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RESUMO

“DESEMPENHO DA FEMEA E DE LEITEGADAS DE DIFERENTES PESOS
EQUALIZADAS NA LACTACAO COM LEITOES EXCEDENTES AO NUMERO
FUNCIONAL DE TETOS”

Autora: Laura dos Santos
Orientador: Prof. Rafael da Rosa Ulguim
Coorientadora: Prof. Ana Paula Gongalves Mellagi

O presente estudo avaliou os efeitos da equalizacdo de leitegadas de diferentes pesos e numero
de leitBes em relagdo aos tetos funcionais, sobre o desempenho da fémea suina e dos leitdes
durante a lactacdo. As leitegadas (n = 183) foram distribuidas em experimento fatorial 2x2
incluindo o peso das leitegadas (Leve: 0.955 — 1.289 kg e Pesada: >1.399 — 1.935 kg) e 0
numero de leitGes/tetos funcionais (IGUAL e EXC+1), formando quatro grupos: Leve IGUAL
(leitegadas leves com 0 mesmo numero de leitdes e tetos funcionais); Leve EXC+1 (leitegadas
leves com um leitdo excedente ao numero de tetos funcionais); Pesada IGUAL (leitegadas
pesadas com 0 mesmo numero de leitdes e tetos funcionais); Pesada EXC+1 (leitegadas pesadas
com um leitdo excedente ao numero de tetos funcionais. Avaliacdes da condicdo corporal da
fémea, contagem do numero de tetos e lesdes no complexo mamario foram realizadas. Os
leitdes foram pesados e avaliados quanto a lesdes de face, corpo e articulagdo. Um subgrupo
(n=21 leitegadas), foi avaliado por um periodo de 24 h ap6s a equalizacdo e no D5 para
avaliacBes comportamentais. As andlises foram realizadas pelo software SAS utilizando o
procedimento GLIMMIX. Variaveis continuas foram comparadas pelo teste de Tukey-Kramer,
variaveis frequéncia foram analisadas considerando distribuicdao binomial. As fémeas perderam
mais unidades de caliper em leitegadas pesadas (-0.39; P = 0.05). O nimero de tetos funcionais
ndo diferiu entre os grupos ao longo da lactacdo, no entanto, as fémeas do grupo EXC+1
apresentaram menos tetos ociosos ao longo da lactagdo (P < 0.04). Fémeas com leitegadas
pesadas apresentaram escore de lesdes mais severas no complexo mamario no D5 e D20 (P <
0.02). Os parametros de desempenho da leitegada ao longo da lactacdo ndo apresentaram
diferengas para o numero de leitdes/teto funcional. Leitegadas pesadas apresentavam maior
peso ao desmame e GPD em relagédo a leitegadas leves. No dia 20 de lactagdo, ndo houve

diferenca no nimero total de leitbes desmamados nas diferentes categorias de peso da leitegada,
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namero de leitdes por tetos funcionais ou interacdo entre eles (P = 0,08). Nao foram observadas
diferencas para a mortalidade pré-desmame dos leitdes (P > 0.60). Porém, o percentual de
remocao pré-desmame dos leitdes foi maior para leitegadas EXC+1 em relacdo a IGUAL (P <
0.01). LesOes faciais, corporais e articulares foram observadas com maior frequéncia em
leitegadas pesadas, independente do nimero de leitdes/teto funcional. Leitegadas com um leitdo
adicional apresentaram maior nimero de disputas por tetos no dia 1 (P = 0.04), nao diferindo
para o dia 5 (P > 0.35). Em concluséo, fémeas com um leitdo excedente ao numero funcional
de tetos, tendem a desmamar um maior nimero de leitbes, porém, com uma maior taxa de
remocdo pré-desmame. A inclusdo de leites excedentes ndo afetou o desempenho e

mortalidade de leitbes, independendo do peso da leitegada no momento da equalizacéo.

Palavras-chave: uniformizacéo; lesdo; mamada; hiperprolificidade; sobrevivéncia.



ABSTRACT

“PERFORMANCE OF SOWS AND THE LITTERS EQUALIZED WITH
DIFFERENT WEIGHTS AND WITH SURPLUS PIGLET THE FUNCTIONAL
NUMBER OF TEATS”

Author: Laura dos Santos
Advisor: Rafael da Rosa Ulguim

Co-advisor: Ana Paula Gongalves Mellagi

The present study evaluated the effects of equalization of litters of different weights and number
of piglets in relation to functional teats on the performance of sows and piglets during lactation.
The litters (n = 183) were distributed in a 2x2 factorial experiment, including the weight of the
litters (Light: 0.955 — 1.289 kg and Heavy: >1.399 — 1.935 kg) and the number of
piglets/functional teats (EQUAL and EXC+1), forming four groups: Light EQUAL (light litters
with the same number of piglets and functional teats); Light EXC+1 (light litters with a piglet
exceeding the number of functional teats); EQUAL heavy (heavy litters with the same number
of piglets and functional teats); Heavy EXC+1 (heavy litters with a piglet exceeding the number
of functional teats. Evaluations of the sow's body condition, number of teats, and lesions in the
mammary complex were performed. The piglets were weighed and evaluated for face, body,
and joint injuries. A subgroup (n=21 litters) was assessed for a 24 h period after equalization
and at D5 for behavioral assessments. Analyzes were performed by SAS software using the
GLIMMIX procedure. Continuous variables were compared using the Tukey-Kramer test, and
frequency variables were analyzed considering binomial distribution. Females lost more
caliper units in heavy litters (-0.39; P = 0.05). The number of functional teats did not differ
between groups throughout lactation, however, sows in the EXC+1 group had fewer idle teats
throughout lactation (P < 0.04). Females with heavy litters scored more severe lesions in the
mammary complex at D5 and D20 (P < 0.02). The litter performance parameters during
lactation did not show differences in the number of piglets/functional teats. Heavy litters had
higher weaning weight and ADG than light litters. On day 20 of lactation, there was no
difference in total number of piglets weaned in the different categories of litter weight, number
of piglets by functional teats, or their interaction (P = 0.08). No differences were observed for
pre-weaning piglet mortality (P > 0.60). However, the percentage of pre-weaning removal of
piglets was higher for EXC+1 than EQUAL litters (P < 0.01). Facial, body and joint injuries
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were observed more frequently in heavy litters, regardless of the number of piglets/functional
teats. Piglets with an additional piglet had a higher number of teat fights on day 1 (P = 0.04),
not differing for day 5 (P > 0.35). In conclusion, sows with a piglet exceeding the functional
number of teats tend to wean a greater number of piglets, however, with a higher pre-weaning
removal rate. Including surplus piglets did not affect piglet performance and mortality,

regardless of litter weight at the time of equalization.

Keywords: cross-fostering; lesion; nursing; hyperprolificacy; survival.
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1 INTRODUCAO

Com o avan¢o do melhoramento genético das fémeas suinas, as mesmas se
tornaram mais prolificas aumentando o tamanho de sua leitegada (KEMP; DA SILVA,
SOEDE, 2018). De acordo com Tokach et al. (2019), houve um aumento de 4,5 leitGes
por leitegada em 13 anos. Em um cenario brasileiro, o total de nascidos vivos aumentou
significativamente, sendo observado em 2008 uma média de 12,7 leitGes e em 2021 de
15,5 leitdes nascidos vivos, um acréscimo de 2,8 leitbes nas granjas de melhor
desempenho (AGRINESS, 2021). No cenario americano observa-se uma média geral
superior a citada anteriormente, sendo uma média de 16,5 leitbes nascidos vivos em
granjas de melhor desempenho (PIGCHAMP, 2022). O desafio nessa situagdo é
proporcionar que todos os leitGes tenham acesso aos tetos, garantindo o consumo de
colostro e leite durante a mamada. O nimero de pares de tetos e as caracteristicas dos
tetos é um parametro importante a ser considerado no momento de selecdo de uma matriz
(BOVO etal., 2021). Atualmente, as empresas de genética buscam selecionar leitoas com
mais de 14 tetos (BOVO et al., 2021; CHALKIAS; RYDHMER; LUNDEHEIM, 2013).
Porém, ao longo da vida produtiva, muitas fémeas perdem tetos viaveis durante a
lactacdo, devido a lesdes no aparelho maméario (RUTHERFORD et al., 2013), reduzindo
0 namero de tetos funcionais disponiveis. De forma geral, as fémeas suinas possuem entre
13 a 15 tetos funcionais (KIM et al., 2005; LUNDEHEIM; CHALKIAS; RYDHMER,
2013; EARNHARDT, 2019). Portanto, estima-se que um percentual relevante de fémeas
possui um nimero maior de leitdes em relacdo a disponibilidade de tetos funcionais.

Leitegadas maiores possuem ainda uma maior variagdo de peso entre os leitdes

podendo prejudicar a ingestdo de colostro e a mamada dos leitGes pequenos (QUINIOU,;
DAGORN; GAUDRE, 2002; BAXTER et al., 2008). A competicdo de acesso ao teto
da fémea € o principal fator que prejudica a mamada de leitdes pequenos, ocasionando
lesBes corporais nos leitdes e nos tetos das fémeas em funcéo das brigas (ROBERT;
MARTINEAU, 2001). Esses fatores estdo diretamente relacionados ao aumento da taxa
de mortalidade pré-desmame, visto que grande parte dos leitdes pequenos morrem por
esmagamento e inanicdo (VANDE POL et al., 2021b). Nesse sentido, muitas granjas
realizam a equalizacdo das leitegadas como estratégia para reduzir a mortalidade,
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melhorar a taxa de sobrevivéncia pré-desmame e desempenho dos animais (HEIM et
al., 2012).

Geralmente a equalizacao de leitegadas é realizada quando o numero de leitbes
nascidos vivos excede o nimero de tetos funcionais/fémea (ALEXOPOULOS et al.,
2018a). Essa estratégia compreende a retirada de leitdes de uma leitegada mais
numerosa para uma leitegada menos numerosa e/ou a formacdo de novas leitegadas,
buscando manter homogeneidade de peso e do nimero de leitdes em relagcdo aos tetos
funcionais (NEAL; IRVIN, 1991; ROBERT; MARTINEAU, 2001). Quando
uniformizamos os leitdes de acordo com a categoria de peso, temos o intuito de
equilibrar as disputas de acesso ao teto e aumentar a taxa de sobrevivéncia (HEIM et al.,
2012). Quando a transferéncia envolve leitbes mais leves, observa-se maiores taxas de
mortalidade e maior variacdo de peso entre os leitdes. No entanto, quando a
transferéncia envolve leitbes mais pesados, ndo existem diferencas significativas que
afetam o desempenho e sobrevivéncia dos leitbes (FERRARI et al., 2014).

Na transferéncia de leitbes entre leitegadas, é importante considerar desafios que
podem comprometer o desenvolvimento dos leitbes. A ingestdo de colostro na mée
biologica permite a aquisicdo de imunidade celular, sendo necessario garantir esse
processo. Nesta linha de pesquisa, a maioria dos estudos utilizam leitGes adotados,
podendo comprometer a imunidade celular dos leitbes transferidos (QUESNEL;
FARMER; DEVILLERS, 2012), se um protocolo basico de tempo de acesso ao colostro
na mde ndo for seguido. Além disso, a transferéncia de leitdes entre leitegadas
proporciona uma maior disseminacdo de patégenos (DEE et al., 1996) e disputas por
definicdo de tetos nas primeiras horas apds a equalizacdo (HEIM et al., 2012). Sendo
assim, a manutencdo de leitegadas bioldgicas tem sido uma tendéncia, permitindo
reduzir a disseminacdo de patogenos entre leitegadas, bem como as disputas por tetos e
perda de mamadas (DEE et al., 1996; ROBERT; MARTINEAU, 2001; HEIM et al.,
2012).

Além da equalizagdo, alternativas para acomodar o maior namero de leitdes em
relacdo ao numero funcional de tetos normalmente séo pautadas na formacéo de maes
de leite, com o intuito de facilitar a equalizagéo e a disponibilidade de tetos (SCHMITT
etal., 2019b). O aleitamento artificial com o uso de sucedaneos também é uma estratégia
utilizada (KOBEK-KJELDAGER et al., 2021). No entanto, ndo sdo totalmente eficazes

e trazem consigo desafios inerentes a cada modelo de manejo adotado.
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Observamos na literatura, que ha diferentes modelos de equalizacéo, mas ndo ha
uma recomendacdo padronizada sobre este manejo, principalmente focado em
leitegadas numerosas. Alguns poucos estudos avaliaram na lactacdo os impactos da
manutencdo de leitdes supranumerérios em relagdo ao numero funcional de tetos. Os
estudos indicam um aumento na taxa de mortalidade devido a maior competicéo pelo
acesso ao teto, disputas, lesdes e inani¢do, que podem culminar com a morte do leitdo
(VANDE POL et al., 2021; SASAKI et al., 2022). De acordo com Vande Pol et al.
(2021b), ao acrescentar dois leitdes em relacdo ao nimero de tetos funcionais, a
sobrevivéncia pré-desmame dos leitdes foi prejudicada. Por outro lado, os autores
observaram que as leitegadas com leitdes excedentes tinham um numero maior de
leitbes desmamados do que leitegadas com o mesmo ndmero de leitbes e tetos
funcionais. O estudo previamente citado foi realizado em leitegadas 100% adotadas e
sem diferenga de peso no momento da equalizagéo.

Sendo assim, uma alternativa préatica que evite a movimentacdo de leitdes entre
leitegadas no manejo de equalizacdo, seria remover somente os leitdes excedentes de
leitegadas bioldgicas. Nesse caso, € importante ainda avaliar 0os impactos da manutencao
de leitdes supranumerarios ao numero de tetos funcionais, considerando que o0s
protocolos atualmente disponiveis indicam que a equalizacdo deve ser realizada
mantendo o mesmo numero de leitbes e tetos. Com isso, o objetivo do trabalho foi
avaliar o desempenho e sobrevivéncia dos leitdes em leitegadas biol6gicas com um
leitdo excedente ao nimero funcional de tetos considerando leitegadas leves ou pesadas
apos a remocdo de leitdes excedentes. Os impactos sobre a condi¢do corporal, retomada

da atividade ciclica das fémeas também foram avaliados.
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2. REVISAO BIBLIOGRAFICA

2.1 Aumento das leitegadas e sua relacdo com o nimero de tetos

Ao decorrer dos anos as fémeas suinas aumentaram sua capacidade de producédo de
leitbes. De acordo com Rutherford et al. (2011), entre 1996 e 2009, o nimero de leitbes nascidos
aumentou 33% e o0 numero de leitdes desmamados 23%. Com isso, observa-se que entre 2004
a 2021 o numero de leitdes desmamados/fémea/ano aumentou em 4,6 leitdes (PFIGCHAMP,
2004, 2021). Esse aumento consideravel do nimero de leites desmamados esté relacionado ao
aumento do namero de nascidos/leitegada. Dados do PigCHAMP, demonstravam em 2004 que
as fémeas suinas produziam em média 11,5 leitGes /leitegada e em 2022, 15,4 leitGes/leitegada.
Vaérios fatores podem determinar o tamanho da leitegada como taxa de ovulacdo, taxa de
concepgdo e sobrevivéncia fetal (RUTHERFORD et al., 2011). Contudo, caracteristicas como
tamanho da leitegada possuem baixa herdabilidade, por isso para que essa caracteristica seja
melhorada é necessario além da selecdo genética, aprimorar manejos, nutricao e a sanidade dos
animais (TOKACH et al., 2019; MARTINS et al., 2022).

O aumento do namero de leites nas leitegadas, trouxe impactos no peso ao nascer, em
taxas de mortalidade e além disso, na falta de tetos disponiveis para todos os leitdes
(MILLIGAN; FRASER; KRAMER, 2002; GOURLEY et al., 2020; VANDE POL et al.,
2021b). Esse fator esta relacionado a capacidade reprodutiva da fémea e impacta diretamente
no numero de leitdes desmamados (MOSCATELLI et al., 2020). Embora o numero de tetos
tenha evoluido com o avango genético, ainda assim de forma geral o nimero total de leitdes
excede a quantidade de tetos disponiveis.

A herdabilidade para quantidade de niumero de tetos possui consideravel variabilidade
entre racas e linhagens (FELLEKI; LUNDEHEIM, 2015; DALL’OLIO et al., 2018). Sendo
assim, embora a quantidade de nimero de tetos tenha aumentado, muitas vezes essa quantidade
é relativamente menor que o nimero de leitdes presentes na leitegada. De acordo com Earnhardt
(2019), em média o numero de tetos das fémeas suinas ao parto é de 14,9 e ao desmame de
14,4. No entanto, nem todos os tetos sdo funcionais, ou seja, produzem e liberam com sucesso
o leite, possibilitando a mamada dos leitdes. Exemplo de disfuncdo sdo os tetos invertidos ou
tetos adicionais que sdo muito pequenos (LUNDEHEIM; CHALKIAS; RYDHMER, 2013;
ALEXOPOULOS et al., 2018). Assim, a média estimada de tetos funcionais ao parto € 13,9 e
ao desmame 13,0 (EARNHARDT, 2019). Essa perda de tetos ao longo da lactagdo € explicada
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por mastites, traumas e lesdes no aparelho mamario da fémea, causadas por disputas entre
leitbes no momento da mamada (RUTHERFORD et al., 2013).

2.2 Importéncia do peso ao nhascer sobre a produtividade dos leitdes

O peso ao nascimento € considerado um fator importante para facilidade de acesso ao
teto, garantia de consumo de colostro e leite e, por consequéncia, para o desempenho dos
animais. Alguns fatores podem influenciar nessa caracteristica, como a hiperprolificidade das
fémeas (MILLIGAN; FRASER; KRAMER, 2002; QUINIOU; DAGORN; GAUDRE, 2002),
ordem de parto (QUESNEL et al., 2008), crescimento intrauterino (BERARD et al., 2010) e
nutricdo da fémea (CAMPOS et al., 2012). No entanto, é fato que ao longo de alguns anos o
peso médio ao nascimento reduziu, aumentando o nimero de leitdes abaixo de 1 kg (QUINIOU;
DAGORN; GAUDRE, 2002).

Leitdes leves (< 1 kg) tendem a apresentar maior dificuldade ou demorar mais para
mamarem o colostro. Além de possuirem a capacidade de termorregulacdo comprometida
(BAXTER et al., 2008), possuem menor habilidade motora o que pode impactar na disputa pelo
melhor teto e consequentemente na sobrevivéncia (LE DIVIDICH, 1999; VANDEN HOLE et
al., 2018). Apresentam ainda, potencial para crescimento reduzido e baixa qualidade de carcaca
quando comparado a leitdes mais pesados (FOXCROFT et al., 2009).

Riddersholm et al. (2021), indicaram que conforme o nimero de leitdes por leitegada
aumenta, o peso corporal individual diminui. Os autores relataram que a cada leitdo adicional
na leitegada o peso médio ao nascer diminuiu 19,5 g para leitGes de primiparas e 21,7 g para
leitdes de multiparas. Além disso, ao menos um leitdo nascido vivo apresenta peso corporal
inferior a 500 g, e um leitdo apresenta peso superior a 2.100 g (RIDDERSHOLM et al., 2021).
Nesse mesmo sentido Quiniou, Dagorn e Gaudré (2002), ao analisarem leitegadas maiores (>
16 leitBes) observaram que elas apresentavam uma reducao do peso médio ao nascer em relacao
a leitegadas menores (> 11 leitdes), 1,26 kg vs. 1,59 kg, respectivamente. Essa diferenca
equivale a diminuicdo média de 35 g por cada leitdo adicional na leitegada. Feldpausch et al.
(2019), avaliaram um conjunto de dados e observaram que 15,2% dos leitbes tiveram peso ao
nascer inferior a 1,11 kg. Alguns estudos relatam que a diminuicdo no peso corporal,
principalmente em leitegadas maiores pode estar relacionada a uma menor oferta de
nutrientes/fluxo sanguineo ao feto durante o periodo final da gestagio (PERE; ETIENNE, 2000;
QUINIOU; DAGORN; GAUDRE, 2002).
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Em relag&o ao desempenho nas fases subsequentes, Magnabosco et al. (2015) avaliaram
o desempenho de leitdes pertencentes a oito classes de pesos ao nascer, variando entre 410-990
g a 1780-2400 g. Os autores observaram que 52% a 57% dos leitdes das trés classes mais leves
de peso (410-1280 g) subiram de categoria de peso. Porém, 60 a 67% dos leitdes das duas
classes mais pesadas (1620-2400 g) tiveram uma reducdo na categoria de peso. Apesar dos
leitbes mais leves apresentarem uma capacidade parcial de compensacdo de peso nas fases
subsequentes como creche e terminacdo, continuaram com menor peso em relacdo aos leitdes
que nasceram mais pesados (MAGNABOSCO et al., 2015). Nesse mesmo sentido, Rehfeldt &
Kuhn (2006) buscaram avaliar a influéncia do peso ao nascer no desempenho subsequente de
leitbes nascidos com baixo (<1,2 kg), médio e alto peso (> 1,6 kg). Leitbes de baixo peso
tiveram seu desempenho comprometido até o abate em relacdo a leitdes de médio e alto peso
(106,1 kg, 114,3 kg e 116,0 kg, respectivamente). Esse resultado pode ser explicado pelo menor
namero de fibras musculares que os leitbes de baixo peso desenvolvem ao longo do seu
crescimento (REHFELDT; KUHN, 2006).

2.3 Fatores que influenciam a mortalidade pré-desmame dos leitdes

Altos indices de mortalidade pré-desmame impactam negativamente a producdo de
suinos. Essa perda pode representar 10 a 15% dos leitdes nascidos vivos (FELDPAUSCH et
al., 2019; VANDE POL et al., 2021b). De acordo com Koketsu, lida e Pifieiro, (2021), ao longo
de uma década a mortalidade pré-desmame aumentou de 11,9% para 14,4%. Sao varios 0s
fatores que podem influenciar a mortalidade pré-desmame como a ordem de nascimento,
namero de nascidos, peso ao nascer, variabilidade do peso ao nascimento e consumo de colostro
(MILLIGAN; FRASER; KRAMER, 2001; PANZARDI et al., 2013; FERRARI et al., 2014;
FELDPAUSCH et al., 2019; KOKETSU; IIDA; PINEIRO, 2021b).

O peso ao nascimento é um dos indicadores mais importantes quando nos referimos a
mortalidade pré-desmame (FELDPAUSCH et al., 2019). Os neonatos possuem dificuldade em
manter sua termorregulagdo, sendo necessario exp6-los a uma fonte de aquecimento. Quando
isso ndo ocorre os indices de mortalidade na fase neonatal podem ser altos (HERPIN; DAMON;
LE DIVIDICH, 2002). Segundo Pedersen et al. (2011), quanto menor a temperatura retal apos
0 nascimento, maiores sdo as chances de o leitdo morrer por esmagamento ou fome. Leitdes
hipotérmicos possuem menor viabilidade fazendo com que sejam menos capazes de se

esquivarem de movimentos das fémeas. Esses fatores podem acarretar em um percentual maior



18

de mortes por esmagamentos (ANDERSEN; HAUKVIK; BZE, 2009; PEDERSEN et al.,
2011). Além disso, esses leitdes possuem maior dificuldade em acessar e disputar o teto no
momento da mamada, impactando diretamente no consumo adequado de colostro (FERRARI
et al., 2014). Quiniou, Dagorn e Gaudré (2002), compararam leitdes de baixo peso ao nascer
com leitbes de alto peso ao nascer, e observaram uma diferenca de 19,5% na taxa de
sobrevivéncia até o desmame (74,5% vs. 94,0%, respectivamente). Nesse mesmo sentido,
Feldpausch et al., (2019) observaram que leitbes com peso ao nascimento inferior a 1,1 kg
tiveram taxas de mortalidade pré-desmame quatro vezes maiores do que os leitbes com peso ao
nascimento superior a 1,1 kg (34,4% vs. 8,2%, respectivamente). Além disso, leitGes de baixo
peso ao nascer possuem risco de morte 5,9 vezes quando comparado com leitdes de alto peso
ao nascer (FELDPAUSCH et al., 2019). Outro ponto importante € alta variacdo de peso ao
nascer das leitegadas, essa caracteristica tende a favorecer com que os leitdes apresentem
menores chances de sobrevivéncia, visto que leitdes maiores possuem vantagem no momento
da mamada, fazendo com que leitdes pequenos tenham dificuldade em mamar adequadamente
(MILLIGAN; FRASER; KRAMER, 2001).

Além disso, a mortalidade aumenta conforme o nimero de leitdes na leitegada aumenta
(KOKETSU; IIDA; PINEIRO, 2021a). De acordo com Kilbride et al. (2012), a mortalidade
aumentou de 8,6 para 23,3% quando o tamanho da leitegada aumentou de < 10 para > 14
leitbes/leitegada. Isso tem sido associado ao nascimento de leitdes menores e mais fracos, maior
competicdo pelos tetos e dificuldade no acesso ao teto para ingestdo de leite (KOKETSU;
TAKENOBU; NAKAMURA, 2006; CECCHINATO et al., 2007). Esses dados corroboram
com Nuntapaitoon & Tummaruk (2018), que observaram associa¢do da mortalidade pré-
desmame com o numero de leitdes presentes na leitegada, assim como ao peso ao nascimento.
A medida que o tamanho da leitegada aumenta, a mortalidade também aumentou. E conforme
0 peso ao nascer aumenta, a mortalidade diminuiu.

Assim, as estratégias de reducao da mortalidade pré-desmame normalmente sao focadas
em leitegadas numerosas e nos leitdes de baixo peso. Essas estratégias devem atender condicdes

de praticidade na rotina produtiva e também questdes de recursos financeiros a serem aplicados.

2.4 Estratégias para melhoria de desempenho e sobrevivéncia de leitdes na lactacio

2.4.1 Maes de leite
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O numero de leitdes excedentes em relacdo ao numero funcional de tetos é relatado
como condicdo que dificulta o acesso de leitdes menores ao teto o que resulta no menor
consumo de colostro/leite, menores taxas de sobrevivéncia e menor desempenho (MILLIGAN;
FRASER; KRAMER, 2001; BAXTER etal., 2008; FERRARI et al., 2014). Uma das estratégias
utilizadas para reduzir o excesso de leitdes na fémea e melhorar a sobrevivéncia dos mesmos,
¢ a utilizacdo de méaes de leite, ou seja, fémeas que adotam leitdes de outra leitegada (BAXTER
etal., 2013).

Segundo Baxter et al. (2013), existem dois tipos de estratégias que envolvem mées de
leite chamados de “um passo” e “dois passos”. A estratégia de “um passo” envolve selecionar
fémeas que foram recém-desmamadas para receber leitbes recém-nascidos oriundos de
leitegadas numerosas. Nesse manejo a fémea permanece com esses leitbes mais uma lactacao,
ou seja, em média trés a quatro semanas. Ja a estratégia de “dois passos”, uma fémea com uma
semana de lactaco é transferida para receber leitdes com até 24 horas de vida. Os leitdes dessa
fémea séo alocados em uma fémea desmamada.

Houben, Tobias e Holstege (2017), avaliaram a estratégia de mae de leite associado ao
fornecimento de um sucedéneo de leite. Leitegadas oriundas de lactacGes simples, ou seja, sem
mée de leite, apresentaram maior mortalidade em relacdo ao grupo de mée de leite e
fornecimento do sucedaneo (7,13% vs. 5,10%, respectivamente). Schmitt et al. (2019b)
encontrou resultados semelhantes ao observaram que a sobrevivéncia dos leitdes criados por
mées de leite ndo foi afetada, em relacéo a leitegadas que ndo utilizaram maes de leite. O peso
dos leitBes até o terceiro dia de vida foi maior para aqueles amamentados pelas mées de leite.
Ao desmame ndo houve diferenca significativa para o peso dos leitbes entre os grupos. Em
contraste, hd uma preocupacao em relacao ao risco de inanicdo que os leitbes podem passar até
a aceitacdo da fémea com a leitegada. Visto que geralmente a primeira mamada bem sucedida
ocorre entre 4 a 12 horas apds a transferéncia para a mée de leite (KOBEK-KJELDAGER et
al., 2020b; SCHMITT et al., 2019c).

A separacao do leitdo da mée bioldgica pode causar grande estresse, sendo que quando
ele migrar para outra fémea, teré que reestabelecer a ordem dos tetos e criar um vinculo com a
nova mae (BAXTER et al., 2013). De acordo com De Passille, Rushen e Hartsock (1988), até
o terceiro dia de lactagdo os leitdes ja definiram em qual teto irdo mamar durante toda a lactagéo.
Geralmente, quando utilizado a estratégia de mae de leite de “um passo”, essa separagdo e
reestabelecimento da ordem dos tetos é menos estressante. Porém, ao utilizar o manejo de “dois

passos” que compreende a transferéncia dos leitdes apos quatro a sete dias do parto, o estresse
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é maior, justamente por ja terem desenvolvido a ordem de tetos (BAXTER et al., 2013). Além
disso, hd uma maior frequéncia de disputas por tetos em leitdes criados nas maes de leite em
comparacdo com leitegadas bioldgicas (SCHMITT et al., 2019c; KOBEK-KJELDAGER et al.,
2020b).

As mées de leite passam mais tempo em lactacdo (SCHMITT et al., 2019b) e podem
sofrer catabolismo lactacional exacerbado esperando-se, portanto, efeitos negativos no estado
corporal das mesmas. No entanto, no estudo de Schmitt et al. (2019b) diferencas significativas
na condigao corporal das maes de leite ndo foram observadas quando duas semanas adicionais
de lactagdo foram realizadas. Porém, o estudo utilizou fémeas em boas condi¢des corporais 0
que pode ter mitigado o efeito real de uma lactagdo prolongada. Outras preocupacdes
relacionadas ao uso de mées de leite € o maior risco dessas fémeas apresentarem problemas
locomotores e lesbes de Ubere (KOBEK-KJELDAGER et al., 2020b; SORENSEN et al., 2016)
e prejuizos no desempenho subsequente (HOUBEN; TOBIAS; HOLSTEGE, 2017). O nimero
de leitdes nascidos totais foi menor em maes de leite comparado a outras que nao passaram por
esse manejo, 16,2 vs. 17,2, respectivamente (HOUBEN; TOBIAS; HOLSTEGE, 2017).

Outro ponto importante na utilizacdo de méaes de leite é o intervalo entre partos das
fémeas. Maes de leite passam por lactagdes mais longas, afetando o intervalo desmame-estro,
além de aumentar o intervalo entre partos, diminuindo o nimero de partos/fémea/ano (XUE et
al., 1993; BRUUN et al., 2016; HOUBEN; TOBIAS; HOLSTEGE, 2017). De acordo com
Bruun et al. (2016), as mdes de leite desmamam menos leitbes em relacdo as maes
convencionais (11,6 leitGes vs. 12,4 leitdes). Além disso, quando o percentual de méaes de leite
no plantel é alto, hd uma reducdo no aproveitamento dos espacos na maternidade, reduzindo o
namero de leitbes desmamados/gaiola. Visto que o espaco que a mée de leite ocupa, faz com
que outra fémea convencional deixe de utilizar, consequentemente tendo que reduzir o nimero
de fémeas cobertas por lote (GREY, 2020). No entanto, essa pratica ndo é observada nos
sistemas que utilizam o manejo em bandas, permitindo melhor aproveitando das instalaces
(FONTANA et al., 2015).

Outra implicacdo referente a utilizacdo de mées de leite é a disseminacdo de agentes
patogénicos. Segundo Garrido-Mantilla, Culhane e Torremorell (2020), este manejo pode
facilitar a transmisséo do virus da Infuenza A entre fémeas em lactacéo e leitdes lactentes. Nesse
sentido, Garrido-Mantilla et al. (2021) observaram que leitegadas alojadas em méaes de leite
apresentavam maior nimero de leitGes positivos para o virus da Influenza A aos dois dias apds

a adocdo, em relacdo ao grupo controle (30,2% vs. 14,9%, respectivamente). Esses resultados
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corroboram com Garrido-Mantilla, Culhane e Torremorell (2020), que observaram que um em
cada oito leitdes (12,5%) testaram positivo para o virus da Influenza A no primeiro dia apds a
transferéncia para a mae de leite. E ao quarto dia, toda a leitegada tornou-se positiva para o

virus.

2.4.2 Aleitamento artificial

Apesar da producdo de leite da fémea suina aumentar com a demanda dos leitfes, ha um
limite maximo de producdo (KING et al., 1997). Assim, abordagens alternativas podem ser
utilizadas para garantia de acesso ao alimento quando se observa leitegadas numerosas. Uma
estratégia disponivel é o sistema de aleitamento artificial (BAXTER et al., 2013). Atualmente
existem dois tipos de aleitamento: o sistema estilo deck que disponibiliza leite
artificial/sucedaneo e os leitdes tem acesso somente a este tipo de alimentacdo (RUTHERFORD
et al., 2011), e o outro sistema suplementar a mamada, onde os leitdes tem acesso ao leite da
fémea e ao sucedaneo. O objetivo dessa estratégia é facilitar o aleitamento dos leitbes
excedentes ou de baixa viabilidade, que provavelmente morreriam se mantidas condicdes
normais ao pé da fémea (BAXTER et al., 2013).

O desempenho dos leitdes suplementados € um questionamento quando essa estratégia
¢ adotada. Porém, Pustal et al. (2015) avaliaram leitegadas com um leitdo excedente que eram
suplementados e leitegadas com 0 mesmo numero de leitGes/tetos ndo suplementadas. O peso
ao desmame, ganho de peso médio diario nédo foi afetado independente do grupo. O nimero de
leitdes desmamados diferiu entre os grupos, sendo maior para o grupo suplementado em relacéo
ao grupo controle (13,47 vs. 12,36, respectivamente) e a taxa de mortalidade ndo foi afetada.
No entanto, a diferenca para um maior nimero de desmamados no grupo suplementado é
justificada pelo fato deste grupo apresentar um leitdo a mais na leitegada e a taxa de mortalidade
ndo diferir entre os grupos. Neste estudo, o fornecimento do leite suplementar permitiu que
fémeas amamentassem e desmamassem maior numero de leitdes. Ainda Douglas, Edwards e
Kyriazakis (2014), observaram que leitegadas de baixo peso ao nascer (< 1,25 Kg)
suplementadas com sucedaneo de leite ingeriram significativamente mais leite suplementar que
leitegadas de alto peso ao nascer (1,6 kg — 2,0 kg). Além disso, as leitegadas de baixo peso ao
nascer apresentaram 500 g a mais ao desmame comparado a leitegadas com alto peso ao nascer.
Em contraste Schmitt et al. (2019a), avaliaram leitegadas mantidas no deck (nutridas apenas

com leite artificial) apds sete dias de vida e leitegadas mantidas com a fémea até o desmame
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(nutridas apenas com o leite da fémea). Foi avaliado que leitegadas do aleitamento artificial
obtiveram menor peso ao desmame em relacdo a leitegadas mantidas com a fémea (6,53 vs.
7,97, respectivamente), provavelmente pela mudanca de dieta e estresse a separacdo da fémea
(SCHMITT et al., 2019a).

O aleitamento artificial busca reduzir as competicdes entre os leitdes em leitegadas
numerosas, podendo ser uma boa estratégia para melhorar o bem-estar dos animais (KOBEK-
KJELDAGER et al., 2021). De acordo com Pustal et al. (2015), leitegadas suplementadas
apresentam menos sinais de lesbes faciais em relacdo a leitegadas ndo suplementadas. A
principal hipdtese é que o0 acesso ao sucedaneo de leite, reduz a competicdo por tetos,
diminuindo o nimero de brigas no momento da mamada e reduzindo consequentemente o
numero de lesdes (PUSTAL et al., 2015). Além disso, a suplementacdo pode ser uma estratégia
nos periodos mais quentes do ano, visto que as fémeas reduzem a producao de leite e a ingestdo
do sucedaneo do leite aumenta (MILLER et al., 2012). Em contraste, no estudo de Schmitt et
al. (2019a), ao utilizar os decks para aleitamento artificial, foi observado aumento da ocorréncia
de comportamento de belly-nosing, além de mordeduras na orelha e cauda de outros leitGes.

Além disso, a suplementacdo de leitdes com sucedaneo de leite tendeu a aumentar a
ocorréncia de diarreia (PUSTAL et al., 2015). Esses dados corroboram com Dewey et al.
(1995), ao observarem que o fornecimento do sucedaneo do leite aos leitdes aumentou a
morbidade de diarreia, provavelmente por apresentar menor valor nutricional (KOBEK-
KJELDAGER et al., 2020) e ndo possuir IgA (imunoglobulina A). Ainda, na utilizagdo dos
decks, ocorre a separacdo abrupta da mée, mudancas no ambiente e alimentacdo. Essas
mudancas sdo similares a fatores estressantes que ocorrem no desmame, podendo prejudicar o
bem-estar dos animais (LATHAM; MASON, 2008; BAXTER et al., 2013).

2.4.3 Equalizacéo de leitegadas

A equalizacdo é uma estratégia geralmente utilizada para igualar o nimero de leitdes ao
de tetos da fémea e diminuir a variabilidade de peso da leitegada (NEAL; IRVIN, 1991;
ROBERT; MARTINEAU, 2001; ALEXOPOULOS et al., 2018). Quando realizada
corretamente, a equalizacdo reduz a competicdo entre os leitdes e melhora a taxa de
sobrevivéncia dos mesmos (VANDE POL et al., 2021b). Além disso, pode reduzir futuras
intervencbes com esses leitdes que poderiam sofrer ou ndo sobreviver se mantidos em

leitegadas numerosas. De acordo com a literatura, 0 manejo da equalizagdo das leitegadas é
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utilizado desde a década de 80, ou seja, a mais de 40 anos (MERSMANN et al., 1984). No
passado o numero total de leitBes nascidos vivos era menor, tornando menos desafiador o
manejo de equalizacdo. A hiperprolificidade observada nas matrizes atualmente impds maiores
desafios e exige aprimoramentos na técnica de equalizag&o.

Na pratica, a equalizacdo de leitegadas pode ser realizada de diferentes maneiras:
padronizando o peso dos leitdes, separando leitdes de sexos diferentes, transferindo apenas
leitbes de baixo peso ao nascer para outras leitegadas ou transferindo apenas leitdes excedentes
(BAXTER et al., 2013). As estratégias mais comumente utilizadas sdo a equalizagéo de acordo
com o namero de tetos funcionais e/ou de acordo com o peso dos leitbes (BAXTER et al.,
2013). A finalidade da equalizacdo de leitegadas € permitir que todos os leitbes tenham acesso
ao teto, sendo capazes de mamar e se desenvolverem, além de reduzir a variabilidade de peso
da leitegada (STRAW; DEWEY; BURGI, 1998; BAXTER et al., 2013). Porém, de acordo com
McCaw (2000) somente 15% do total de leitdes/leitegada devem ser transferidos para outra
fémea.

A equalizacdo de leitegadas € uma 6tima abordagem, no entanto, também traz consigo
varias limitagGes. Este manejo aumenta os custos com méo de obra e deve ser realizado em uma
janela de tempo ideal de até 24 horas ap6s o final do parto (MCCAW, 2000; BIERHALS et al.,
2010). A transferéncia tardia gera maior disputa e estresse, considerando que os leitdes ja
definiram os tetos de mamada (DE PASSILLE; RUSHEN; HARTSOCK, 1988). De acordo
com Zhang et al. (2021), leitdes que séo transferidos tardiamente (sete dias de vida) tem
impactos negativos no desempenho e na fidelizacdo dos tetos. Além disso, segundo McCaw
(2000) movimentac@es de leitdes dentro da janela ideal diminuem a disseminacdo de patdgenos.
Porém, essa transferéncia também nao deve ser realizada logo apds o parto. Segundo Bandrick
et al. (2011), os leitdes devem ser mantidos em suas maes biolégicas por pelo menos 12 horas
ap0s 0 nascimento para que consigam ingerir o colostro e adquirir anticorpos. Sendo importante
considerar a ingestdo minima de 200g de colostro para que as chances de sobrevivéncia sejam
maiores (DEVILLERS; LE DIVIDICH; PRUNIER, 2011). Ainda, é importante o leitdo ingerir
colostro nas primeiras 24 horas ap0s ao parto, principalmente para absorver IgG
(imunoglobulina G) antes do fechamento intestinal que ocorre por volta das 24 horas. A partir
deste momento ndo h& mais transporte de imunoglobulinas para a circulacdo do leitdo. Em
contrapartida, recentemente Biebaut et al. (2021) observaram que é possivel os leitdes

absorverem células imunes de suas méaes adotivas. Sendo assim, os autores relatam que a



24

equalizacéo ndo influenciou na transferéncia de imunidade celular, independente do momento
que foi realizada a equalizacéo.

Alguns pontos sdo importantes na equalizacao de leitegadas como origem dos leitdes,
peso dos leitGes e nimero de leitdes. Em relacdo a origem dos leitbes, nem sempre todos 0s
leitbes sdo transferidos para outra fémea, muitas vezes alguns permanecem com sua mae
bioldgica. Esses leitdes podem ser beneficiados por ndo passarem pelo estresse da separacao,
apesar de ja estarem no processo de definicdo do teto (BIERHALS et al., 2010). Heim et al.
(2012), avaliaram trés tipos de equalizacdo de acordo com a origem dos leitbes: 100%
bioldgicos, 100% adotados e 50% bioldgicos com 50% adotados. Os autores observaram que
se 0 manejo for realizado dentro do periodo ideal, o desempenho de leitGes bioldgicos e
adotados ndo diferem. Porém, no dia um apo6s a equalizacdo o nimero de disputas por tetos foi
menor para leitBes bioldgicos. No entanto, ao longo da lactacdo ndo houve diferenca
significativa para a ocorréncia de disputas. Nesse mesmo sentido Bierhals et al. (2011), também
avaliaram leitdes equalizados de acordo com a origem (biologicos x adotados). Ndo houve
efeito no desempenho entre leitbes bioldgicos e adotados, desde que sejam amamentados em
mdes da mesma ordem de parto. Os leitdes bioldgicos e/ou adotados apresentavam maior peso
ao desmame quando amamentados em fémeas de paridade cinco em relagdo a fémeas
primiparas. A questdo de numero de disputas por tetos nao foi abordada neste trabalho. Mas de
acordo com Heim et al. (2012), quando os leitbes sdo adotados podem apresentar maior nimero
de disputas por tetos, justamente por serem transferidos para outra mae, onde ha estresse e
quando muitas vezes os leitdes residentes ja definiram seus tetos.

Outro cuidado é em relacdo ao peso dos leitdes no momento da transferéncia. A faixa
de peso dos leitdes a serem equalizados ainda é controverso. De acordo com Souza et al. (2014),
quando leitdes leves sdo equalizados com leitbes pesados ou médios, 0s leves perdem mais
mamadas. Além disso, leitdes leves apresentam maior mortalidade quando equalizados com
leitbes pesados, e ao desmame os leitdes leves continuam mais leves em relacdo a leitbes de
médio e alto peso. Alguns estudos observaram que quando equalizamos leitegadas somente
com leitdes leves, o desempenho e indices de sobrevivéncia s&o melhores (HUTING et al.,
2017; VANDE POL et al., 2021a). Huting et al. (2017), avaliou leitegadas uniformes e mistas
de acordo com o peso dos leitdes (leves ou pesados). Ao desmame os leitdes leves em leitegadas
mistas apresentaram menor peso em relacdo a leitegadas uniformes (6,93 kg vs. 7,37 kg,

respectivamente). No entanto, os leitdes pesados tiveram um desempenho melhor em leitegadas
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mistas (8,93 kg vs. 7,96 kg, respectivamente). Reduzir a variagdo do peso dentro das leitegadas
foi benéfico para leitdes leves, mas ndo para leitdes pesados.

Essa variacdo do peso se torna mais evidente em leitegadas maiores. Leitegadas com
alto coeficiente de variacdo apresentam maior mortalidade até o desmame quando comparadas
com leitegadas de baixo coeficiente de variagdo (ZINDOVE et al., 2013). Nesse mesmo sentido,
Vande Pol et al. (2021a) avaliaram leitegadas 100% adotadas com pesos uniformes (apenas
leitbes leves, médios ou pesados) e leitegadas mistas (leves com médios, médios com pesados
e leves com médios e pesados). Foi observado que o desempenho dos leitbes leves é melhor
quando uniformizados com leites da mesma classe de peso. Além disso, leitdes pesados
possuem um crescimento e mortalidade melhores quando uniformizados com leitdes leves,
médios e pesados, ou seja, leitegadas mistas. Portanto, 0 aumento da variacdo de peso das
leitegadas pode impactar no crescimento e desenvolvimento dos leitbes (VANDE POL et al.,
2021a).

Outro ponto importante é o nimero de leitdes. Quando o nimero de leitbes nascidos
vivos excede o numero de tetos funcionais, esses leitdes sdo removidos para outra fémea
(ALEXOPOULOS et al., 2018). Grande parte dos estudos envolvendo equalizacdo de
leitegadas utilizam o mesmo namero de leitdes (BIERHALS et al., 2011; HEIM et al., 2012;
VANDE POL et al., 2021a), sendo recomendado considerar o numero de tetos funcionais da
fémea afim de garantir melhor desempenho dos leitdes (TROST et al., 2022). Essa estratégia
facilita para os leitGes presentes 0 acesso a um teto viavel, conseguindo assim 0 acesso ao
colostro e/ou leite (BAXTER et al., 2013).

A equalizacdo de leitegadas é um dos manejos mais empregados e consolidados
mundialmente. Em contrapartida, € necessario ainda explorar estratégias de manejo que visam
equalizar leitegadas numerosas, visto que a tendencia mundial € aumentar ainda mais o0 nimero
de nascidos vivos. Nesse sentido, é importante verificar oportunidades que buscam utilizar
leitbes excedentes ao nimero funcional de tetos da fémea em diferentes classes de peso. Além
da utilizacdo de leitegadas bioldgicas, evitando maior movimentacdo de leitdes e
consequentemente transmissao de patogenos, alem de otimizar a mao-de-obra. Fundamental
para essas condicdes observar os impactos no desempenho e bem-estar dos leitbes e das

matrizes.

2.5 Impacto de leitdes excedentes sobre a fémea suina e leitbes
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Leitegadas com leitdes excedentes geram uma demanda metabolica maior por parte da
fémea, para conseguir produzir a quantidade de leite necessaria (KEMP; DA SILVA; SOEDE,
2018; COSTERMANS et al., 2020). No entanto, nem sempre as fémeas modernas conseguem
compensar a demanda metabdlica, o que impacta negativamente na condicdo corporal das
fémeas no periodo de lactacdo (STRATHE; BRUUN; HANSEN, 2017). Além disso, de acordo
com Sasaki et al. (2022), o excesso de leitdes pode impactar também o desempenho subsequente
das fémeas. Fémeas com mais leitdes apresentaram menor taxa de parto e reducdo de nascidos
Vivos no parto subsequente. Em contraste, o intervalo desmame-estro ndo foi significativamente
diferente entre os grupos (SASAKI et al., 2022). Sendo assim, um maior nimero de leitdes
mamando poderiam predispor a fémea ao balanco energético e falha reprodutiva subsequente
(AREND et al., 2022).

O excesso de leitGes na leitegada também pode impactar no crescimento e desempenho
dos leitbes. Quando a leitegada apresenta leitGes excedentes em relacdo ao nimero de tetos
observa-se maiores taxas de mortalidade (VANDE POL et al., 2021b). Devido a leitegadas
numerosas apresentarem mais leitbes de baixo peso ao nascimento, maior variacdo de peso,
dificultando 0 acesso ao teto e na disputa por tetos (MILLIGAN; FRASER; KRAMER, 2001,
BAXTER et al., 2013; VANDEN HOLE et al., 2018). Vande Pol et al. (2021b), observou que
leitegadas com dois leitbes a menos que o numero de tetos tendeu a apresentar maior peso ao
desmame, em relacdo a leitegadas com o mesmo nimero de leites e tetos e com dois leitdes
excedentes (6,17 kg, 5,86 kg e 5,84 kg, respectivamente).

Em contrapartida, Vande Pol et al. (2021b) observou que leitegadas com leitdes
excedentes apresentaram maior nimero de leitbes desmamados em relacdo a leitegadas com o
mesmo numero de leitdes e tetos (13,3 vs. 12,6, respectivamente). Sasaki et al. (2022),
observaram resultados semelhantes ao de Vande Pol et al. (2021b), em relacdo ao nimero de
desmamados quando mantiveram até dois leitdes excedentes ao nimero de tetos funcionais da
fémea. Nesse mesmo sentido, observacdo em estudo pratico ndo indicou diferenca estatistica
no namero de leitdes desmamados e no peso da leitegada ao desmame quando mantido um
leitdo excedente nas fémeas (Danish Pig Research Center, 2020). Além disso, Kobek-Kjeldager
et al. (2021) avaliaram leitegadas com o mesmo numero de leitdes e tetos ou com leitdes
excedentes alojadas em gaiolas ou ndo e com/sem o fornecimento de sucedaneo de leite. Os
autores observaram que leitegadas com leitbes excedentes e alojados em gaiola apresentaram
maior nimero de leitdes desmamados em relagdo aos demais grupos. Além disso, esse aumento

de leites desmamados foi maior para leitdes suplementados. Ou seja, uma alternativa para
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leitegadas numerosas seria conciliar uma suplementacéo adicional (KOBEK-KJELDAGER et
al., 2021). Os resultados com o uso de leitGes excedentes, sugerem oportunidades de melhor
aproveitamento da fémea, menor custo por animal produzido e maior numero de leitdes
desmamados/fémea/ano.

Poucos sdo os estudos que avaliam o impacto de leitGes excedentes sobre a fémea e a
leitegada e muitas sdo questdes a serem respondidas ainda. Qual o impacto na perda de condi¢éo
corporal da fémea suina? O impacto na perda de tetos ao longo da lactacdo, podendo ser
ocasionado pelas disputas entre os leitbes, e como serd a retomada de atividade ciclica de
fémeas com leitGes excedentes? Além disso, seria possivel desmamar mais leitdes que tetos,
independente da classe de peso? Leitegadas com leitdes excedentes teriam um desempenho e
sobrevivéncia adequados? E como seria 0 comportamento de leitegadas com leitdes excedentes,
em relacdo a lesGes corporais e comportamento de mamada? Visto isso, € necessario explorar
melhor essa estratégia de equalizacdo envolvendo leites excedentes ao nimero funcional de

tetos.
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Performance of sows and litters with different weights equalized with one surplus

piglet in relation to the functional number of teats
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Abstract

The present study evaluated the effects of equalization of litters of different weights and number
of piglets in relation to functional teats on the performance of sows and piglets during lactation.
The litters (n = 183) were distributed in a 2x2 factorial experiment, including the weight of the
litters (Light: 0.955 — 1.289 kg and Heavy: >1.399 — 1.935 kg) and the number of
piglets/functional teats (EQUAL and EXC+1), forming four groups: Light EQUAL (light litters
with the same number of piglets and functional teats); Light EXC+1 (light litters with a piglet
exceeding the number of functional teats); EQUAL heavy (heavy litters with the same number
of piglets and functional teats); Heavy EXC+1 (heavy litters with a piglet exceeding the number
of functional teats. Evaluations of the sow's body condition, number of teats, and lesions in the
mammary complex were performed. The piglets were weighed and evaluated for face, body,
and joint injuries. A subgroup (n=21 litters) was assessed for a 24 h period after equalization
and at D5 for behavioral assessments. Analyzes were performed by SAS software using the
GLIMMIX procedure. Continuous variables were compared using the Tukey-Kramer test, and
frequency variables were analyzed considering binomial distribution. Females lost more caliper
units in heavy litters (-0.39; P = 0.05). The number of functional teats did not differ between
groups throughout lactation, however, sows in the EXC+1 group had fewer idle teats throughout
lactation (P < 0.04). Females with heavy litters scored more severe lesions in the mammary
complex at D5 and D20 (P < 0.02). The litter performance parameters during lactation did not
show differences in the number of piglets/functional teats. Heavy litters had higher weaning
weight and ADG than light litters. On day 20 of lactation, there was no difference in total
number of piglets weaned in the different categories of litter weight, number of piglets by
functional teats, or their interaction (P = 0.08). No differences were observed for pre-weaning
piglet mortality (P > 0.60). However, the percentage of pre-weaning removal of piglets was
higher for EXC+1 than EQUAL litters (P < 0.01). Facial, body and joint injuries were observed

more frequently in heavy litters, regardless of the number of piglets/functional teats. Piglets
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with an additional piglet had a higher number of teat fights on day 1 (P = 0.04), not differing
for day 5 (P > 0.35). In conclusion, sows with a piglet exceeding the functional number of teats
tend to wean a greater number of piglets, however, with a higher pre-weaning removal rate.
Including surplus piglets did not affect piglet performance and mortality, regardless of litter
weight at the time of equalization.

Keywords: cross-fostering; lesion; nursing; hyperprolificacy; survival.

3.1 Introduction

In the last 13 years, there has been an increase of 4.5 total number of piglets born per
litter (Tokach et al., 2019). The challenge in this situation is providing piglets access to teats,
ensuring colostrum and milk intake during nursing (Baxter et al., 2013). Female pigs generally
have between 13 and 15 functional teats (Earnhardt, 2019; Kim et al., 2005; Lundeheim et al.,
2013). However, nowadays it is estimated a relevant percentage of sows with a greater number
of piglets in relation to the functional teats. Cross-fostering is a management practice used in
farms to homogenize litters, especially when the number of piglets born alive exceeds the
number of available teats/sow (Alexopoulos et al., 2018). This practice enables better access to
teats, reducing mortality and improving pre-weaning survival rates (Heim et al., 2012).
Additional, alternatives to accommodate the largest number of piglets in relation to the
functional number of teats are usually based on the use of the nurse sows and artificial
supplementation (Kobek-Kjeldager et al., 2020; Schmitt et al., 2019).

There is no standardized recommendation for equalizing piglets into the litter, but
different models were evaluated, always considering the use of the same number of piglets and
functional teats (Bierhals et al., 2011; Heim et al., 2012; Robert and Martineau, 2001). Few
studies have evaluated the impact of using supernumerary piglets in relation to the functional
number of teats (Kobek-Kjeldager et al., 2021; Sasaki et al., 2022; Vande Pol et al., 2021b).
According to Vande Pol et al. (2021b), adding two piglets in relation to the number of functional
teats and pre-weaning survival of piglets was impaired. On the other hand, the authors observed
that litters with surplus piglets had a higher number of weaned piglets than litters with the same
number of piglets and teats. The previously mentioned study was carried out in 100% adopted
litters, and the weights at the time of equalization were similar.

In this sense, no study evaluated the different weights of litters in groups with exceeding

piglets. Different litter weights using the same number of piglets and teats are most studied.
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Equalization of light with heavy or medium piglets promoted loss of nursing by light piglets,
and this category did remain lighter at weaning (Souza et al., 2014). Light piglets equalized
with other weight categories had a lower weaning weight than light piglets equalized in litters
with the same weight (Huting et al., 2017; Vande Pol et al., 2021a). However, heavy piglets
performed better in mixed litters (Huting et al., 2017). In addition, heavy piglets have better
growth and reduced mortality when equalized with light, medium, and heavy piglets, that is,
mixed litters. Therefore, the increase in litter weight variation can impact the growth and
development of piglets (Vande Pol et al., 2021a).

In a practical condition for avoiding excessive piglet movement among litters, removing
only exceeded piglets is used to maintain biological litters. This management reduces the
transmission of the pathogens, allowing similar productive performance in cross-fostering
(Heim et al., 2012; Mccaw, 2000). In this case, using supernumerary piglets in biological litters
could reduce the removals and the movement of piglets for new litters. For this reason, the
current study aimed to evaluate the effects of equalization of biological litters with different
weight and number of piglets in relation to functional teats on the performance of sows and
piglets during the lactation phase. We hypothesize that (i) the equalization of biological litters
with a piglet exceeding the functional number of teats presents satisfactory litter performance,
(ii) litter performance during lactation using supernumerary piglets is affected by litter weight
at equalization (iii) the maintenance of supernumerary piglets to the functional number of teats

will not affect the female's body condition and weaning-estrus interval.

3.2 Material and methods

The Institutional Animal Care and Use Committee of the Federal University of Rio
Grande do Sul (CEUA-UFRGS) approved the protocols used in this experiment according to
the process 42828.

3.2.1 Animals, housing and feeding
This study was conducted on a commercial breeding-to-weaning farm with
approximately 6.000 sows north of Santa Catarina State (Brazil). A total of 183 pluriparous
sows (Landrace x Large White; Agroceres PIC Camborough®) were used during nine weeks
(summer and early fall season).
On day 113 of gestation, sows were moved to farrowing rooms and individually

housed in crates with a slatted floor (2.4 x 0.43 m). During maternity, a standard corn and soy-
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based diet (3.370 Mcal ME per kg, 17.84% crude protein, and 1.05% digestible lysine) was fed
to all treated sows. The feeding protocol was 2 kg/d from placement until expected farrowing,
and after farrowing and during the lactation period, the sows were fed ad libitum. Water was

available ad libitum throughout the whole experimental period.

3.2.2 Experimental design

The sows and their litters were selected after the farrowing according to the following
characteristics: body condition score - BCS (2—4; Young et al., 2004); parity (2-6); piglets born
alive (> 14) and number of functional teats (14, 15 and 16). Teat functionality score was
determined for all sows on the day that treatment started, where: 1 - functional and ideal,
elongated and pointed with no visible defects; 2 - functional, but not ideal, not as elongated, but
with no visible defects; 3 - nonfunctional, the teat was severely damaged or visibly defective
(Vande Pol et al., 2021b). Furthermore, the teat was considered functional when it produced
milk, it was elongated, pointed with no visual defects, and can be suckled by the piglet (Arend
et al., 2023).

This study was conducted in a 2 x 2 factorial design, being the factors: the litter weight
category: Light (litters average weight 0.955 — 1.289 kg) and Heavy (litters average weight >
1.399 — 1.935 kg) and the number of piglets in the litter in relation to the functional teats:
EQUAL (same number of piglets and functional teats) and EXC+1 (one additional piglet in
relation to the number of functional teats). Only biological piglets (n=2.783) were maintained
in the litters, and all of them were individually weighted and identified by ear tags at the time
of equalization. The study did not use piglets weighing < 0.70 kg or considered nonviable. The
coefficient of variation (CV) of litter birth weight was 12 to 25% and used to randomize litters
among evaluation groups. The litters were distributed among evaluation groups between 6 to
16 hours after farrowing (8.2 £ 0.2 hours). After equalization, dead or removed piglets were not
replaced.

All piglets received an intramuscular injection (IM) of iron-dextran glucoheptonate (1
mL IM; MS FerroSafe, MS Schippers, Brazil) until the third day of life. Piglets did not receive
creep feeding during the lactational period. At weaning, the piglets received an inactivated
vaccine against Circovirus type 2 and Mycoplasma hyopneumoniae (2 mL IM; Porcilis® PCV
M Hyo, MSD Animal Health).
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3.2.3 Data collection and measurements

The sows body condition score, caliper, and backfat thickness (BF) measurements were
performed on the day treatments started (day 0) and at day 20 of lactation. The BF was measured
on both sides of the body (right and left) at point P2 (last rib and 6.5 cm below the dorsal
midline) (Roongsitthichai and Tummaruk, 2014) at the same moments. The measurement was
performed using ultrasound (model A6V, SonoScape, Shenzhen, China) and a linear transducer
(model 6761V, 3-5 MHz, SonoScape, Shenzhen, China).

The sows were scored for udder and teats lesions on days 0, 5, and 20 in each udder
region: anterior, middle, and posterior. Sows were examined in their farrowing crates and
scored according to described by Gallois et al. (2005), where: 0 - no wounding, 1 - one or two
superficial scratches not penetrating the full derma thickness, 2 - more than three superficial
scratches, 3 - superficial scratches, and less than three deeper wounds, 4 - superficial scratches
and more than three deeper wounds, 5 - deep and large wounds (laceration), and 6 - deep and
infected wounds.

The piglets were individually weighed at the litter distribution into the evaluation groups
(day 0), day 5, and day 20 using a 10g precision digital scale balance (Prix 3 Fit, Toledo do
Brasil®). Therefore, the weight and average daily gain (ADG) were calculated at different
periods. At the same moments, injuries in individual piglets were assessed, including face,
body, and joints. The scores for injuries on the face and body were adapted based on Camerlink
et al. (2018), where: no lesions - no injuries or scratches; superficial - small lesions that do not
penetrate the dermis or superficial scratches; severe - deep injuries, going penetrating the dermis
or many scratches. Additionally, the scores used for joint injuries KilBride et al. (2009) were:
no lesions - no injury; superficial - <25% of the joint/dermis injured; moderate - 25-50% of the
joint/dermis injured; severe - >50% of joint/dermis injured.

The occurrence of mortality and piglet removal were recorded daily. Mortality up to the
time of equalization was not accounted. Necropsies were performed to determine the cause of

death. Piglets removed were those with low viability, severe injuries, and failure to develop.

3.2.4 Litters video recording

In a subgroup of litters (n=21), video recording was performed 24 hours after
distribution among groups of evaluation (day 0) and on the fifth day of lactation. Cameras were
used (Intelbras VHD1120B — G2 HDCVI, with 720p HD resolution, 1/4 sensor, and 2.8 mm
lens) linked to a video recorder (DVR — Intelbras Série 1016 G2, with 16 channels). The videos
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were watched through the Intelbras Media Player program. During video evaluation, piglets
were recognized by numbered markings on their back for their identification. Based on
identifying individual piglets in each event of suckling, we analyzed which animals repeatedly
lost events of suckling during 24 hours at day 0 and 5 of lactation. In this case, we considered
piglets that lost one, twice, three, four, and more than five times the suckling in each evaluated
period.

Piglets that started the pre-ejection stimulation massage and stopped the stimulation
only after the end of milk ejection were considered as complete suckling. The start of the pre-
ejection massage was considered when more than half of the piglets were actively stimulating
and manipulating the udder. The moment of milk ejection was considered when more than half
of the piglets were actively stimulating the udder and suckling intensively for about 15 s without
interspersing teat massage or moving around. The end of post-ejection stimulation was
established when more than half of the litter had left the udder or was inactive next to it (Barber
et al., 1955; Fraser, 1980).

A fight, aggressive behavior was considered to contact (including head knocks and
biting), a displacement event with physical contact, or any shoulder knock at the teat or
anywhere on the cage. The beginning of a fight was recorded when one piglet attacked another
for at least 3 s. The end of a fight was established when piglets remained separated for at least
3s. Teat disputes were considered when two or three piglets competed for teats by head-banging
and biting for at least 3 s (Heim et al., 2012).

3.3 Statistical analysis

All statistical analyzes were performed using the Statistical Analysis System - SAS®
9.4 (SAS Institute Inc., Cary, NC, USA). The litter was used as an experimental unit for all
variables related to litters. The GLIMMIX procedure included the weight class of litters and
piglets by functional teats and their interaction as a fixed effect. The week was included as a
random effect, and the number of teats was the covariate. Comparisons of means by the Tukey-
Kramer test were used for continuous variables. The frequency variables were analyzed
considering a binomial distribution. The udder lesion score was also analyzed, considering a
multinomial distribution and identifying the odds ratio for high lesion scores among groups.
The injuries in the face, body, and joint were analyzed for each severity score based on the
number of piglets with lesions in relation to the total number of piglets in the litter (binomial

distribution) for each evaluation day. The number of nursing and interval of nursing have
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considered the count of suckling events during 24 hours into the litter. The percentage of piglets
with complete nursing number of teat disputes and fights used each event of suckling as the
observation to be evaluated. For complete nursings, a calculation was made of the percentage
of piglets that were completely nursed (number of piglets that had a complete nursing/number
of piglets present in the litter). The repeatability of missed nursing was evaluated through the
number of piglets/litter that did not repeat the missed nursing or repeated one, two, three, four
> five times the missed nursing. Results are expressed as least square (LS) means + standard
error of the mean (SEM) or percentages. Weight class of litters and piglets by functional teats
were individually compared when interaction was not statistically significant. Differences with

P<0.05 were considered statistically significant, and P < 0.10 were considered a tendency.

3.4 Results

3.4.1 Sow measures

There were no differences among groups of evaluation (P > 0.10) on parity (3.61 £0.09),
BCS (2.83 + 0.03), caliper unit (10.07 £ 0.16), BF (11.30 = 0.18 mm), number of functional
teats (14.72 + 0.05) and in the interval between the end of farrowing and the equalization of
litters to start the treatments (8.24 + 0.22 h).

Differences in the overall mean on BCS (2.83 + 0.03), caliper unit (9.91 £ 0.16) and BF
(11.30 £ 0.18) were also not observed at 20 days of lactation for the different weight class of
litters, number of piglets/functional teats or their interaction (P > 0.06). Furthermore, the sows
caliper loss was slightly higher for those heavy nursing litters than light litters (P = 0.05), but
this difference was not observed for EQUAL or EXC+1 (Table 1). The BCS and the BF loss
were not affected by different groups (P > 0.10). The number and percentage of functional teats
in the sows throughout lactation and the weaning-estrus interval were not affected by weight
class, number of piglet by functional teats, or their interaction (P > 0.10; Table 1).

Regarding the udder and teats lesions, a higher percentage of sows had more severe
lesions in all parts of the udder in the heavy litters than light litters (P = 0.05) at day 5 of lactation
(Fig.1S). Sows nursing heavy litters had an odds ratio of 2.05 for more severe lesions in the
anterior part of the udder than light litters at day 5 of lactation. These differences were not
observed for different number of piglets in relation to the functional teats. The same happened
for the middle and posterior parts of the mammary gland, with an odds ratio of 2.37 and 1.79

for more severe injuries in heavy than light litters, respectively (Fig.1S). On day 20, a higher
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percentage of sows also had more severe lesions in the anterior part of the mammary gland
when nursed heavy litters than light litters (P = 0.01). Sows nursing heavy litters had an odds
ratio of 2.35 for severe injuries in the anterior part of mammary glands than light litters. These
differences were not observed for different number of piglets in relation to the functional teats
and the middle part of the mammary gland. The posterior part of the mammary gland had an

odds ratio of 1.67 for more severe injuries in heavy than light litters, respectively (Fig.1S).

3.4.2 Litter measures

The piglets in heavy litters were, on average 0.33 kg heavier than light litters (P < 0.01)
at equalization, but the average of litter weight was not different between litters with EQUAL
or EXC+1 (P = 0.25). The total litter weight was higher for heavy litters and for litters with
EXC+1 compared with light litters and use of the EQUAL number of piglets and functional
teats at equalization, respectively (Table 2). These differences remained similar on days 5 and
20 of lactation for heavy compared to light litters. However, at days 5 and 20 of lactation, the
total litter weight did not differ regardless of the use of EQUAL or EXC+1 (Table 2). The total
litter weight gain on day 5 and 20 did not differ between groups (P = 0.07; Table 2). The ADG
until 5 days of lactation was not different regardless of the evaluated group (P >0.15). However,
ADG until 20 days of lactation was higher for heavy compared to light litters (P < 0.01) with
no differences (P = 0.54) between EQUAL and EXC+1 (Table 2). The weight coefficient of
variation at equalization was slightly higher for light litters compared to heavy litters (P <0.01),
with no difference for litters with the EQUAL compared to EXC+1 (P = 0.07). On day 20, the
coefficient of variation was not affected by classes of weight, number of piglets by functional
teats, or their interaction (P > 0.24; Table 2).

The heavy and light litters started with EQUAL number of piglets (P=0.95). As
expected, on average, one additional piglet was inserted at equalization in EXC+1 compared to
EQUAL piglets by functional teats (P < 0.01; Table 2). At day 20 of lactation, there was no
difference in total number of piglets in the different categories of litter weight, number of piglets
by functional teats, or their interaction (P = 0.08; Table 2). Pre-weaning mortality or removals
rate of piglets were not different for heavy or light litters (Table 2; P > 0.88). However, the
removals rate was higher (P < 0.01) for EXC+1 compared to EQUAL piglets/functional teats,
with no differences for mortality (P = 0.60). The causes of death corresponded to 75.85% by
crushing, starvation with 13.56% and other reasons with 10.59%. There was no interaction of

litter weight and piglets/functional teats for litter size, pre-weaning mortality, or removals (P >
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0.10). In this sense, evaluating the differences between the number of piglets in relation to
functional teats, the use of EXC+1 at equalization always had a better relation of piglets/teats
throughout the lactation period (Figure 1). On day 3 of lactation, the group EXC+1 reaches the
same number of piglets and functional teats. However, it is interesting to observe that the group
EQUAL at day 3 had -0.7 piglets in relation to functional teats. At day 20 of lactation, the group
EXC+1 continued to have a better relation of piglets, and functional teats (P = 0.04) compared
to the use of the EQUAL number of piglets and teats.

Face, body, and joint lesions on the day of equalization did not differ by weight class,
number of piglets by functional teat, or interaction (P > 0.10). Face lesions on day 5 showed an
interaction (P = 0.01) where heavy EQUAL litters had a higher percentage of piglets with
superficial lesions than light EQUAL litters, with no differences from the other groups. Heavy
litters had a higher percentage of piglets with severe lesions on the face at day 5 than light litters
(P < 0,01), regardless of the number of piglets/functional teats. On day 20, heavy litters had a
higher percentage of piglets with superficial (P = 0.02) and severe lesions (P = 0.01) on the
face, regardless of the number of piglets/functional teats. Body injuries were not affected by
the classes of weight, number of piglets by functional teats, or their interaction at day 5 (P >
0.11). However, at day 20, heavy litters had a higher percentage of piglets with superficial (P =
0.01) and severe lesions (P <0.01) regardless of the number of piglets/functional teats.
Regarding joint injuries, heavy litters had a higher percentage of superficial and severe injuries
than light litters on day 5 (P < 0.01). However, for moderate joint injuries, there was no
significant difference at day 5 (P = 0.08; Table 3). In addition, the heavy litters had a higher
percentage of piglets with superficial joint injuries (P = 0.02) at day 20 of lactation. There was
no difference for moderate and severe joint injuries in the different categories of litter weight,
number of piglets by functional teats, or their interaction (P = 0.07; Table 3).

The total number of nursing and the interval between them on day 1 were not affected
by the classes of weight, number of piglets by functional teats, or their interaction (P > 0.10;
Table 4). There was an interaction (P = 0.01) for the number of nursings on day 5, where light
EXC+1 litters and heavy EQUAL litters had a higher number of nursings compared to light
EQUAL litters, and both of them did not differ from heavy EXC+1. The percentage of piglets
with the complete suckling event was higher either for heavy and light with EQUAL number
of piglets on day 1 post-farrowing compared to litters with EXC+1 (Table 4; P = 0.03). On day
5, the difference happened only for heavy EXC+1, which had a slightly lower (P < 0,01)
percentage of piglets with complete suckling compared to other groups that did not differ. In
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general, the loss of suckling events on days 1 and 5 was motivated respectively by piglets
walking (57.43 and 33.70%), sleeping (28.99 and 42.12%), searching for a teat (13.22 and
23.44%), or other reasons (0.36 and 0.73%). The number of teat disputes on day 1 was higher
(P = 0.04) for litters with EXC+1, regardless of the litter weight (Table 4). On day 5, the teat
disputes were not affected by weight class, number of piglets by functional teats, or their
interaction (P > 0.35). The number of fights on day 1 and day 5 was also not affected by weight
classes, number of piglets by functional teats, or their interaction (P > 0.12; Table 4).

The number of piglets that never lost a suckling event 24 hours after the beginning of
evaluation was not different among groups at day 1 (P > 0.18). The piglets in litter EXC+1 were
able to take turns during nursing events, and most of them only lost a maximum of one nursing
session. The number of piglets that never lost a suckling event at day 5 of lactation was higher
for EQUAL compared to EXC+1 litters (P = 0.04) which also decreased the percentage of
piglets that lost 1 suckling event in the EQUAL group compared to EXC+1 litters (P = 0.05).
However, differences were not observed when evaluating the percentage of piglets that lost 2,

3,4, or > 5 suckling events (P > 0.31; Figure 2).

3.5 Discussion

In the present study, weight-related performance indicators of biological litters were not
affected when one piglet in relation to the number of teats was exceeded at equalization
regardless of the average litter weight. Vande Pol et al. (2021b) observed that average piglet
weight, total litter weight, and ADG at weaning were also not affected when adopted litters
with the same weight were equalized with two piglets exceeding the number of teats and
compared with litters with the same relation of piglets and teats. Even though the piglet weaning
weight was not affected, mortality could be impacted by the challenge of accessing the teat
when more piglets per litter are used.

In the present study, the mortality rate in litters with EXC+1 at equalization was similar
to litters with the EQUAL number of piglets and teats, which was also observed by Vande Pol
et al. (2021b) using two additional piglets. However, Vande Pol et al. (2021b) observed a
numerical difference of 6.4% in piglet mortality, which is higher than that observed in the
present study (0.6%) when one additional piglet was used. In contrast, EXC+1 in the litter
resulted in a higher percentage of piglets removed until weaning, without interaction with the
average litter weight at equalization. Thus, the lower percentage of piglets with complete

nursing on days 1 and 5 of lactation can be associated with the removal rate increase. In this
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sense, since milk is the primary source of energy for the development of piglets, uncompleted
nursing can reduce the piglet growth rate (Souza et al., 2014; Valros et al., 2002), resulting in
an increased removal rate. However, the number of nursing events and the interval between
nursings did not precisely explain removals. It was not associated with litter performance,
regardless of the number of piglets at equalization. Other factors that could be related to the
removal rate are fights and teat disputes, but they were not determining conditions for
explaining the piglet removals or even their performance in the present study, considering that
the main differences in the percentage of injuries were essentially associated with weight at
equalization and not with the number of piglets in relation to teats. In biological litters, teat
disputes are smaller than in adopted litters, which tend to decrease throughout lactation due to
familiarization with the female and environment (Heim et al., 2012).

Regarding the nursing events, it is interesting to observe on day 1 of lactation that there
were no differences in the percentage of piglets that missed nursing events between the EQUAL
and EXC+1 group. This is explained by the fact that, up to this moment, the suckling teats have
not yet been defined (De Passille et al., 1988). Therefore, there may be a rotation of teats until
the moment of definition. Opposed to that, on the fifth day of lactation, a higher percentage of
piglets in the EQUAL litters did not lose nursing events compared to EXC+1 litters. However,
most of the piglets in the EXC+1 group lose only one nursing event over the 24 hours which is
possibly compensable in other nursering. According to Valros et al. (2002), each nursing event
represents an opportunity for 5.12g of weight gain. In the present study, weight at day 5 of
lactation and weaning were similar among groups which explain the capacity of piglets in
avoiding the loss of nursing events.

Additionally, it should be noted that on day 3 of lactation, the EQUAL number of piglets
and functional teats (counted at the time of equalization) was reached in the EXC+1 group due
to piglet death and removals, consequently reducing the number of disputes for teats. This
condition explains the increase in complete nursings between day 1 and day 5 and the absence
of differences in litter weight performance during lactation. On the other hand, the EQUAL
litters also had piglet losses in the first week of lactation that promoted vacant teats in relation
to equalization, and this condition did not increase the weaning weight. The absence of a
suckling stimulus in the mammary gland determines the involution and stops milk production
(Farmer et al., 2012), which results in the loss of functional teats. Arend et al. (2023), observed
1.8 more functional teats during lactation in females that nursed 15-16 piglets compared to

those with 12 piglets. However, both groups lost 2.2 teats until weaning. In general, in the
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present study, all groups lost approximately 10% of functional teats (~1.5 teats) during
lactation, with no differences among groups. In addition, recent studies have reported that the
average functional teats in commercial farms range from 14.4 to 14.7 (Vande Pol et al., 2021ab)
with similar results observed in the present study of 14.7 functional teats in equalization.

Regarding lactational performance, litters with EXC+1 at equalization tended to wean
+0.4 piglets compared to litters with EQUAL. The capacity for weaning +1.1 and +0.7 piglets
than the number of functional teats at equalization was recently reported by Kobek-Kjeldager
et al. (2021) and Vande Pol et al. (2021b), respectively, corroborating the results of this study
and opening the possibility for optimizing the use of teats in swine females. Furthermore, from
equalization until weaning, the EXC+1 and EQUAL groups lost 1.21 and 1.59 piglets in relation
to the number of functional teats, respectively. This indicates the greater capacity for optimizing
the sow's mammary gland, since fewer vacant teats exist. Indeed, it is necessary to consider
strategies to reduce removals in further studies, as well as the best moment for removing piglets
in litters equalized with additional piglets. In this way, reducing removals is essential because
most piglets are expected to be weaned in nurse sows. However, the piglets removed from the
evaluation groups were not followed up until weaning.

The management of adding one exceeding piglet at equalization did not impair the loss
of caliper, BCS, and ET of the sows. It was expected that the increase in the metabolic demand
for milk production in litters with surplus piglets could increase the mobilization of body
reserves (Eissen et al., 2003). However, parity 2-7 sows associated with the loss of piglets until
day 3 of lactation may have mitigated this condition, especially considering that primiparous
sows are more sensitive to lactational catabolism (Arend et al., 2023; Quesnel et al., 2007).
Also, lesions in the mammary complex were not affected by adding one exceeding piglet at
equalization. This contrasts the observations indicating that larger litter sizes increase the risk
and percentage of females with teat lesions at weaning (Hultén et al., 2003; Norring et al.,
2006). The main impacts on females were related to the average litter weight at equalization.
Females that nursed heavy litters had a slight loss of caliper units (-0.39). Heavier litters
consume more colostrum/milk (Algers and Jensen, 1991; Bierhals et al., 2012; King et al.,
1997), which can increase the metabolic demand. Additionally, more severe lesions on the
mammary complex were observed on days 5 and 20 of lactation for those sows nursing heavy
compared to light litters. The suckling intensity tends to be higher in heavier litters promoting
fights and injuries in the mammary complex (Serensen et al., 2016). Most teat disputes happen

in the anterior portion of the mammary complex (De Passille and Rushen, 1989), where is
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produced a greater amount of milk (Furtado et al., 2009; Kim et al., 2000), causing more severe
injuries.

Heavy litters maintained greater weight throughout lactation compared to light litters. It
is well known that high birth weight piglets will have higher weaning weight compared to low
birth weight piglets (Huting et al., 2017; Souza et al., 2014; Vande Pol et al., 2021a), and heavy
litters are associated with greater daily weight gain (Huting et al., 2017; Vande Pol et al.,
2021a). In the present study, light litters had a higher percentage of piglets below 4.0 kg at
weaning (14.4%) when compared to heavy litters (11.2%). Therefore, management strategies
are necessary to reduce the percentage of piglets with low weight (Arend et al., 2023).
Especially in cases of using supernumerary piglets, artificial supplementation can be considered
an alternative to suckling (Kobek-Kjeldager et al., 2021).

Facial, body, and joint injuries cause discomfort to the animals and can serve as a
gateway for opportunistic infectious agents (Penny et al., 1971; Robert and Martineau, 2001).
Furthermore, they are commonly described in suckling piglets, since until the third day of life,
they are competing to establish the teat order (De Passille et al., 1988; Fraser, 1975). Zoric et
al. (2004) observed that 30% of piglets had facial lesions by the third day of life, and 89% had
joint lesions. In the present study, most suckling piglets had superficial lesions on the face,
body, and joints, especially in heavy litters on days 5 and 20 of lactation. The lesions severity
on the face reduces throughout lactation (Zoric et al., 2004), increasing the percentage of
superficial lesions. Losing piglets in the first week of lactation favors access to the teat, reducing
disputes and facial injuries. A higher percentage of piglets with superficial and severe joint
injuries was observed for heavy litters on day 5 and day 20, as this percentage was lower at
weaning. However, especially in light litter, there was a slight increase in the percentage of
severe injuries throughout lactation, probably caused by the friction of the skin with the abrasive
floor during nursing (Zoric et al., 2004). The hypothesis for this difference observed in light
litters is that the light piglets can spend more time massaging the sow's udder, consequently
rubbing the skin longer on the floor. Furthermore, low birth weight piglets have less adipose
tissue (Rehfeldt et al., 2012), which can facilitate the appearance of lesions. The same is
observed for body injuries in which superficial and severe lesions increased significantly from
day 5 to day 20 of lactation in light and heavy litters. However, the heavy litter still had a higher
percentage of piglets with body injuries than the light litter. The numeric increase in the number
of fights from day 1 to day 5 probably was maintained in the following days, justifying the

occurrence of lesions at weaning. On day 1, piglets had a greater number of teat fights. On day
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5, there was a numerically higher percentage of piglets not fighting by teat in the sow’s
mammary complex but fighting each other. However, the result is not statistically significant
for both weight class and number of piglets at equalization time.

Few studies have investigated the relationship between supernumerary piglets and
their influence on litter performance and survival, corporal condition, and subsequent
reproductive performance of sows. In this sense, more studies should be carried out with more
exceeding piglets and identify the factors associated with females' productive capacity. The
tendency for weaning more piglets in litters with one additional piglet in relation to functional
number of teats is an opportunity to optimize the females and reduce the use of nurse sows.
However, since the use of additional piglets could compromise access to teats and lead to lower
milk consumption which could eventually result in their removal, strategies such as the artificial
supplementation of litter should be considered in further studies. The management of equalizing
litters with a piglet excess of the female's functional number of teats is a promising strategy for
hyperprolifec herds, aiming to wean more piglets per female, consequently increasing the

number of weaned/female/year.

3.6 Conclusion

The results of this study showed the opportunity for the inclusion of one exceeded
piglet to the functional number of teats at the equalization of biological litters without affecting
piglet performance and mortality, regardless of litter weight. However, one additional piglet
impaired the percentage of piglets removed per litter up to weaning, with no differences in the
average of weaned piglets per litter. In addition, sows with additional piglet had fewer vacant

teats during lactation without compromising body condition and weaning-estrus interval.
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Table 1. Body condition, udder lesions and weaning to estrus interval in sows nursing litters with
different weights and number of piglets in relation to functional teats

Litter weight Piglets/Functional teats P-value”

Variables Light Heavy Equal Exc+1 W  PF W;P
n 89 94 94 89
Loss

BCS, un 0.03+£0.04 -0.02+0.04 0.01+0.04 -0.0005 + 0.04 0.24 0.75 0.10

Caliper, un 0.13+0.28 -0.39+0.27 -0.11+0.27 -0.15+0.28 0.05 091 011

Backfat, mm -0.11+0.31 -0.26+0.30 -0.34 £ 0.30 -0.03+£0.31 0.60 0.27 0.65
Functional teats, n

Day 0 1471+0.12 14.70+0.12 1474 +£0.12 14.67 £0.12 095 045 0.8

Day 5 13.97+£0.13 13.98+0.12 14.00 £ 0.12 13.95+0.13 093 0.76 0.38

Day 20 13.36 £0.18 13.08 £0.17 13.26 £ 0.18 13.19+0.18 0.22 0.76 0.50
Functional teats, %

Day 5 95.37£0.87 95.43+0.85 95.45 £ 0.85 95.34 £ 0.87 094 090 0.25

Day 20 91.13+0.01 89.29+0.01 90.30 £ 0.01 90.21 £0.01 0.11 094 0.35
WEI, d 6.10+0.67  6.74+0.64 6.53 £ 0.65 6.31 £ 0.65 0.46 0.80 0.90

Values presented as mean * standard error of mean.
"W-= Litter weight; PF= Piglet by functional teats; WxPF= Interaction between litter weight and piglet by functional

teats.

Day 0 — day of equalization of litters and beginning of the treatment; Day 5 — five days of lactation; Day 20 — twenty

days of lactation.

BCS= Body condition score.
WEI= Weaning-estrus interval.
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Table 2. Effect of different litter weight and number of piglets in relation to functional teats on litter size,
performance, pre-weaning mortality and removals

Litter weight Piglets/Functional teats P-value”
Variables . WxP
Light Heavy Equal Exc+1 w PF E

n 89 94 94 89
Litter size, n

Equalization (Day 0) 1521+0.12 15.20+0.12 1474+£0.12 15.67+£0.12 095 <001 0.18

Day 20 13.33+0.18 13.30%0.17 13.12+0.18 13.51+0.18 090 0.08 047
Average litter weight, kg

Equalization 1.19+0.01 1.52+0.01 1.36 £ 0.01 1.35+0.01 <0.01 025 0.55

Day 5 191+0.03 227+0.03 211+0.03 2.07+0.03 <0.01 012 0.29

Day 20 548+0.06 6.09+0.06 582+0.06 5.76+0.06 <0.01 048 094
Total litter weight, kg

Equalization 18.06 £0.20 23.09 +£0.20 20.01£0.20 21.14+0.20 <0.01 <0.01 0.30

Day 5 26.84+042 3239041 29.26 £0.42 29.97+0.42 <0.01 020 091

Day 20 7299+1.12 80.83+1.10 76.25+1.09 77.58+1.12 <0.01 040 057
Total litter weight gain, kg

Day 5 8.79+0.39 9.23+0.39 9.22+0.39 8.79%0.39 036 037 096

Day 20 5495+1.09 57.69+1.06 56.23+1.06 56.41+1.08 0.07 090 052
ADG, g

Day 5 142.2+045 147.7+0.44 148.2+0.44 141.7+0.45 0.22 0.15 0.38

Day 20 214.0+£0.30 227.9+0.30 2222+0.30 219.6+0.31 <0.01 054 0.85
Coefficient of variation, %

Equalization 18.74+0.32 17.38+0.32 18.48+0.32 17.65+0.32 <0.01 0.07 0.68

Day 20 19.64+050 18.82+0.49 19.20+0.49 19.25+0.50 024 094 0.29
Pre-weaning mortality, % 8.28+1.03 8.12+1.01 7.93+£1.00 8.48+1.04 0.88 0.60 0.74
Pre-weaning removals, % 3.76£0.62 3.71+0.62 2.66+049 5.21+0.75 096 <0.01 0.10
Mortality and removals, %  12.33+1.09 12.27 +1.06 10.79+1.00 13.98+1.15 096 001 0.40

Values presented as mean + standard error of mean.
"W= Litter weight; PF= Piglet by functional teats; WxPF= Interaction between litter weight and piglet by functional teats.
Day 0 — day of equalization of litters and beginning of the treatment; Day 5 — five days of lactation; Day 20 — twenty days of

lactation.

Total litter weight gain= Litter weight gain between the day of equalization and day 5 and equalization and day 20.

ADG= Average daily gain.

Pre-weaning removals= Piglets removed until day 20.
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Figure 1. Mean and standard error of number of piglets by functional teats throughout of
lactation in the litters equalized with EQUAL or EXC+1 piglet at the equalization.
The groups EQUAL and EXC+1 differ in all days of lactation (P < 0.04).
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Table 3. Percentage of piglets with different scores lesions of face, body and joints on day 5
and day 20 according to different weights and number of piglets in relation to functional teats.

Light Heavy P-value”
Variables Equal Exc+1 Equal Exc+1 W PF Vng
n 43 46 51 43
Face
Day 5 Superficial 29.23+2.12% 33.77+2.17% 40.05+2.22° 3391+218%® <0.01 0.75 0.01
Severe 10.63+159 894+ 1.40 2291 +244 26.41+2.66 <0.01 0.99 0.10
Day 20 Superficial 34.26 +3.26 36.06 + 3.29 40.47 +3.36  39.87 +3.41 0.02 0.76 0.55
Severe 455+ 1.07 4.06 = 0.95 6.72 +1.38 6.38 + 1.33 0.01 0.63 0.86
Body
Day 5 Superficial 3.37 £1.02 1.95+ 0.65 3.38+1.02 2.81+0.86 042 011 041
Severe 0 0.15+£0.15 0.43 +£0.25 0.48 +£0.27 097 098 0.98
Day 20 Superficial 24.96 +4.37 20.05+3.77 28.09+465 26.81+4.54 0.01 0.08 0.26
Severe 0.72+0.37 1.18+0.51 1.98 +0.70 3.09+1.00 <0.01 0.16 0.95
Joint
Superficial 7.37 £1.16 8.01+1.18 1099+1.35 1283+1.51 <0.01 0.34 0.76
Day 5 Moderate 3.18+0.722 351+0.722 5.87+0.89° 3.18+0.70? 0.20 0.20 0.08
Severe 1.92 + 0.65 3.38+0.94 5.65+1.37 6.06 + 1.44 <0.01 0.12 0.22
Superficial 5.08 £1.18 3.02+0.83 6.06 +1.31 595+ 1.32 0.02 0.15 0.18
Day 20 Moderate  0.80 +0.40° 2.03+0.72° 1.36 £ 0.55% 0.99 + 0.46% 0.81 0.43 0.09
Severe 3.36 + 0.88 3.92+£0.93 429+1.01 6.15+1.30 0.07 0.18 0.57

Values presented as mean * standard error of mean.

" W= Litter weight; PF= Piglet by functional teats; WxPF= Interaction between litter weight and piglet by
functional teats.

Day 0 — day of equalization of litters and beginning of the treatment; Day 5 — five days of lactation; Day 20 —
twenty days of lactation.

Lesions of face and body: superficial - small lesions that do not penetrate the dermis or superficial scratches;
severe - deep injuries, going penetrating the dermis or many scratches.

Lesions of joint: superficial - <25% of the joint/dermis injured; moderate - 25-50% of the joint/dermis injured,;
severe - >50% of joint/dermis injured.
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Table 4. Effect the nursings behavior, teat fights and fights litter filmed during 24 hours after
equalization (day 1) and on day 5, according to different weights and bumber of piglets in

relation to functional teats.

. Light Heavy P-value’
Variables Equal Exc+1 Equal Exc+1 W PF_ WxPF
n 43 46 51 43
Number of nursings, n

Day 1 38.34+4.36 4050+4.36 43.85+4.77 36.81+534 085 0.61 034
Day 5 28.00 £2.75" 38.33+2.75% 37.20+3.01* 29.60+3.37% 0.94 065 0.01
Interval between
nursings, min
Day 1 37.62+286 3494+286 3241+313 4035+350 098 041 0.10
Day 5 47.96 + 3.26*° 38.26+3.26" 39.43+3.57® 51.08+3.99° 055 079 0.01
Complete nursings, %
Day 1 90.37 £0.53* 84.77 +0.59" 88.95+0.55% 85.87+0.77° 0.56 <0.01 0.03
Day 5 94.71+0.48* 94.68+0.39° 9548+ 0.39° 92.08+0.66° 0.14 <0.01 <0.01
Teat disputes, n
Day 1 18.17+6.14 29.33+6.14 7.59+6.73 2548+752 029 0.04 062
Day 5 582+286 6.00+286 3.40+3.14 9.22+351 090 035 0.38
Fights, n
Day 1 139+245 1.00+246  3.60+2.69 7.59 +3.01 012 051 042
Day 5 27.32+13.78 69.67+13.78 62.00+15.10 56.27+16.88 049 024 0.13

Values presented as mean * standard error of mean.
W= Litter weight; PF= Piglet by functional teats; WxPF= Interaction between litter weight and piglet by

functional teats.

Day 1 — 24 hours evaluated on the first day of lactation; Day 5 - 24 hours evaluated on the fifth day of lactation.
Complete nursings= percentage of piglets with nursings considered complete.
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Figure 2. Percentage of piglets without repeated nursings or repeated once, twice, three four or
> five times during 24 hours on day 1 and day 5, according to the number of piglets by

functional teats.

Day 1 did not differ between groups (P > 0.18). On day 5, the exc+1 group had a lower number
of piglets that never missed a suckling (P = 0.04) and an increase in the percentage of piglets

that missed one suckling (P = 0.05).
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Figure 1S. Distribution of lesion score in different parts of the mammary gland on day 0, 5 and 20 of lactation according to weight class of litter and number of piglets

in relation do functional teats.

W= Litter weight; PF= Piglet by functional teats; WxPF= Interaction between litter weight; OR= Odds ratio for weight class.

Day 0 — day of equalization of litters and beginning of the treatment; Day 5 — five days of lactation; Day 20 — twenty days of lactation.
Udder and teat lesion score:0 - no wounding, 1 - one or two superficial scratches not penetrating the full derma thickness, 2 - more than three superficial scratches, 3 - superficial scratches, and less than
three deeper wounds, 4 - superficial scratches and more than three deeper wounds, 5 - deep and large wounds (laceration) and 6 - deep and infected wounds (GALLOIS et al., 2005).
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4. CONSIDERACOES FINAIS

A equalizacdo de leitegadas € uma estratégia amplamente utilizada para melhorar o
desempenho e sobrevivéncia dos leitdes. No entanto, com o aumento do numero de leitGes
nascidos se faz necessario atualizar os modelos disponiveis de equalizacdo, visto que grande
parte das fémeas possui mais leitbes que tetos disponiveis.

Os resultados no presente estudo mostram que € possivel manter um leitdo adicional ao
numero de tetos funcionais da fémea, independente da classe de peso da leitegada. Além disso,
fémeas com um leitdo excedente ndo apresentam impacto na condi¢do corporal, e possuem
menos tetos livres ao longo da lactagdo. No entanto, um leitdo adicional na leitegada prejudicou
a taxa de removidos, sendo necessario tracar estratégias para reduzir esse percentual de
removidos.

Equalizar leitegadas bioldgicas com um leitdo excedente € uma estratégia promissora
para rebanhos hiperproliferos, sem prejudicar o nimero leitdes/fémea ao dia 20 de lactagao.
Podendo assim reduzir o nimero de mées de leite e com melhor aproveitamento do aparelho
mamario da fémea ao longo da lactacdo. No entanto, sdo escassos 0s estudos que equalizam
leitegadas com leitdes excedentes ao nimero de tetos funcionais da fémea, sendo assim mais

pesquisas Sao necessarias
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