo, ndo observaram diferengas sobre a
conversao alimentar e o consumo de ragdo, no entanto houve maior ganho de peso ao nivel d
10,79 % de inclusdo. Ja Mejia et al. (2001), trabalhando com a inclusdo de 0, 5, 10, 15 e 20%
de polpa citrica em dietas para suinos em crescimento, ndo observaram diferencas sobre os
parametros de digestibilidade da matéria seca, proteina e energia bruta. Os melhores
resultados para consumo didrio de ragdo, ganho de peso e conversdao alimentar, foram
observados com a inclusdo de até 5% de polpa citrica. De acordo com os autores niveis
maiores de inclusdo podem, podem ter afetado a absor¢do dos nutrientes da dieta devido ao

teor de fibra.
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Productive and biochemical parameters of sows fed different alternative sources of fiber

during gestation and the impacts during lactation

Context. There are few experiments that demonstrate how alternative fiber sources can
influence productive and biochemical parameters of sows. Also, few studies have assessed
whether the use of micronized citrus pulp sow’s feed during gestation and lactation.

Aims. The aim of the present study was to evaluate the effects of different fiber sources fed to
sows during gestation on performance and biochemical parameters measured during lactation.
Methods. A total of 220 sows with average initial weight of 240.72 + 29.42 were allotted to
acompletely randomized design, with four treatments and 55 replications. The treatments
consisted of different fiber sources included in the fed. A corn soybean meal-based diet was
the control, without inclusion of any fiber sources. The remaining treatments were obtained by
the inclusion of micronized citrus pulp, soybean hulls and coffee husk.

Key results. Productive and reproductive performance during gestation and lactation, and litter
birth weight was not influenced (P > 0.05) by the treatments. Placental efficiency showed
differences (P < 0.05) in animals fed diets supplemented with either soybean or coffee husk.
Groups fed control diets or soybean hulls-supplemented diets presented differences on the
stillborn rate (P < 0.05). Groups fed coffee husk or micronized citrus pulp- supplemented
diets showed differences from groups fed soybean hulls on the percentage of mummified
fetuses (P < 0.05). The blood parameters glucose, creatinine, lactate, triglycerides, total
protein, cholesterol and urea were not influenced by treatments (P > 0.05). However, blood
glucose, triglycerides and cholesterol levels presented differences (P < 0.05) between the pre
and postprandial phases.

Conclusion. The different fiber sources did not influence the performance of sows and their
litters during gestation and lactation.

Implications. Strategies can be developed to use coffee husks, micronized citrus pulp or
soybean hulls in sows’ feed. Furthermore, it has been proven that the use of this fibers sources
did not change the reproductive and productive parameters and blood metabolites of the sows.
Additional keywords: alternative ingredients, coffee husks, micronized citrus pulp,
polysaccharides, soybean hulls

Additional keywords: alternative ingredients, coffee husks, micronized citrus pulp,

polysaccharides, soybean hulls
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1 Introduction

The advance of genetic enhancement in swine production promoted the insertion of
hyper-prolific sows in the herds, which generate greater numbers of piglets per litter. As a
result, there was a need to adjust the sows' diets according to changes in maintenance and
production requirements, aiming to provide nutrients to piglets in order to provide greater
placental nutritional support (Peltoniemi et al., 2019). This nutritional strategy mainly aims to
improve litter uniformity and consequently promote higher birth weight, thus guaranteeing the
piglets' vitality and survival.

Sows, when in gestation phase, are subjected to feed restriction in order to reduce
excessive weight gain and avoid problems such as low feed consumption in the lactation
phase, low milk production and occurrence of dystocytic parturition (Mou et al., 2020; Shang
et al., 2021). Thus, dietary fiber has been used as a nutritional alternative in the diets of sows
in the gestation and lactation phase, as they present promising results such as changing the
duration of parturition, greater number of live born piglets, improvement in colostrum
composition, increased litter weight and increased feed consumption in the lactation phase (Li
et al., 2020; Tian et al., 2020; Yu et al., 2020). When using dietary fibers, its sources must be
considered, as well as aspects of solubility and fermentability, which will directly interfere
with the action of fiber on the gastrointestinal tract. Soluble fibers have water solubility, being
associated with increased diet viscosity, but have greater fermentation when compared to
insoluble fiber. On the other hand, insoluble fibers have lower solubility in water, being less
fermentable (Williams et al., 2019; Li et al., 2021).

As they are non-starch polysaccharides, the inclusion of fiber in swine diets must be
based on inclusion levels and consider the soluble:insoluble fiber ratio, which are directly
associated with the effects of fiber in diets. In the sows’ nutrition, fibrous sources seek a
longer time of satiety, reducing the animals' stress and avoiding problems of exaggerated
weight gain, especially when it comes to the gestation period, when food is restricted. In
addition, dietary fibers promote the synthesis of short-chain fatty acids, such as butyrate,
propionate, and acetate, which are associated with intestinal health and extra energy supply,
ensuring a symbiotic microbiota (Shang et al., 2019; Cheng et al., 2018).

On the other hand, Brazil is the world's largest producer and exporter of coffee, being
an economically viable activity for the country. As a result, there is a large number of by-
products originated from coffee production, such as its own husk. Coffee husks can be used in

swine nutrition as an alternative source of fiber due to its wide availability in the country and
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its physicochemical composition (Parra et al., 2008; Faustino et al., 2020; Martinez et al.,
2021). In citrus, Brazil is among the largest producers worldwide, especially orange. The juice
producing agroindustry has significant expression in several regions of the country. Thus,
there is also a need to reuse fruit pomace, which has desirable characteristics such as the
presence of pectin, fiber, and carbohydrates, in addition to having a low production cost and
beneficial nutritional characteristics to be used as a source of fiber in the sows’ diet
(Nascimento et al., 2020).

The fiber sources in Brazil are diverse and most of them come from the processing of
ingredients used in animal or human nutrition. Therefore, there is a need to understand its
effects on the gastrointestinal tract of animals and on sow’s productivity. In this way, the use
of diets with fiber content during the gestation period can be a strategy to improve the
productivity of the sows, in addition to potentiating the use of agro-industries by-products in
the swine diets (Pascoal and Watanabe, 2014). Therefore, the objective of this work was to
evaluate productive and reproductive parameters, farrowing duration and biochemical

parameters of pregnant sows fed with different fiber sources

2 Materials and Methods
All experimental procedures used in this study were in accordance with the guidelines
of the Animal Experimentation Ethics Committee of the Federal University of Minas Gerais -

Brazil (CEUA) protocol number 113/2019.

2.1 Installations, Animals and Treatments

The experiment was conducted in Varjdo de Minas city, located in the southeastern
region of Brazil (900 meters altitude, Latitude: 18° 22' 36" South, Longitude: 46° 1' 57"
West), a region with a tropical climate and dry season (Kdopen-Geiger climate classification).
A total of 220 sows (DB 30 Yorkshire females x DB 20 Landrace males, DB Brazil, Patos de
Minas, MG, Brazil) were distributed in the four treatments after insemination (240.72 +
29.42kg), with parity order from 3 to 8. The sows were distributed in a completely
randomized design, with four treatments and 55 replications (Table 1). Body condition was
assessed using the Caliper score (Knauer and Baitinger 2015). This device quantifies the
angularity of the topline of the sow in the spinous process for the transverse process and
assigns scores to each range, being a sow with scores 7 - 9, 10 - 12 and 13 - 14 classified as

thin, ideal and overweight respectively.
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The gestation rooms were equipped with individual pens measuring 0.72 x 2.12 m
(solid front floor of 0.93 m, rear floor of 1.05 m). A digital thermometer (incoterm) was
installed in the middle of the room at half height of the animals, allowing the daily
measurement of temperature during the afternoon (minimum 20.93°C and maximum of
27.81°C). All sows were weighed on a digital scale (KM3-N, Coimma, Sdo Paulo, Brazil) and
submitted to body condition score assessment (as previously described, Knauer and Baitinger,

2015) at the beginning of the experiment.

Table 1. Sows treatment distribution according to parity order

Treatments
Parity Order Control Micronized Soybean Coffee Husk
citrus pulp hull
3 16 16 18 18
4 15 14 16 17
5 7 6 6 2
6 7 7 8 8
7 6 8 5 8
8 4 4 2 2
N 55 55 55 55
Mean parity order 4.71 4.80 4.49 4.58
Mean sow initial weight 242.9 241.57 238.12 242.44

At d 110 of gestation the sows were weighed, their score evaluated, and then they
were transferred to the maternity room composed of 26 individual farrowing crates measuring
1.10 x 2.41 m and there was an area in front of the crates measuring 1.53 x 0.53 for the piglets
with floor heaters and lamps.

The treatments consisted of four diets, with the control diet formulated based on corn
and soybean meal without the inclusion of any additional fiber source. The other treatments
were obtained by the inclusion of fibermill® (micronized citrus pulp), soybean hulls and
coffee husks. The inclusion of fibermill® followed the manufacturer's recommendations. The
diets were designed to meet the nutritional requirements of the sows, respecting the
lysine/metabolizable energy ratio based on Rostagno et al. (2017) (Table 2). The control diet
was provided in a single daily supply at 06:00 am, in the following amounts: 0 to 21 days 2.2
kg/day (7058 kcal/day and 14.3 g/day of digestible lysine); 22 to 75 days 1.8 kg/day (5133
kcal/day and 10.4 g/day of digestible lysine); 76 to 90 days 2.4 kg/day (7699 kcal/day and
15.6g/day of digestible lysine) and 91 until calving 3.0 kg/day (9624 kcal/kg and 19.5g/day of

digestible lysine). The feed intake of the different treatments during the gestation period was
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adjusted so that the animals consumed the same amounts of nutrients per day, the same ratio

between lysine/energy and the other nutrients. Water supply was ad

Table 2. Ingredient and chemical composition of diets

Ingredients (%) Control ~ Micronized Soybean  Coffee  Lactation
citrus pulp hull Husk
Corn 77.51 74.04 63.05 63.91 55.56
Soybean meal 15.75 15.30 12.60 11.8 26.80
Soybean hull - - 18.00 - 3.00
Soybean oil - - - - 5.00
Sugar - - - - 4.00
Yeast 1.00 0.97 0.95 1.00 -
Fibermill® - 4.00 - - -
Coffee husk - - - 18.00 -
Meat and bone meal 2.00 2.00 2.00 2.00 2.65
Limestone 0.44 0.375 0.18 0.35 0.42
Dicalcium phosphate 1.30 1.30 1.20 0.95 1.15
Salt 0.50 0.49 0.47 0.410 0.50
Lysine 0.10 0.10 0.10 0.10 0.20
L-Threonine 0.03 0.0295 0.02 0.024 0.07
L- Tryptophan 0.01 0.01 0.009 0.008 -
DL-Methionine 0.03 0.0295 0.028 0.024 0.07
L- Valine - - - - 0.08
Premix vit/Min? 0.50 0.50 0.47 0.45 0.50
Calculated Nutritional Composition
Metabolizable energy, Kcal/kg 3.208 3.156 3.028 3.208 3.510
Crude Protein, % 14.49 14.33 13.92 14.49 18.59
Total fiber, % 2.81 3.32 8.22 2.81 2.72
Available Calcium, % 0.45 0.44 0.42 0.45 0.95
Total phosphorus, % 0.65 0.64 0.60 0.65 0.66
Available phosphorus, % 0.45 0.44 0.42 0.45 0.50
Lysine, % 0.65 0.64 0.61 0.65 1.00
Met+ Cys, % 0.42 0.41 0.38 0.42 0.55
Tryptophan, % 0.15 0.15 0.14 0.15 0.19
Threonine, % 0.46 0.45 0.42 0.46 0.65

* Composition of mineral and vitamin premix provided per kg of gestational diet: iodine 0.2 mg/kg; copper 17
mg/kg; iron 13 mg/kg; 16.7 mg/kg manganese; selenium 0.055 mg/kg; zinc 18 mg/kg; cobalt 0.03 mg/kg;
pantothenic acid 3.99 mg/kg; folic acid 0.59 mg/kg; biotin 0.16 mg/kg; niacin 5.9 mg/kg; vit. A 2390 TU/g; vit.
B1 0.43 mg/kg; vit. B2 1.59 mg/kg; vit. B6 0.59 mg/kg; vit. B12 5.9 mcg/kg; vit. D3 490 IU/g; vit. E 13 U / kg,
vit. K3 0.49 mg/kg.

The diets were evaluated for chemical composition at the Animal Nutrition Laboratory
of the Federal University of Minas Gerais Veterinary School, Belo Horizonte, MG. The
content of dry matter (DM) was determined in an oven at 105° (AOAC, method 934.01) and
mineral matter (MM) by combustion at 600°C (AOAC, 1990, method 942.05). Organic matter

(OM) was calculated as the difference in content before and after complete burning of the
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sample (OM = 100-MM). The nitrogen in the samples was determined by the Kjeldahl
method and its content was multiplied by 6.25 to calculate the crude protein (CP) (AOAC,
1990, method 991.20). The ether extract (EE) was determined by extracting substances
soluble in petroleum ether for 8§ hours using the Soxhlet method (AOAC, 1990, method
920.39). Neutral detergent fiber and acid detergent fiber concentrations were determined
according to Van Soest et al. (1991) using the Ankom 200 fiber analyzer (Ankom Technology
Corp, Fairport, NJ, USA).

2.2 Blood collection and analysis

During gestation, blood samples were collected at d 112, one hour before and one hour
after feeding, through jugular vein puncture using 40x1. 2 mm needles. Blood samples
collected were kept in tubes with sodium fluoride and centrifuged within 20 minutes after
collection to obtain plasma, while blood samples collected in tubes without sodium fluoride
were kept at room temperature for 2 h before centrifugation to obtain serum. Thus, plasma
and serum were obtained by centrifugation at 1500 % g for 15 min at room temperature using
a bench top centrifuge (80-2B; Centribio) and stored at -20 °C until analysis. Pre and
postprandial serum glycemia and creatinine, lactate, triglycerides, total proteins, pre and
postprandial plasma cholesterol were analyzed using a specific analyzer (COBAS MIRA
PLUS; Roche®) at Multilab-HV / UFMG, by means of commercial kits (Biotécnica®, MG,
Brazil).

2.3 Sow and litter performance

The litters were cross fostered within the same treatments after birth, considering the
number of teats of the sows, and the piglets were assisted in such a way that they were
guaranteed their first colostrum feedings. Oral lianol supplement and prolife energy
supplement was provided at the end of farrowing for each piglet. Castration of piglets
occurred at 7 days of age. Placental efficiency was measured using placental weight after
complete expulsion divided by litter weight (Van Rens et al., 2005). The sows’ milk
production was estimated from the equation suggested by Noblet and Etianne (1989): milk
production (Kg/day) = [(0.718 x piglet's daily weight gain (g) - 4.9) x number of piglets] /
0.19.

The sows were weighed at d 110 of gestation and 21 days after farrowing, and their

litters were weighed at weaning to measure the weight loss of the sows as well as the weight
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and weight gain of the piglets. The body score of the sows was evaluated using the Caliper.
The individual feed consumption of 24 sows per treatment was measured during the lactation
period, for that the feed leftovers were weighed at the end of each period to measure the daily
feed intake.

For wean to estrus interval evaluation, the boar was taken daily in the morning and in
the afternoon to the sow’s pens. Those sows that showed a positive reflex of tolerance to the

boar in the presence of them were considered in estrus.

2.4 Statistical analysis

Statistical analyzes were performed in SAS version 9.4 (SAS/STAT, SAS Institute Inc.,
Cary, NC). All data were tested for normality with the Shapiro-Wilk test, and any variables
that did not follow the normal distribution were transformed using the SAS RANK procedure
(SAS Inst. Inc., Cary, NC). The PROC RANK procedure with the NORMAL option was used
to produce a normalized transformed variable. The farrowing kinetics and litter performance
data were analyzed by the SAS MIXED procedure when significant by the T test (P<0.05).
The least square means were compared by the Tukey test (P<0.05) and the following model
was chosen:

Y ij=u+T ite ij,

where Y 1ij is an observation of unit j in treatment i, p is the general mean, T 1 is the
effect of dietary treatment, and € _1ij is the random error.

Plasma concentrations of glucose, creatinine, lactate, triglycerides, protein, cholesterol
and urea over time were analyzed by repeated measures using SAS PROC MIXED. The
variance-covariance matrix was modeled with the unstructured option in SAS, the following
model was chosen:

y_ijt= uta_i+d j@i) +y_t+(ay) itte (ijt),

where v _ijt is the concentration of blood metabolite measured at time t on the j-th sow
assigned to the i-th diet, p is the overall mean effect, a i is the i-th effect of the fixed diet,
d_j(i) is the random effect of the j-th sow in the i-th diet, y t is the fixed effect on the time the

measurement was performed, [(ay)] _itis the fixed interaction effect between diet and time,

¢_1jt the random error associated with the j-th sow assigned to the 1 -th diet at time t.
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3 Results

There was no effect (P>0.05) of different fiber sources on weight and body score of
the sows at d 110 of gestation, as well as the weight and body score at weaning did not
influence (P>0.05) milk production, range weaning coverage and weight loss in lactation. The
placental efficiency of sows fed with coffee husk was higher (P<0.05) than those fed with
soybean hulls, obtaining greater capacity for fetal nutrition via placenta (Table 3). The
placental efficiency of sows fed with coffee husk was higher (P<0.05) than those fed with soy

hulls, obtaining greater capacity for fetal nutrition via placenta (Table 3).

Table 3. Effects of different fiber sources on the performance of sows during gestation and

lactation.
Treatments

Items Conirol Micronized Soybean Coffee SEM Povalue

citrus pulp hull husk
Weight d 110 (kg) 283.1 277.1 278.1 280.2 6.32 0.523
Caliper score d 110 11.1 10.9 10.9 11.0 0.35 0.943
Weaning weight (kg) 253.1 248.2 249.8 250.7 7.32 0.756
Weaning Caliper score 10.77 10.4 10.6 10.2 0.32 0.415
Weight loss (%) 10.47 10.6 11.6 10.3 0.94 0.606
WEI (days) 3.85 3.7 3.8 3.9 0.14 0.934
Lactation feed intake (kg) 6.988 7.02 7.10 6.9 0.36 0.997
Farrowing duration (h) 7.4 7.5 7.8 7.9 21.38 0.636
Placental efficiency 5.2 ab 5.1ab 4.9b 5.4a 0.18 0.023
Milk production (kg) 10.0 10.1 10.5 10.1 0.29 0.510
WEI=

On litter performance (Table 4), fiber sources affect only the number of stillborn and
mummified piglets (P<0.05). Soybean treatment was higher than the control group. The
percentage of mummified piglets was higher (P<0.05) in the group treated with soybean hulls
(5.64%) when compared to those that received micronized citrus pulp (3.12%) and coffee

husk (2.61%).

Table 4. Influence of different fiber sources on litter performance

Treatments
Items Conirol Micronized Soybean Coffee SEM Povalue
citrus pulp hull husk
Total births 18.19 18.30 18.47 17.62 0.64 0.573
Lived births 15.88 15.61 15.09 15.71 0.59 0.697
Stillbirths 1.08b 1.33 ab 2.72a 1.29 ab 0.46 0.020
Mummified 3.75 ab 3.12b 5.64a 261D 0.74 0.018
Total litter weight (kg) 21.89 22.44 22.30 21.86 0.74 0.862
Average birth weight (kg) 1.28 1.30 1.30 1.29 0.03 0.892

Average weaned piglet 6.38 6.44 6.30 6.23 0.11 0.644
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weight (kg)
Weaned piglets (n) 12.02 12.13 12.37 12.17 0.21 0.707
% piglets < 1 kg 25.78 25.03 27.95 23.87 2.57 0.105

Line means followed by distinct capital letters differ by Tukey's test with P<0.05,
SEM=standard error of the mean.

Serum concentrations of glucose, creatinine, lactate, triglycerides, total proteins,
cholesterol, and urea were not influenced by treatments (P>0.05). However, in relation to time
of collect, the concentration of glucose and triglyceride was higher in postprandial moment
(P<0.05). Also, cholesterol concentration in the postprandial period was higher in pre-prandial
moment (P<0.05) (Table 5).

Table 5. Influence of different fiber sources on blood parameters of sows at d 112 of

gestation.
Glucose Creatine Lactacte Triglyc. Protein Cholesterol ~ Urea
(nmol/L) (umol/L) (mmol/L) (mg/L) (g/L) (mg/dL)  (nmol/L)
Fiber source
Control 54.07 2.71 36.27 56.24 7.96 65.53 25.50
Citrus pulp 53.33 2.50 35.73 68.47 7.55 67.59 22.85
Soybean hull 54.53 2.56 38.85 70.26 8.07 61.62 25.74
Coffee Husk 55.39 2.59 35.38 71.99 7.70 65.76 24.70
Moment
Pre-Prandial 48.75b 2.53 37.35 60.61b  8.05 67.74a 24.69
Postprandial 59.90a 2.65 35.76 72.88a  7.59 62.51b 24.71
P-value
Fiber source 0.295 0.597 0.650 0.099  0.500 0.377 0.280
Moment <0.001 0.147 0.795 0.003  0.090 0.004 0.755
Fiber*Moment  0.725 0.132 0.259 0.833  0.165 0.191 0.292
SEM 3.71 0.15 3.54 7.97 0.38 4.30 1.42

4 Discussion

In general, the fiber sources studded in the present study showed similar results, without
negatively affecting the performance of sows in the gestation phase, demonstrating that the
use of coffee husk or micronized citrus pulp presents promising results as alternatives to be
included in sow’s diets.

The fiber sources used in commercial nutritional diets for pregnant and lactating sows
differ from those analyzed in the present study, as soybean hulls and wheat bran are more
commonly used as fiber sources. Therefore, the variation in the results from this trial and
those obtained in the literature may be related to the fiber source used, the stage in which the
animals are, and the period of adaptation to the diets supply (Li et al., 2021).

One of the advantages of using dietary fiber in sows’ diets in the gestation period is the

ability to promote body weight within the appropriate range for farrowing and provide greater
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feed consumption in the lactation phase, and consequently better performance of the sow and
litter. However, in the present study, there was no difference for sow performance during
gestation and lactation, with the exception of placental efficiency, in diets containing fiber
sources (soybean hulls, coffee husks and citrus pulp), when compared to the control diet,
indicating that the control diet without fiber addition does not promote an alteration in sows
performance if it is formulated to meet the maintenance requirement of the animals and if it is
provided in the ideal amount, and that the inclusion of fiber sources in the diet it may not have
been enough to have any effect.

This result agrees with similar studies that also evaluated the effects of including fiber
in the gestation diets of sows, despite being different fiber sources (alfalfa bran, beet pulp,
konjac flour), and also found no differences between treatments for weight gain (Krogh et al.,
2015; Tan et al., 2017; Shang et al., 2021). But the work of Shang et al. (2021) showed that
the inclusion of beet pulp in the gestation diet of sows was able to reduce their weight loss
during the lactation period, unlike the current work, which may have happened due to the
different profile of soluble and insoluble fibers present in the fiber sources of the two works,
because the beet pulp is richer in soluble fibers, while the soybean hull, for example, is richer
in insoluble fibers.

In contrast to the present study, Sun et al. (2015) and Tan et al. (2015) reported that
fiber inclusion in gestation diets increased voluntary feed intake during lactation. This result
is associated with the insulin sensitization effect that improved insulin sensitivity, colonic
fermentation, and the generation of short-chain fatty acids (SCFA) exerts, especially through
the production of acetate, which can modulate sensitivity to insulin, reducing the flow of fatty
acids. In addition, it can act on the systemic circulation, reducing lipolysis and plasma
concentrations of FFA and, thus, improving insulin sensitivity (Fernandes et al., 2012).

In a study evaluating more than one cycle, using konjac flour, Tan et al. (2015)
observed increased feed intake at week 3 and days 1 to 21 of lactation compared to sows on
the control diet (P < 0.05). However, Quesnel et al. (2009) associate the consumption of
fibrous diets during the gestation period with a reduction in the level of circulating leptin, a
hormone secreted by adipose tissue that has a negative correlation with feed intake, what can
explain why the sows of the current word did not improve their feed intake.

Dietary fiber may also be associated with maintenance of body condition during
lactation, due to a possible increase in feed consumption (Tan et al., 2017, Sun et al., 2015, Li

et al., 2020). This, in turn, ensures less catabolism effect on body reserves, allowing for an
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efficient return to estrus. In review, Tian et al. (2020) mention that it is not common to
observe effects of fiber sources inclusion on the return to estrus in sows. The return to
cyclicity interval is directly related to the physical wear presented by the sow during the
lactation period. According to Schenkel et al. (2010), sows can lose up to 10% of their body
weight during lactation without any loss in subsequent reproductive performance and 90% of
sows return to estrus between 3 and 5 days after weaning, values close to those observed in
this work, but not enough to assure a difference between treatments in this case.

In the literature, there are studies on the inclusion of fiber in the diets of sows to
evaluate the effects on milk production and composition. Leblois et al. (2018) analyzed the
inclusion of 33% digestible starch (control) and 33% pea starch (resistant starch), on the fecal
microbiota and milk composition in sows during pregnancy and lactation. At the end of the
research, the authors concluded that the diet containing resistant starch provided the
modulation of the fecal microbiota of sows during the gestation period, promoting an increase
in the Firmicutes:Bacteroidetes ratio, in addition to a significant increase in bacteria of the
genus Bifidobacterium, which are essential for a healthy microbiota, and consequently greater
productive capacity of sows. However, in the lactation period of this work, the
aforementioned effects were absent and there was no difference on milk quality. The use of
fiber sources evaluated in the present study did not promote significant results on milk
production, probably because the other performance parameters did not show any differences,
and these parameters are corelated.

Placental efficiency, that is, the capacity for fetal nutrition, is extremely important
during the gestation period, because it is through this mechanism that the sow passes on the
nutrients necessary for the development of the fetus, what could be related to the performance
of the neonate in the postpartum period Zhuo et al. (2017). In the present study, sows that
consumed diets containing coffee hulls showed higher placental efficiency when compared to
the control diet and the other fiber sources, while the sows that consumed soybean hull diets
showed the lower placental efficiency, which is confirmed with the highest number of
stillborns and mummifieds also presented in this treatment. Soybean hull may have reduced
the digestibility of the diet to the point that the sows did not have enough nutrients to pass to
the piglets.

Li et al. (2020), when using inulin, found an effect on the reduction of stillbirth rate.
The fibrous fraction of soybean hulls with 5.6% of soluble fiber, when compared to the

control diet based on corn and soybean meal (1.19 and 2.95% of soluble fiber, respectively),
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can directly affect the intestinal transit speed, increasing the retention time of digesta in the
gastrointestinal tract, delaying gastric emptying at farrowing, which may be related to a higher
stillbirth rate. In this research the fiber source directly influenced the number of stillbirths.
The control diet and the diets with citrus pulp and coffee husks showed lower stillbirth and
mummified rate compared to the diet containing soybean hulls. Soybean hulls have about
70.69% insoluble fiber, when compared to citrus pulp (11.73%) and coffee husk (29%)
(Pascoal and Watanabe, 2014). Insoluble fiber decreases digesta retention time and,
consequently, nutrient absorption, which may be associated with a higher incidence of
mummified piglets.

In this research, with respect to collection moment, the concentration of glucose,
cholesterol, and triglycerides in the postprandial period were higher than in in pre-prandial
period. This result was expected as the postprandial moment is followed by greater
availability of circulating glucose. Fiber acts by delaying these nutrients absorption, in
addition to altering the levels of insulin in the animals’ blood (Xu et al., 2020). Authors such
as Quesnel et al. (2009) observed a higher level of circulating glucose in sows fed diets with
higher fiber content approximately up to 60 minutes after feeding, which was not observed in
the present study, showing, again, that the fiber amount in the diets might not have been
enough.

The drop in cholesterol in the postprandial period confirms the theories of Gunness et
al. (2016) that the retention of cholic acid (present in bile) in the sow’s digesta is due to the
adsorption effect produced by fiber sources (it has greater significance in pectic fibers, such as
the predominant one in citrus pulp). Cholic acid eliminated in the feces implies endogenous
mobilization of cholesterol for the synthesis of this substance, since it is the biochemical
precursor). The use of fiber in the diet is closely related to a drop in blood cholesterol
measured for this reason.

The creatinine and lactate concentrations did not show significant results, these
parameters are directly related to the increase in muscle catabolism and carbohydrate
metabolism (Pang and Boisen, 2007). As observed in the present study, the non-occurrence of
difference for these parameters can be justified by the absence of difference in the weight and
body score of the sows at d 110 of gestation. Total proteins and urea are directly linked to
dietary protein consumption and metabolism (Gonzdlez and Silva 2006). As the animals were
fed maintaining the same energy/lysine ratio and by the performance data of the sows at 110

days of gestation, this result was expected



45

5. Conclusion
The fiber sources did not change the reproductive and productive parameters and blood
metabolites of the sows. Therefore, fibers from soybean hull, coffee husk and micronized

citrus pulp can be used in the pregnant sows diets without compromising their performance.
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