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MORAES, Daniel Carnevale de Almeida. Capsaicina para fémeas suinas em fase
final de gestacao e lactacéo. 2020. 74 f. Dissertagédo (Mestrado em Ciéncia Animal)
— Universidade Estadual de Londrina, Londrina, 2020.

RESUMO

A capsaicina é um alcaldide reconhecidamente utilizado como aromatizante e
palatabilizante, efeitos que podem incrementar o consumo de racdo em matrizes
suinas em fase de lactacdo, sobretudo em condicbes de estresse térmico,
exercendo adicionalmente atividades antioxidantes e imunoestimulantes. O objetivo
deste trabalho foi avaliar os efeitos de um produto a base de capsaicina sobre o
consumo de racdo de matrizes suinas, a imunomodulacéo e as repercussfes sobre
a performance da leitegada e o controle dos quadros diarreicos dos leitdes. Foram
utilizadas 132 fémeas gestantes e lactantes e suas respectivas leitegadas, 66 de
cada grupo, submetidas a dois tratamentos: controle (dieta isenta de capsaicina) e
teste (4g de capsaicina por matriz/dia). As matrizes foram tratadas entre os 95 dias
de gestacdo e os 21 dias de lactacdo. Foram avaliadas a espessura de toucinho,
consumo de racéo na fase de lactacdo, producéo de colostro, concentracdo de IgG
no colostro, performance reprodutiva da matriz, desempenho dos leitdes e
ocorréncia de diarreia. Matrizes que receberam capsaicina apresentaram maior
consumo de racdo (+0.69kg/dia durante a lactacdo), niveis mais elevados de IgG no
colostro (153,80 versus 185,75mg/mL), proporcionaram ganhos de peso da
leitegada 11.22% superiores em relacdo ao controle, com ganhos de peso
individuais dos leitdes superiores a 5.24% (P<0,05), e efetiva (P<0,05) reducéo da
frequéncia de diarreia dos leitdes. A capsaicina € um aditivo com potenciais efeitos
na performance da matriz, com influéncias positivas sobre a saude e o desempenho
dos leitdes lactentes.

Palavras-chave: Pimenta. Maternidade. Leitdes. Extratos de plantas. Diarreia.



MORAES, Daniel Carnevale de Almeida. Capsaicin for sows in the final stages of
gestation and lactation. 2020. 74 p. Dissertation (Master’s Degree in Animal
Science) — State University of Londrina, Londrina, 2020.

ABSTRACT

Capsaicin is a recognized alkaloid to be used as a flavoring and palatability agent,
effects that can increase feed intake in swine in the farrowing, especially under
conditions of thermal stress, additionally exercising antioxidant and immunostimulant
activities. The objective of this work was to evaluate the effects of a capsaicin-based
product on the feed intake of sows, immunomodulation and the repercussions on
litter performance and control of piglet diarrheal conditions. 132 pregnant and
lactating sows and their respective litters were used, 66 from each group, submitted
to two treatments: control (capsaicin-free diet) and test (4g of capsaicin per ma/ day).
The sows were treated between 95 days of gestation and 21 days of lactation.
Backfat thickness, feed intake during lactation, colostrum production, I1gG
concentration in colostrum, reproductive performance of the sow, piglet performance
and diarrhea were evaluated. Swine females that received capsaicin had higher feed
intake (+0.69kg/day during lactation), higher levels of IgG in colostrum (153.80
versus 185.75mg/mL), provided litter weight gains 11.22% higher in compared to
control, with individual piglet weight gains greater than 5.24% (P <0.05), and effective
(P<0.05) reduction in the frequency of piglet diarrhea. Capsaicin is an additive with
potential effects on the performance of the sow, with positive influences on the health
and performance of the suckling piglets.

Keywords: Pepper. Farrowing. Piglets. Plant extracts. Diarrhea.
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1 INTRODUCAO

As mudancas nos métodos de producdo nas Ultimas duas décadas,
principalmente com a adocdo de sistemas de criagdo cada vez mais intensivos,
aumentaram a presséao de infeccéo e os niveis de estresse para os animais, fazendo
com que o uso de antimicrobianos se tornasse essencial neste modelo de producéo
animal (BARCELLOS et al., 2012).

Os antimicrobianos, na condicdo de promotores de crescimento, exercem
esta funcdo por meio da regulacdo da microbiota intestinal que, por sua vez,
repercute direta e indiretamente na qualidade do epitélio intestinal, melhorando a
disponibilidade e a absorcdo de nutrientes, reduzindo as demandas metabdlicas e
incrementando as fungées imunoldgicas do trato gastrintestinal (MORES, 2014).

No entanto, a preocupacgdo crescente de que o uso de concentracdes
subterapéuticas dos antibidticos nas dietas de animais de producdo resulte no
surgimento de microrganismos resistentes, com riscos a saude humana (SILVA,
2000), levou a restricdo desta conduta, que tem se generalizado em todo o mundo,
iniciando-se com a Unido Europeia que afastou os antimicrobianos promotores de
crescimento em janeiro de 2006 (GAGGIA et al., 2010).

Embora ndo seja comum a utilizacdo de antibiéticos na fase de gestacao e
maternidade como promotores de crescimento, os antibidticos podem ser utilizados
com concentracfes terapéuticas ou subterapéuticas para as fémeas suinas recém
paridas, as quais influenciam a colonizacdo primaria do intestino neonatal € e pela
microbiota ambiental no momento do parto, onde ja foi observado que amostras de
leitbes recém- nascidos indicaram transmissdo vertical das bactérias resistentes
(CHEN et al., 2018; BUROW et al., 2019).

Portanto, é necessario buscar alternativas para minimizar o impacto da
retirada dos antimicrobianos de suinos, pois a ma absorcao de nutrientes representa
um 6nus econdmico, além de fonte de desequilibrio na microflora microbiana e na
saude intestinal do animal, abrindo portas para diarreias e outras enfermidades
intestinais (METZLER et al., 2008).


https://www.sciencedirect.com/science/article/pii/S0167587718306457?via%3Dihub#bib0075
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Neste sentido, uma série de aditivos denominados alternativos vém
ocupando esta lacuna, com destaque aos probidticos, prebioticos, acidos organicos,

enzimas e os extratos vegetais (COSTA et al., 2007).

Os extratos vegetais sdo metabdlitos secundarios de plantas que podem ser
obtidos diretamente ou sintetizados quimicamente e sdo de grande interesse para
uso como aditivo alimentar (GREATHEAD, 2003), pois, possuem ac¢des antioxidante,

antibacteriana e moduladora do sistema imune (LEE et al., 2004; KHAN et al., 2014).

Dos muitos extratos de plantas conhecidos, a capsaicina, obtida da pimenta
(Capsicum spp), tem reconhecidos beneficios também na salde humana, como seu
efeito gastroprotetor (MOZSIK et al., 2005), e atividade antioxidante, principalmente
devido a presenca de compostos fendlicos, teor de vitamina C e capsaicinoides
totais (MATERSKA; PERUCKA, 2005; FARHOUDI et al., 2019).

Na suinocultura tem sido observado cada vez mais um maior nimero de
leitbes nascidos, aumentando as fisicas da matriz suina, com maior chance de
leitdes fracos e maior probabilidade de mortes. Na fase de maternidade, um setor
onde as fémeas e leitdes encontram grandes desafios, tem se buscado alternativas
para melhor desempenho dirigido a manejos de granja que possibilitem melhor bem
estar animal. Dentro deste contexto, a capsaicina pode ser uma possibilidade para
reduzir alguns desafios, tais como melhora na imunidade dos leitdes e maior
producéo de leite (RANGSTRUP-CHRISTENSEN et al., 2018).

O presente trabalho tem por objetivo avaliar os efeitos da capsaicina em alta
dosagem nas fémeas em fase final gestacdo e periodo de lactacdo e suas

respectivas leitegadas em um sitio de maternidade com desafio sanitéario.
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2 REVISAO DE LITERATURA
2.1 A FEMEA SUINA NO CONTEXTO DA PRODUCAO

A suinocultura apresentou ganhos significativos de produtividade,
principalmente no numero de leitdes nascidos e de desmamados/fémea/ano,
evoluindo para numero superiores a 30 leitbes desmamados (WENTZ et al., 2010).
Destaca-se em 2017 uma granja comercial no Brasil que atingiu a cifra de 36,17
desmamados (AGRINESS, 2018).

Esse aumento de produtividade da suinocultura representa um desafio as
fémeas suinas. Um maior nimero de desmamados aumenta 0s requerimentos
nutricionais e as estratégias de alimentacdo das matrizes (YANG et al., 2009), em
especial na fase de lactacdo onde, segundo Bergsma et al. (2009), 65% da energia
metabolizavel consumida e/ou de reservas corporais da matriz é direcionada para o
crescimento de leitdes durante a lactacdo. Além disso, sabe-se que este aumento de

leitdes exige intervencdes especiais de manejo e manejo qualificado.

Autores relatam que ha uma complexidade de fatores que devem ser geridos
para otimizar os resultados, indicando que um gerenciamento adequado da condicao
corporal da porca no final da gestacdo é essencial. A preservacdo da harmonia de
um anabolismo gestacional com um catabolismo lactacional controlado é
fundamental para a obtencdo de resultados reprodutivos competitivos e viaveis.
Decaluwé et al. (2013) observaram que alterac6es das reservas de gordura nas
fases finais de gestacdo (entre 85 e 105 dias de prenhez) comprometeram
negativamente a producao de colostro, um dos elementos mais importantes para a

sobrevivéncia, a salde e o desenvolvimento do lactente.

A condicdo de escore corporal e longevidade da leitoa tem grande
importancia estratégica na granja, pois essa € a0 mesmo tempo um animal sensivel,
com menor imunidade se comparado as matrizes suinas. Um exemplo relativo a esta
observacgéo é a elevada taxa de descarte a qual fémeas de ciclo um a trés possuem
em relacdo as demais idades reprodutivas. Se a fémea suina for descartada
precocemente, a estrutura etaria do rebanho sera prejudicada, e essas matrizes nao
poderdo atingir o desempenho maximo, ocasionando a reducdo de longevidade e

afetando negativamente a produtividade geral. (BERGMAN, et al., 2018).
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Dos fatores envolvidos nestas causas de descarte estdo predominantemente
aqueles associados a producao efetivamente, como falsa gestacdo, cios de baixa
expressao, atraso no retorno ao estro, abortos, metrites, longos intervalos entre

paricbes, mumificacéo, distocia no parto etc. (ENGBLOM et al., 2007).

A avaliacao dos niveis de gordura na regido lombar também é importante em
leitoas porque a condicdo corporal destas tém influéncia significativa nos ciclos
subsequentes (TUMMARUK et al., 2001).

Sasaki et al. (2012) sugeriram que uma fémea suina precisa produzir trés
leitegadas para alcancar um valor presente liquido positivo, ao passo que também
estimaram que para o desempenho global do rebanho rentavel, as fémeas devem

ser descartadas dentro dos ciclos de paridade de cinco a nove.

Os desafios para as fémeas incluem doencas, questdes nutricionais e
relacionados a reproducéo, que levaram profissionais da area a coletar e monitorar
sistematicamente varios dados de producdo. A analise de dados da granja pode ser
usada de forma a maximizar o potencial reprodutivo da matriz, a produtividade e a
estabilidade dos rebanhos (KOKETSU; TANI; LIDA; 2017), além de serem Uteis para
identificar quais fatores de gerenciamento estdo associados ao desempenho limitado

de matrizes e leitdes.

Outro desafio enfrentado € com relacdo as altas temperaturas ambientais
nas granjas, principalmente aquelas localizadas em regibes quentes durante o
verdo, pois a fertilidade e a prolificidade tendem a ser comprometidas neste periodo.
A taxa de paricdo é menor no verdo, sendo também menor o nimero de leitbes
nascidos vivos oriundos de porcas inseminadas no verdo em relagcdo aquelas

inseminadas no inverno ou primavera. (AUVIGNE et al., 2010).

Uma das possiveis causas é a sensibilidade da fémea suina ao aumento da
temperatura ambiente devido a sua dificuldade de auto regulacdo da temperatura
corporal. Temperaturas ambientais aumentadas podem levar a reducéo de producéo
de leite e a0 menor desempenho das matrizes na fase de gestacdo e lactacéo
(LEWIS; BUNTER, 2011).

Situacbes de desconforto da matriz lactante, em razdo de temperaturas

elevadas na maternidade, sdo comuns, interferindo também diretamente no consumo
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de racdo (GOURDINE et al., 2007). A temperatura é considerada como o principal
fator ambiental que afeta o consumo voluntario de racdo. Na maternidade, as
categorias envolvidas tém o limite de termoneutralidade muito distintos. O limite
inferior da zona de conforto térmico dos leitbes estd ao redor de 30°C, enquanto o
limite superior da zona de conforto térmico da mée é inferior a 24°C, gerando um
desafio na rotina do manejo neste setor (CLOSE; COLE, 2001).

Bloemhof et al. (2008) demonstraram que matrizes suinas selecionadas para
um aumento de taxa de paricdo foram mais sensiveis ao estresse térmico, com
reducdo na taxa de partos para a primeira gestacao e reducdo do numero total de

nascidos, em relacéo a linhas ndo selecionadas para aumento de taxa de parto.

Além da temperatura, a fémea também é desafiada na fase de lactacdo com
certa frequéncia, pois pode enfrentar quadros de mastite, disgalactia e febre com
temperaturas acima de 39,5°C (KLOPFENSTEIN et al., 2006), com repercussoes
negativas nos leitbes, que sujeitos a uma insuficiente ingestdo de colostro e leite tém

um desempenho prejudicado, ficando mais expostos as infec¢des, a diarreia e a morte.

2.2 LEITAO: DO NASCIMENTO AO DESMAME

A placenta da espécie suina é do tipo epitéliocorial difusa, o que impede a
passagem de macromoléculas para os fetos, fazendo com que 0os mesmos sejam
agamaglobulinémicos ao nascimento (BLAND et al., 2003). Esse tipo de placenta
nao permite a transferéncia de fatores imunol6gicos maternos para a circulacao fetal,
ao contrario da placenta hemocorial humana, que possui duas camadas celulares.
Portanto, os leitdes recém-nascidos sdo muito vulneraveis imediatamente apos o
nascimento (ROOKE; BLAND, 2002), demandando que venham a ingerir
satisfatoriamente o colostro logo apés o nascimento para adquirirem imunidade

passiva de porcas.

Rooke et al. (2003) demonstraram que o volume de colostro ingerido durante as
primeiras 24 horas de vida afeta o desenvolvimento da capacidade de produzir IgG em
leitdes, demonstrando uma clara correlacdo da concentracdo plasmatica de 1gG no

desmame com o volume de colostro ingerido durante as primeiras 24 horas de vida.
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A imunoglobulina predominante no colostro é a IgG (ARIZA-NIETO et al.,
2011). A medida que a lactacdo evolui, as concentra¢des de IgG diminuem e a IgA

torna-se a imunoglobulina mais importante (OSWALD, 2006).

Ogawa et al. (2016) demonstraram que a ingestdo de colostro durante as
primeiras 24 h de vida tem um papel no desenvolvimento pds-natal precoce de
imunidade mucosa (IgA) e sistémica (IgG e de células B de tecidos linféides
secundarios) de leitdes, comprovando seu papel sobre a melhora da sobrevivéncia e
o desenvolvimento com efeitos persistentes nas fases de crescimento e imunidade
(DEVILLERS; LE DIVIDICH; PRUNIER, 2011).

A ingestéo insuficiente de colostro foi identificada como uma das principais
causas de mortalidade neonatal na producdo de suinos (EDWARDS, 2002),
afetando também, pelo aporte de energia que proporciona, a termorregulacdo do
leitdo (LE DIVIDICH et al., 2005).

Leitbes que nascem mais leves e competem com leitbes maiores e mais
pesados no memento do colostro, comumente ingerem menos colostro (MILLIGAN;
DEWEY; DE GRAU, 2002). Também, leitdes mais leves possuem menores reservas

energéticas, resultando em mais sensibilidade ao frio.

De acordo com Caceres et al. (2001), o peso de nascimento é inversamente
proporcional a mortalidade na maternidade, e a desuniformidade, outro fator nao
desejavel ao nascimento, representa um risco relacionado com este indice. As
mortes de leitbes neonatais ocorrem principalmente devido a privagdo de alimento,
tornando-0os mais apaticos e letargicos, aumentando os risco de mortes por
esmagamento (DAMM; FORKMAN; PEDERSEN, 2005).

O cuidado nutricional com as matrizes durante a gestacao e a lactacao séo
essenciais para atender as demandas do leitdo quanto a saude e o desempenho. A
producao de leite e 0 ganho de peso dos leitdes foram afetados positivamente com o
aumento de consumo proteico na gestacdo e na lactacdo (KUSINA et al., 1999).
Koketsu et al. (1996) analisaram o padrdo de consumo das fémeas lactantes e
observaram que fémeas com maiores quedas de consumo (diminuicdo maior que

1,6 kg por no minimo dois dias) tiveram leitegadas mais leves ao desmame do que
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aguelas que apresentaram consumo sem quedas ou reducdo pequena durante a

lactacéo.

A eficiéncia na fase do leitdo lactente depende principalmente da producéo
de leite da fémea suina (BARROS et al., 2008). As falhas lactacionais levam ao
comprometimento na producao de leite e susceptibilidade do leitdo a hipoglicemia,

as perdas neonatais e baixo desempenho dos leitdes (FALCETO et al., 2012 ).

Pode-se citar o complexo de enfermidades digestivas que afetam animais
lactentes logo apdés o desmame como outra causa de prejuizo na fase inicial de
producdo de suinos. (SANTOS et al.,, 2002). As doencas entéricas representam
importantes perdas econdémicas, seja pela mortalidade direta ou indireta, pela perda
de peso, retardo de crescimento dos leitdes e custos dos tratamentos (BARTH, et
al., 2011).

As diarreias podem ser definidas como multifatoriais e multietiolégicas,
sendo consideradas como um quadro cuja complexidade determinara a variagcdo na
taxa de morbidade, na intensidade e gravidade dos episddios diarreicos e na taxa de
mortalidade dos leitdes (ALFIERI et al., 2010).

A Tabela 1 descreve as principais diarreias observadas nas granjas no setor

de maternidade de acordo com a idade dos leitdes.

Tabela 1. Principais diarreias em granja na fase de maternidade

Setor Idade (dias) Patdgeno
. Escherichia Coli, Clostridium spp, diarreia
Maternidade 0-5 o ]
nutricional, Rotavirus, Isospora
Maternidade 6-21 Isospora, Rotavirus, E Coli, Cryptosporidium

Adaptado de Zlotowski; Driemeier; Barcellos (2008).

A diarreia ndo pode ser negligenciada, merecendo precocemente um
diagnéstico diferencial. A multifatoriedade do processo causador de diarreia, que
pode ser de origem fisiologica, ambiental, ou ligados a fatores de manejo, que
incluem os procedimentos realizados na granja, o animal, imunidade ou a presenca
e interacOes de patégenos, demandam ser conhecidos. A maioria dos estudos sobre

a diarreia em leitdes se concentra em um Unico agente, o que pode levar a uma
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visdo parcial do problema (RUIZ et al., 2016), que pode aumentar a persisténcia do

quadro.

Como forma de correcdo de manejo, os desafios na producdo suinicola
anteriormente citados tém sido abordados principalmente com o uso de antibi6ticos
em niveis subterapéuticos, amplamente utilizados nas industrias de suinos e aves,
para melhorar a taxa de crescimento e a eficiéncia da utilizacdo de alimentos, bem
como reduzir a morbidade e a mortalidade (CROMWELL, 2002).

E importante ressaltar que um bom controle do sistema produtivo, sanidade
animal e biosseguridade sdo normas que auxiliam na substituicdo dos
antimicrobianos (Bezerra et al., 2017), pois como consequéncia da melhora da
saude animal da granja pode haver reducdo do uso de medicamentos. Nesse
sentido, foram tomadas algumas medidas no Brasil afim de melhorar o controle nas
producdes suinicolas. Em 4 de dezembro de 2017 foi publicado a IN n°® 44, com o
objetivo de reconhecer e atestar a situacdo sanitaria da producdo de suinos sob
gestdo de biosseguridade e vigilancia epidemiolégica, certificando granjas livres de
doencas como Febre Aftosa e Peste Suina Classica. Outra acdo nesse ambito foi a
criacdo da comissdo de Peste Suina Africana (PSA) em 25 de novembro de 2019
pela Portaria n°® 273, para realizar acdes preventivas relacionada a PSA. (BRASIL,
2017; BRASIL, 2019a).

2.3 ANTIBIOTICOS

A escala de producédo de suinos nas granjas é cada vez maior e ha pressao
para reduzir o uso de antimicrobianos na produgao animal (STOESS, 2014). A Unido
Europeia baniu os antimicrobianos promotores de crescimento nas dietas de suinos
em janeiro de 2006 e nos EUA, a partir de 1° de janeiro de 2017, foi efetivado novo

regulamento de uso de antibidticos em ragbes (BEEK, 2017).

No Brasil, em 2016, foi elaborado a instrugdo normativa (IN) n® 14, que
alterasse os anexos |, Il e Ill da IN n°® 65 e incluiu a exigéncia de se ter autorizacéo para
uso de medicamentos veterinarios, como estabelecimentos que pretendem utilizar o
medicamento na alimentacdo animal, e que pretendem utilizar o premix com

medicamento, aumentando o controle sobre 0 uso de antibidticos em fabricas de ragbes
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de produtores independentes (BRASIL, 2016a). A IN 14 e IN 65 foram prorrogadas pela
IN 17 em julho de 2019 para vigorar em julho de 2020 (BRASIL, 2019b).

Outra medida tomada nesse sentido, decorreu do alerta e recomendacoes
de organizacgfes internacionais, como a propria Organizacdo Mundial da Saude
(OMS), com reflexo direto para a suinocultura brasileira, através da criacao da IN 45
em 22 de novembro de 2016 pelo Ministério da Agricultura, Pecuéaria e
Abastecimento (MAPA), proibindo o uso da colistina na alimentacdo animal com o
objetivo de aditivo zootécnico melhorador de desempenho, liberando seu uso
exclusivamente para o tratamento de enfermidades (BRASIL, 2016b).

Nesse sentido de restricdo e uso racional de antibioticos, foi elaborado a IN
n°® 171 em dezembro de 2018, com a intensdo de proibicdo de antimicrobianos
tilosina, lincomicina, virginiamicina, bacitracina e tiamulina com a finalidade de
aditivos melhoradores de desempenho (BRASIL, 2018). Da mesma forma, foi
publicado a IN n° 1 no dia 23 de janeiro de 2020 a proibicdo do uso dos antibioticos
tilosina, lincomicina e tiamulina como aditivo para melhorar o desempenho dos
animais, pois foram classificados como importantes para uso na medicina humana.
(BRASIL, 2020).

A partir dessas restricdes impostas a producdo na suinocultura nacional e
mundial, a busca de alternativas aos antibiéticos gerou consideravel interesse nos
altimos anos. A nova geracao de aditivos para alimentagcdo animal inclui extratos de
plantas e 6leos essenciais, e seus efeitos benéficos para a producdo animal vem
sendo bem documentados (WINDISCH et al., 2008; GONG et al.,, 2014). Dentre

esses destaca-se a capsaicina, extrato fitoterapico da pimenta.
2.4 A CAPSAICINA

As pimentas pertencem a seguinte categoria botanica: divisao:
Spermatophyta; filo: Angiospermae; classe: Dicotiledbnea; ramo: Malvales-
Tubiflorae; ordem: Solanales (Personatae); familia: Solanaceae; género: Capsicum
(CARVALHO et al., 2009). A pimenta Capsicum spp. apresenta expressiva
importancia econdémica e social para o agronegocio mundial, associada, em grande

parte, ao seu alto aproveitamento na culinaria para temperos (PINTO et al., 2013).
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A capsaicina € um componente aromatizante pungente significativo nos
pimentdes verdes e vermelhos, que sdo amplamente usados como especiarias. De
acordo com Brugalli (2003), a capsaicina € um composto aromatico e principal
componente de pimentas, estimula secrecdo de enzimas pancreéticas, promovendo

redugéo da viscosidade intestinal e melhorando os processos digestivos.

A capsaicina é o principio ativo da planta que é eficaz na estimulacdo salivar
secrecdo com a producdo de amilase, e estimula a secrecdo de enzimas intestinais
e pancredaticas em animais ndo ruminantes que levam a melhorar a digestdo e a
disponibilidade de nutrientes (COSTA et al., 2011).

A picancia das pimentas se deve a presenca de compostos quimicos
chamados de capsaicindides (MANIRAKIZA, COVACI e SCHEPENS, 2003).
Capsaicindides sdo alcaldides que estimulam as terminacdes nervosas
quimiorreceptoras na pele e principalmente membranas mucosas. Eles sdo unicos

no reino Plantae e restringem-se ao género Capsicum (NARASIMHA et al., 2006).

Conforme o processo de amadurecimento, os frutos de Capsicum sofrem
mudancas em seus componentes, especialmente no conteido de capsaicindides.
Este fato interfere na dispersdo das sementes, ja que um alto conteudo de dessa
substancia resulta em fruto bastante picante. Dos aproximadamente 14
capsaicinbides existentes, 0os que ocorrem em maior quantidade sao a capsaicina
(trans-8-metil-N-vanilil-6-nonenamida), a dihidrocapsaicina (8-metil-N-
vanillynonanamida) e a nordihidrocapsaicina (TEWKSBURRY; NABHAN, 2001)

As espécies de Capsicum, da familia de plantas Solanaceae, séo as fontes de
capsaicinoides pungentes, que sao formados pela fusdo da vanilina amina e &cidos
graxos ramificados. A capsaicina (1) e diidrocapsaicina (DHC, 2) sdo os principais
representantes, que juntos somam mais de 90% do total de capsaicinoides em espécies
de Capsicum (Figura 1). A fonte desses compostos pungentes pode ser rastreada até
as células da placenta em frutos de Capsicum. (PERUCKA; OLESZEK, 2000).
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Figura 1. Estrutura quimica da capsaicina
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Adaptado de Prasch et al.( 2019).

Ha alguns trabalhos avaliando o efeito a capsaicina com outros extratos de
plantas, como o estudo do desafio da doenca com uma Escherichia coli patogénica,
qgue indicou que a inclusdo de dose baixa (10 mg/kg) de oleoresina de capsaicina,
oleoresina de carcuma ou alho reduziu a frequéncia de diarreia e melhorou a saude
intestinal de leitdes recém-desmamados, como indicado pela melhoria da fungéo e

integridade das vilosidades intestinais e da barreira intestinal (LIU et al., 2013a).

Também foi demonstrado que a inclusdo de oleoresina de capsaicina,
oleoresina de alho e acafrdo em dietas para suinos desmamados desafiados com o
virus da sindrome reprodutiva e respiratoria porcina (PRRSV) pode ajudar a aliviar
0S impactos negativos da infeccdo, como indicado pela reducdo da carga viral e
concentracdes séricas de mediadores inflamatérios, e encurtar o tempo de febre em
porcos infectados com PRRSV (LIU et al., 2013b).

A mistura de carvacrol, cinamaldeido e oleoresina de capsicum, que ja esta
presente no mercado de aditivos para ragdo também age como estimulante do
apetite e melhorador da digestdo, provando ser um modulador do ecossistema
microbiano intestinal (MANZANILLA et al., 2004).

Jamroz et al. (2006) investigaram em aves a capacidade dos extratos de

plantas (100 mg/kg contendo 5% de carvacrol, 3% de cinamaldeido e 2% de
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oleoresina de capsicum) sobre as caracteristicas morfologicas e histoquimicas das
paredes do estdbmago e jejuno. Os resultados deste estudo mostraram que a
liberacdo aumentada de grandes quantidades de muco e a criagdo de uma espessa
camada de muco no estdbmago glandular e na parede do jejuno em galinhas
alimentadas com dietas com extrato vegetal poderiam sugerir propriedades
protetoras. Isso pode explicar a possibilidade reduzida de adesdo ao epitélio e ao
numero de Escherichia coli, Clostridium perfringes e fungos no conteudo intestinal de

aves alimentadas com essa suplementacao.

O mecanismo de acao da capsaicina e o potencial receptor transiente do tipo
vaniloide (TRPV1) tem sido descrito por alguns autores. Leung (2008) relatou que a
adicao de capsaicina a dieta de roedores reduziu o peso da gordura visceral e pode

ser atribuida a um aumento na expressdo do TRPV1.

A ligacdo da capsaicina ao potencial receptor transiente do vanildide
(TRPV1) leva a liberacdo da substancia P, que por sua vez estimula as fibras C.
Essa ativacdo é responsavel pela conhecida sensacdo de queimacao, dor e
inflamagé&o. Os receptores de calor e dor séo ativados e levam a um aumento da
circulagdo, o que resulta em uma remogao pronunciada de substancias
desencadeadoras da dor (HALME et al., 2016).

Estes sinais nociceptivos e compostos proé-inflamatérios desencadeiam um
potencial de acdo ao longo da fibra nociceptiva em direcdo ao sistema nervoso
central para serem percebidos como dor. Estes sinais sdo detectados por alguns
membros da familia TRP de canais i6nicos, que sdo diretamente ativados por seus
agonistas e indiretamente por mediadores pré-inflamatérios (Figura 2) (GONZALEZ-
RAMIREZ et al., 2017).

Figura 2. Transdugdo de sinal de dor. (a) estimulacdo do nociceptor por dano

tecidual. (b) Sinais detectados por alguns membros da familia TRPV.
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Fonte: Gonzalez-Ramirez et al. (2017).

Transducéo de sinal de dor. (a) estimulagdo do nociceptor por dano tecidual. (b) Sinais detectados
por alguns membros da familia TRP, sdo ativados por seus agonistas e indiretamente por mediadores
pro-inflamatérios. DRG: ganglio da raiz dorsal; TG:ganglio trigeminal).

Ao ancorar a capsaicina no estado fechado ou para abrir estados com ou sem
movimentos do suporte principal, surgem 0s eventos sequenciais subjacentes a
ligacdo da capsaicina e a ativacdo do TRPV1. Observa-se que a cauda e 0 pescoco
da capsaicina entram em contato com o canal primeiro, mediados pela interacdo de
van der Waals e pela ligagcdo de hidrogénio, respectivamente. Posteriormente, a
cabeca da capsaicina forma uma ligacdo de hidrogénio com E571 no sitio de ligacdo
S4-S5, que estabiliza seu movimento externo e a subsequente abertura do portdo de
ativacdo S6 (SALAZAR et al., 2009).
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Figura 3. Mecanismo de ativacao do receptor TRPV1 pela capsaicina.
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Fonte: Adaptado de Yang e Zhieng (2017).
llustracdo resumindo a ligacao da capsaicina e a ativagdo do TRPV1.

Entre os efeitos da capsaicina, Dunshea et al. (2003) demonstraram uma
melhora no desempenho do crescimento com a inclusdo da vaniliinonamida, um
analogo de capsaicina, nas dietas de suinos de terminacdo. A curcuma ou a mistura
de cdrcuma com capsaicina aumentou a resisténcia em frangos a doencas entéricas,

como a coccidiose e enterite necrética (LEE et al., 2013).

A suplementacdo dietética de frangos de corte recém-nascidos com uma
mistura de curcuma longa, Capsicum annuum, pimenta, e Lentinus edodes melhorou
0 ganho de peso corporal e os titulos de anticorpos séricos contra profilina, e reduziu
0s oocistos fecais em aves tratadas com Eimeria acervulina, em comparacdo com as
aves alimentadas com a dieta controle ou uma dieta contendo Capsicum com
Lentinus (LEE et al.,, 2010). Também foi observado que o aditivo fitogénico
influenciou positivamente o consumo diério de ragdo, o ganho de peso diario e a
utiizacdo de racdo e melhorou o desempenho do crescimento em suinos.
(BAUMANN et al., 2003).

A capsaicina possui um efeito antioxidante, pois além de conter nutrientes, a

pimenta apresenta uma série de substancias com propriedades antioxidantes que
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podem intervir de forma benéfica sobre o curso de doencgas entéricas, contribuindo
assim para a saude intestinal. Dentre tais compostos pode-se destacar o acido
ascoérbico, os capsaicinodides, o tocoferol e carotenoides, substancias estas que
possuem efeitos importantes na protecdo contra o dano oxidativo causado pelos
radicais livres (OGISO et al., 2008).

Segundo Lee et al., (2003), o fornecimento da dose de 3 mg/kg de peso
corporal de capsaicina para ratos durante trés dias consecutivos mostrou uma
reducdo do estresse oxidativo medido como malonaldeido no figado, pulmé&o, rim e
musculo. Através deste resultado, podemos inferir que a capsaicina pode ser um

potente antioxidante, mesmo quando consumida por um curto periodo.

Segundo Melo et al. (2011), a atividade antioxidante das pimentas ndo esta
relacionada apenas com o teor de compostos fendlicos, mas também com a
quantidade de capsaicinodides encontrados. Os niveis desses compostos na pimenta
dependem de muitos fatores, incluindo -cultivar, maturidade, condi¢cbes de
crescimento e clima (ZHUANG et al., 2012).

Outro efeito estudado da capsaicina é a relagdo com a inflamacdo. Com o
crescente interesse em alternativas aos agentes anti-inflamatoérios néo esteroidais no
manejo da inflamacéo crénica, o uso de abordagens baseadas em alimentos segue
em crescimento (SRINIVASAN, 2016). Diversos estudos in vitro e in vivo

demonstram potencial anti-inflamatério da capsaicina.

O mecanismo de acdo anti-inflamatéria da capsaicina foi investigado na
producdo de moléculas inflamatérias em macréfagos peritoneais estimulados por
lipopolissacarideos (LSP). A capsaicina mostrou uma atividade inibitoria significativa
na producdo de prostaglandina E2 (PGE-2) induzida por LPS por macréfagos
peritoneais (KIM et al., 2003).

A capsaicina é um dos principais agonistas do receptor TRPV1, que causa
analgesia por uma série de mecanismos propostos como desensibilizacdo, pela
disfuncdo do nociceptor, deplecdo de neuropeptideos, e destruicdo dos terminais
simpaticos que expressam o TRPV1 (SCHUMACHER et al., 2010).

Adicionalmente, a capsaicina possui propriedades farmacéuticas de acao
analgésica e ja foi utilizada em concentragbes entre 0,025% e 0,075% como um



28

creme para o alivio temporario de pequenas dores e dores musculares e articulares
associadas a artrite, simples dores nas costas, distensdes e entorses (DERRY et al.,
2009). Aplicacdes intranasais repetitivas de capsaicina podem também ajudar no
tratamento de enxaqueca cronica (GREGIO et. al., 2008).

A acdo estimulante digestiva da capsaicina é provavelmente exercida
através da estimulacdo do figado para produzir e secretar bile rica em acidos
biliares, que desempenham um papel muito importante na digestdo e absorcédo da
gordura (SRINIVASAN, 2016).

Para animais, seu uso como aditivos dietético em substituicdo aos
antibioticos promotores de crescimento tem sido ampliado. Kim et al. (2010)
identificaram que a capsaicina exerceu expressivo efeito imune com o controle
transcricional dos linfocitos intraepiteliais intestinais de frangos. Nesta mesma linha,
Sancho et al. (2002) e Liu et al. (2012) apontam também os potentes efeitos anti-

inflamatorios relacionados a capsaicina em roedores e em suinos, respectivamente.

Para a espécie suina, Matysiak et al. (2012) observaram que o0 uso de uma
combinacdo de carvacrol, cinamaldeido e capsaicina na dieta de fémeas suinas
antes do parto e durante a lactagcdo resultou na menor perda da espessura de
toucinho durante a lactacdo, incrementou a concentracdo de lactose no leite, com
repercussdes no desenvolvimento da leitegada e na taxa de sobrevivéncia até o

desmame.

As acOes da capsaicina podem estar relacionadas ao incremento do
consumo de racdo, um fato importante para a matriz lactante, cujo catabolismo na
fase pode levar a fémea a maior mobilizacdo de suas reservas corporais, afetando a
qualidade e a saude dos leitbes lactentes e o desempenho da gestacéo
subsequente (MELLAGI et al., 2010).

Em suma, é possivel verificar que em vista da crescente restricdo do uso de
antibidticos, e através de estudos anteriores sobre as propriedades e aplicacdes da
capsaicina que esta possui amplo campo de atuacéo, configurando-se como opcéo

de aditivo fitogénico nutricional com efeitos benéficos para a produgdo animal.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

O presente projeto tem por objetivo avaliar os efeitos da capsaicina em alta
dosagem nas fémeas em fase final gestacdo e periodo de lactacdo e o desempenho
zootécnico das respectivas leitegadas em uma granja comercial com desafio

sanitario.

3.2 OBJETIVOS ESPECIFICOS

Avaliar o efeito do fornecimento de capsaicina sobre o desempenho de
fémeas, e mensurar o consumo de racdo das fémeas na fase de lactacdo, e a
condicdo corporal de matrizes gestantes e lactantes submetidas a dietas com

capsaicina.

Avaliar a ingestdo de colostro e o nivel de imunoglobulinas dos leitbes 24
horas apds o parto.

Avaliar o desempenho zootécnico dos leitdes na fase de maternidade
oriundos de matrizes tratadas com capsaicina, e a frequéncia de diarreia em leitdes

lactentes oriundos de matrizes tratadas com capsaicina.
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Resumo

A capsaicina € um alcaldide reconhecidamente utilizado como aromatizante e
palatabilizante, efeitos que podem incrementar o consumo de racdo em matrizes
suinas em fase de lactacdo, sobretudo em condicbes de estresse térmico,
exercendo adicionalmente atividades antioxidantes e imunoestimulantes. O objetivo
deste trabalho foi avaliar os efeitos de um produto a base de capsaicina sobre o
consumo de racdo de matrizes suinas, a imunomodulacéo e as repercussfes sobre
a performance da leitegada e o controle dos quadros diarreicos dos leitdes. Foram
utilizadas 132 fémeas gestantes e lactantes e suas respectivas leitegadas, 66 de
cada grupo, submetidas a dois tratamentos: controle (dieta isenta de capsaicina) e
teste (4g de capsaicina por matriz/dia). As matrizes foram tratadas entre os 95 dias
de gestacdo e os 21 dias de lactacdo. Foram avaliadas a espessura de toucinho,
consumo de racéo na fase de lactacdo, producédo de colostro, concentracao de IgG
no colostro, performance reprodutiva da matriz, desempenho dos leitbes e
ocorréncia de diarreia. Matrizes que receberam capsaicina apresentaram maior
consumo de racédo (+0.69kg/dia durante a lactacdo), niveis mais elevados de IgG no
colostro (153,80 versus 185,75mg/mL), proporcionaram ganhos de peso da
leitegada 11.22% superiores em relacdo ao controle, com ganhos de peso
individuais dos leitdes superiores a 5.24% (P<0,05), e efetiva (P<0,05) reducéo da
frequéncia de diarreia dos leitdes. A capsaicina é um aditivo com potenciais efeitos
na performance da matriz, com influéncias positivas sobre a saude e o desempenho
dos leitdes lactentes.

Palavras-chave: pimenta, maternidade, leitdes, extratos de plantas, diarreia.
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Capsaicin for sows in the final stages of gestation and lactation

Abstract

Capsaicin is a recognized alkaloid to be used as a flavoring and palatability agent,
effects that can increase feed intake in swine in the farrowing, especially under
conditions of thermal stress, additionally exercising antioxidant and immunostimulant
activities. The objective of this work was to evaluate the effects of a capsaicin-based
product on the feed intake of sows, immunomodulation and the repercussions on
litter performance and control of piglet diarrheal conditions. 132 pregnant and
lactating sows and their respective litters were used, 66 from each group, submitted
to two treatments: control (capsaicin-free diet) and test (4g of capsaicin per ma/ day).
The sows were treated between 95 days of gestation and 21 days of lactation.
Backfat thickness, feed intake during lactation, colostrum production, IgG
concentration in colostrum, reproductive performance of the sow, piglet performance
and diarrhea were evaluated. Swine females that received capsaicin had higher feed
intake (+0.69kg/day during lactation), higher levels of 1gG in colostrum (153.80
versus 185.75mg/mL), provided litter weight gain 11.22% higher in compared to
control, with individual piglet weight gains greater than 5.24% (P <0.05), and effective
(P<0.05) reduction in the frequency of piglet diarrhea. Capsaicin is an additive with
potential effects on the performance of the sow, with positive influences on the health
and performance of the suckling piglets.

Keywords: pepper, farrowing, piglets, plant extracts, diarrhea.
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Implications

Experiments conducted with capsaicin are usually designed together with other plant
extracts (example: carvacrol and cinnamaldehyde). Capsaicin can stimulate greater
production of immunoglobulins, can improve the performance of piglets in the
maternity and increase the feed intake of the sow. In this experiment, capsaicin
extract was provided to the swine breeders in the final stage of gestation and
throughout lactation. Because it is an experiment on a commercial farm, this work

can contribute with information with swine production under real field conditions.

Introduction

The evolution of the reproductive parameters of intensive pig breeding
contrasts with the challenges that hyperprolificity imposes on sows and piglets,
highlighting the limitation of colostrum intake due to the high number of births, which
proportionally does not correspond to the adequate demands for the piglet, with
damages in the passive and active immunoprotection, predisposing animals to
diarrheal conditions, death, and impaired pre- and post-weaning growth (Devillers et
al., 2011).

The swine female can produce between 7 and 12kg of milk/day (Kirkwood;
Thacker, 2001), with metabolic demands that continue to grow (Sobestiansky et al.,
2012). To meet this high milk production, sows with large litter sizes require greater
food consumption (Galiot et al.,, 2018). However, promoting feed intake to
compensate for these needs is not always successful (Sobestiansky et al., 2012),
which can lead the sow to a metabolic challenge by using its body reserves to
prioritize milk production (Pedersen et al., 2019). In turn, a higher feed intake during
lactation or an attenuation in catabolism during this phase improves reproductive
performance in the subsequent cycle (Xue et al., 2012; Shi et al., 2015; Gourley et
al., 2017).

One aspect that has a negative impact on the consumption of the lactating sow
comes from the difficulty that this category has, when housed in environments with
temperatures above its comfort zone, in consuming feed properly. In this case, the sows

reduce their appetite to decrease the production of endogenous heat, due to the



103
104
105
106

107
108
109
110
111
112

113
114
115
116
117

118
119
120
121
122

123
124
125
126
127

128
129
130
131
132

42

thermogenic effect of the food, leading to behavioral changes, such as a decrease in the
intensity of consumption in daily meals and in the time of ingestion (Quiniou et al., 2000),
in addition to physiological changes, such as increased respiratory frequency to facilitate
the maintenance of homeothermy (Martins; Costa, 2008).

In addition, it has been shown that sows under severe catabolic status at the
end of the gestation phase present an increase in oxidative stress (Berchieri-Ronchi
et al., 2011), leading to damage to immune cells, DNA, and systemic impairments
due to the reduction of endogenous antioxidant capacity. Consequently, reproductive
performance, resistance to disease, immune response and longevity can be

negatively affected (Agarwal et al., 2006).

In this scenario, some plant extracts (Zeng et al., 2015), in the condition of
dietary additives, such as capsaicin, an alkaloid from vegetables of the kingdom Plantae
of the genus Capsicum, green and red peppers (Narasimha et al., 2006), with a
significant pungent flavoring effect on green and red peppers (Brugalli, 2003), can

minimize these compromises.

Capsaicin has recognized actions, highlighting its role as an appetite
stimulant, digestion enhancer and modulator of the intestinal microbial ecosystem
(Manzanilla et al., 2004). It also acts in stimulating salivary secretion, with the
production of amylase; and other intestinal and pancreatic enzymes, improving

digestion and nutrient availability (Costa et al., 2011).

The role of pepper spicy is due to the presence of chemical compounds
called capsaicinoids (Manirakiza, Covaci, Schepens, 2003), which stimulate the
chemoreceptor nerve endings in the skin and mainly in the mucous membranes,
stimulating consumption, and which have effective antioxidant activity (Liu et al.,
2012).

Another virtue of capsaicin was identified by Kim et al. (2010), who verified its
expressive immune effect, with the transcriptional control of intestinal intraepithelial
lymphocytes in animals of other species. In association, capsaicin has potent anti-
inflammatory effects in pigs (Sancho et al., 2002; Liu et al., 2012), and its use

combined with carvacrol and cinnamaldehyde, in the diet of swine females before



133
134

135
136
137
138
139

140

43

gestation and during lactation, improved reproductive performance and survival rate

of piglets until weaning (Matysiak et al., 2012).

In view of the potential of capsaicin and the restrictions that sows currently
undergo, the objective of this study was to evaluate this alkaloid, used in diets of
swine females in the final stages of gestation and lactation, aiming to increase feed
consumption, thus favoring the reproductive performance and health of piglets until

weaning.
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Material and methods

The experiment was realized in a commercial full-cycle farm, with capacity for
3600 PIC genetic swine females. 132 sows were used, evaluated during the
gestational period, between 95 and 115 days, and throughout the lactation phase (1
to 21 days), submitted to two treatments, negative control (without capsaicin in the
diet) and test, corresponding to the capsaicin administration (Capcin®, 200g/ton of
feed).

The sows were housed in gestation cages one week before the expected
date of parturition and in individual farrowing cells until weaning, with the
experimental design in randomized blocks (based on the birth order) with 66
repetitions each. In both phases, the units were not air-conditioned, with
temperatures being measured daily using thermometers and hygrometers of
maximum and minimum. Table 1 shows the values of these parameters stratified by
the weeks of evaluation conducted.

Table 1 Values of Temperature and Relative Humidity of the air in the units of
gestation and lactation during the experimental weeks.

Week Phase in Temperature (°C) Relative humidity
experiment Minimum  Maximum Minimum Maximum
1 Gestation 15.0+£27 284+21 393+109 923+54
2 Gestation 179+32 299+43 46.3+598 90.6x+4.2
3 Gestation 176+2.1 29431 701+x147 854+94
4 Lactation 182+34 293+22 523+6.02 886zx7.1
5 Lactation 172+25 297141 46.8+104 92.1+5.2
6 Lactation 188+32 322+36 37.8+844 923+6.3
7 Lactation 195+47 28.0+25 594+986 94.7+8.8

Elaborate by the author

Capsaicin was provided daily "on top" in the first treatment of the day for the
test group, and the same management with the offer of the same amount of feed
without capsaicin for the negative control group. Capcin® was mixed with gestation
and lactation diets in the following proportion 98.6g of feed and 4g of Capcin®, with

the daily dose given “on top” of 100g of this mixture.
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The product was supplied daily on top in the first treatment each day for the
test group, but the same management was also practiced with the offer of the same
amount of food without capsaicin for the negative control group. Capcin® was mixed
with gestation and lactation diets under the following proportion 98.6 g of feed and 4
g of Capcin®, with the dose administered on top of 100 g.

The experimental diets for gestation and lactation (Table 2) were isonutrients
and isoenergetics, being formulated to meet minimum requirements for swine
females with high genetic potential, according to Rostagno et al. (2017).

Table 2 Centesimal composition and energy and nutritional values of the diets used
in the experiment.

Macro Ingredients Gestation Lactation
Sorghum % 77.5 0.00
Corn % 0.00 51.30
Soybean meal % 154 30.0
Wafer meal % 0.00 8.00
Meat meal % 4.75 0.00
Pork fat % 0.50 3.50
Sugar % 0.00 4,00
Calcitic limestone 38% % 0.35 0,60
Dicalcium phosphate 18% % 0.50 1.20
Salt % 0.50 0.25
DL- Methionine % 0.02 0.16
L- Lysine 80% % 0.15 0.43
L- Threonine 98% % 0.12 0.27
L- Tryptophan 98% % 0.01 0.09
Enzyme complex? % 0.10 0.10
Premix2 % 0.10 0.10
Total % 100.0 100.0
Nutritional Levels Gestation Lactation
Metabolizable Energy Kcal/Kg 3170 3450
Crude Protein % 15.85 18.87
Total Phosphorus % 0.57 0.54
Calcium % 0.67 0.64
Crude Fiber % 2.59 3.05
Fat % 3.58 6.77
Ashes % 4.56 4.87
Total Lysine % 0.80 1.33
Digestible Lysine % 0.70 1.20

1Protease-containing enzyme complex, carbohydrase and phytase.
2 Premix, guarantee levels per kg of product: Choline: 75.000 mg kg -1, Vitamin A: 50.000 Ul, Vitamin
D3: 75.000 UI, Vitamin E: 9000 mg kg -1, Vitamin K3: 975 mg kg -1, Vitamin B1: 500 mg kg 1, Vitamin
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B2: 1.200 mg kg -1, Vitamin B6: 750 mg kg %, Vitamin B12: 8.000 mcg kg -1, Vitamin D: 3900 Ul/kg;
Niacin: 5.000 mg kg -1, Pantothenic Acid: 3.000 mg kg -, Folic Acid: 500 mg kg -1, Biotin: 20.000 mg
kg -1, Iron: 30.000 mg kg -1, Copper: 3.000 mg kg -1, Manganese: 17.500 mg kg %, Zinc: 30.000 mg
kg 1, lodine: 200 mg kg %, Selenium: 150 mg kg 1.
The feeding management practiced involved the restricted feeding of
pregnant sows with a single treatment per day; and ad libitum feeding for lactating
breeders, with four feedings per day. Water was provided at will in both phases,

through individual nipple drinkers.

The backfat thickness at point P2 was assessed at 95 days of gestation, on
the 10th day of lactation and at 19 days of lactation by May of ultrasound (Renco
Lean Meter ®, Minneapolis, MN, USA) (Augenstein et al., 1994). Daily feed intake
was computed only in the farrowing period. As reproductive zootechnical indexes
were evaluated the average of total births, average of live births, births of stillborn

and mummified and mortality rate from birth to weaning.

The frequency of piglet diarrhea was evaluated on days 0, 7, 14 and 17 of

lactation, according to the guidance of Sobestiansky and Barcelos (2012).

The estimation of colostrum production was performed according to the
methodology described by Devillers et al. (2004). Data from 33 litters of each group
were used, from sows that made up similar blocks for both treatments, including 464
and 463 piglets for the negative control and capsaicin groups, respectively.

The collection of colostrum for determining the concentration of IgG
immunoglobulin was performed at the time of delivery in the same matrices chosen
for the evaluation of colostrum production. Colostrum contents of the first pairs of
teats of the sow were used, collected in 50mL bottles. The collected material was
deposited in a sterile test tube. After 20 minutes, the colostrum sample was desorbed
and transferred to Ependorff tubes. The immunoglobulin concentrations of the
colostrum samples were analyzed by an indirect ELISA kit, according to the
manufacturer's instructions Bethyl Laboratories, Inc. USA, (IgA E101-102, IgG E101-
104, and IgM E101-117, Montgomery, Texas).

To assess the performance of the piglets, the animals were weighed on the

day of birth, at 10 years of age and at weaning (21 days of age). The results were
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expressed in average piglet weight, litter weight and daily weight gain (ADG)

between these intervals.

The data were analyzed using the Minitab 17 program with the ANOVA tool
for linear models adjusted with the Tukey test with 5% significance. The results were
subjected to statistical analysis with a significance level of p<0.05, and p<0.10 to

indicate the tendency to difference in means.
Results

The parameters related to the sow’s body condition (Table 3) reveal only a
trend (P <0.10) for a greater backfat thickness in the swine females who received
capsaicin in the pre-birth moment, at 95 days of gestation. There was no trend (P
<0.10) for the subsequent moments.

Table 3 Backfat thickness (BF) of sows submitted or not to capsaicin in the different
evaluated periods.

Parameters Treatments SE! P-value
Control Capsaicin
BF pre-birth (95 gestation days) 18.03 19.09 0.328 0.095
BF 10 days lactation 18.35 19.00 0.324 0.331
BF 20 days lactation 16.10 16.60 0.277 0.393
Difference pre farrowing - 10 days 0.03 0.09 0.185 0.218
Difference 10 days - 19 days -2.24 -2.39 0.199 0.715
Difference pre farrowing - 19 days -1.89 -2.48 0.222 0.169

1SE is the standard error of the mean.

The average intake of colostrum in the first 24 hours after birth and the
respective weight gain of piglets in this interval (Table 4) did not differ between
treatments (Table 5), however there was a difference (P <0.05) for the concentration

of IgG in the colostrum of the sows that received capsaicin.

Table 4 Values of colostrum intake and, daily weight gain (ADG) of piglets in the first
24 hours after birth, and IgG values according to experimental treatments.

Parameters Treatments SE? P-value

Control Capsaicin

Colostrum intake* (g) 237 225 4.05 0.146
ADG after 24 h (g) 33.3 26,6 0.3 0.249
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IgG (mg/ml) 153.8 185,75 6.97 0.040

1SE is the standard error of the mean.

The number of live births, percentage of stillbirths, total litter weight and
average weight of piglets at birth (Table 5) did not differ between treatments (P>
0.05). At weaning, there were also no differences between treatments for the number
of weaned, total litter weight and mortality rate. Nonetheless, there was a difference
(P <0.045) in favor of the capsaicin-treated group for the average weight of the piglet
at weaning (+5.24%) and a trend (p=0.062) for the ADG between birth and birth.
weaning (+6.63%).

As for the daily feed intake of the lactating sow, there was an advantage
(P<0.008) for the group that received capsaicin between the interval between 0 and

19 days of lactation, representing an additional 11.22% of intake.

Table 5 Reproductive and piglet performance according to experimental treatments.

Parameters Treatments
Control Capsaicin SE! P-value
At birth
Total born 16.30 16.40 0.227 0.919
Born alive 15.30 15.50 0.222 0.736
Stillbirth (%) 5.26 4.63 0.127 0.498
Litter live-weight (Kg) 19.84 20.26 0.313 0.507
Birth weight-BW (Kg) 1.307 1.322 0.018 0.556
At weaning
Piglets weaned 12.20 12.3 0.154 0.771
Litter weight (Kg) 67.66 71.88 1.41 0.129
Weaning weight-WW (Kg) 5.53 5.82 0.08 0.045
ADG* 21 days (g) 211 225 0.004 0.062
Mortality (%) 12.33 10.66 0.352 0.811
Feed intake*
0 — 10 days 5.46 5.79 0.222 0.376
0 — 19 days 6.15 6.84 0.268 0.008

1SE is the standard error of the mean.

As for the piglet diarrhea score (Table 6), there was a difference (P<0.05) in
the evaluations practiced on the 10th and 17th day of age, with the litter from sows
that received capsaicin having fewer diarrheal conditions.
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Table 6 Litter diarrhea frequency score from sows supplemented with or without

capsaicin.

Parameters Treatments SE? P-value
Control Capsaicin

Diarrhea day 0 0.00 0.00

Diarrhea day 3 2.76 2.47 0.095 0.151

Diarrhea day 10 2.39 2.08 0.044 0.013

Diarrhea day 17 2.52 2.24 0.065 0.001

1SE is the standard error of the mean.

Discussion

The tendency of a greater backfat thickness at 95 days of gestation for the
sows that received capsaicin is not related to the higher feed intake that this
molecule can provide given its flavoring and appetite stimulating effect (Brugalli,
2003; Manzanilla et al., 2004), as the supply of feed in this phase was restricted, and
the quantity offered was similar for both treatments. On the other hand, this result
can be attributed to the positive effects that the molecule has on salivary secretion,
representing an increase in amylase, added to the stimulus in the secretion of
intestinal and pancreatic enzymes (Costa et al., 2011, Manzanilla et al., 2004),

positively favoring nutrient availability and digestive efficiency.

The condition of a greater backfat thickness at the end of the gestation period,
within the limits recommended by genetics at this reproductive moment, can
guarantee a better reproductive efficiency and greater longevity to the female (Thell
et al., 2014) by preserving the loss of lactation weight is not excessive, without
significant depletion of fat and body protein (Theil et al., 2019), leading to extensive
positive repercussions for subsequent pregnancy (Koketsu et al., 2017).

In relation to the other measures of backfat thickness (at 10 and 19 days of
lactation) and the relative losses of this tissue from birth until 10 and 19 days of
lactation, the absence of difference between treatments (Table 3) is identified with
the results obtained by lisley et al. (2003), who found no difference in the loss of
backfat thickness during lactation in swine females submitted to diets with the
inclusion of a blend of plant extracts of capsicum, carvacrol and cinnamaldehyde. On

the other hand, Matysiak et al. (2012) provided a mixture of extracts with carvacrol,
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cinnamaldehyde and oleoresin from capsicum from the 90th day of gestation until
weaning and demonstrated that the loss of backfat thickness during lactation was
significantly lower in the swine females treated with this mixture, compared with

swine females in the control group.

Regarding the consumption of colostrum (Table 4), there was no difference
between treatments. The values of this consumption vary according to the sow
production and the capacity of ingestion of the piglets (Devillers et al., 2011).
According to Declerck et al. (2017), there is a positive association between average
birth weight and colostrum intake. In this work, we did not verify differences between
treatments in the number of live piglets at birth and their average weight. These

conditions may explain the similarity in the colostrum consumption values obtained.

Concerning the higher concentration of IgG in colostrum for the sows that
received capsaicin (Table 4), one should consider the immunostimulant characteristic
that this alkaloid has (Manzanilla et al., 2004). Lee et al. (2013), working with
chickens, observed that when associated with turmeric, capsaicin promoted greater
resistance to enteric diseases. In this line, capsaicin alone also demonstrated a
significant immune effect with the transcriptional control of intestinal intraepithelial
lymphocytes in chickens (Kim et al., 2010). Wojnicki et al. (2019) confirmed these
results, verifying that capsaicin also influenced the immune system, especially the T-
cell profile. It is worth noting that IgG immunoglobulin is the main component of
colostrum, being essential to meet the health challenges and improve the

performance of piglets in the first weeks of life (Kielland et al., 2015).

As for reproductive parameters (total, live, stillborn and mummified), the
absence of effects in favor of the group that received capsaicin may be since its
supply started in the final stage of gestation, at which time the number of concepts
was established. Nevertheless, the average birth weight and the total litter weight at
birth were also not different. These characteristics are difficult to manipulate, being in
general the use of additives or even the increase of feed at the end of the gestation
phase, ineffective conducts to promote these parameters (Table 5). In this sense,

capsaicin, even with its recognized potential for improving digestive efficiency
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(Baumann et al., 2003; Manzanilla et al., 2004; Costa et al., 2011), did not promote

advantages for these characteristics.

Relative to the average weight at weaning and the weight gain from birth to
weaning (Table 5), the advantages observed for piglets from sows that received
capsaicin can be attributed to several actions of this alkaloid. Primarily, the best feed
intake in favor of this treatment (an increase of 0.69kg of feed per day, representing
an increase of 11.22%), has direct effects on milk production and, consequently, on
the performance of the piglets; but also, to the antioxidant, gastroprotective and anti-
inflammatory effects (Henning et al., 2011; Choi et al., 2017).

The higher feed intake observed for the capsaicin-treated group was within
heat stress conditions, where the average temperature and relative humidity were
29.56°C and 90.82%, respectively (Table 1), which may explain that this result is also
associated with the greater tolerance effect to the sensation of endogenous heat, by
the matrix, that this alkaloid provides from the desensitization of the TRPV receptors,
responsible for the sensation of pain and heat of the organism from the digestive
tract (Santoni et al., 2015).

This desensitization leads to a reduction in the effects of the sensation of heat
and, consequently, to a greater tolerance to the effects caused by environmental
temperatures above the thermal comfort zone, which lead to typical stress
responses, such as increased respiratory rate and rectal temperature, and
physiological changes in the mammary gland (Renaudeau et al., 2003; Martins and
Costa, 2008).

Another positive aspect of capsaicin is its antioxidant effect, acting protectively
against oxidative damage caused by free radicals, common in situations of metabolic
stress (Ogiso et al., 2008), even minimizing some syndromes of malabsorption and
gastrointestinal inflammation (Kim et al., 2010, John et al., 2011). In this theme, Lee
et al. (2003) observed that the administration of 3 mg/kg of body weight of capsaicin
to rats for three consecutive days resulted in the reduction of oxidative stress,

measured as malonaldehyde in the liver, lungs, kidneys, and muscle.
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The better results of feed intake during the lactation phase may also have
influenced the lower rates of diarrhea observed on the 10th and 17th days of life of
the piglets in favor of the group treated with capsaicin (Table 6). Additionally, the
antibacterial effect of capsaicin should be considered, even though it is indirect, as its
possible action was directed at the sow, in addition to the increased concentration of
IgG in colostrum (Table 4). The antibacterial action results from the osmotic stress
that capsaicin determines, destroying the structures of the cell membrane and
inhibiting the expression of the genes responsible for bacterial cell growth (Kurita et
al., 2002). Also, the phenolic group of capsaicin can suppress the growth of bacteria,
reducing the stability of the membrane due to its hydrophobicity (Burt, 2004).

Other actions related to some plant extracts, including capsaicin, may have
favored the best results for the rate of diarrhea, such as its anti-inflammatory effect.
The offer of a combination of capsicum oleoresin, garlic, and saffron oleoresin
relieved diarrhea, indicating improvement in the height of intestinal villi and intestinal
barrier function in weaned piglets, partially neutralizing the inflammation induced by
an E coli challenge (Liu et al., 2013). The modulation of intestinal microflora is also
attributed to some essential oils, with emphasis on capsaicin, resulting in an increase
in the population of lactobacilli and the proportion of lactobacilli for enterobacteria in
the jejunum (Manzanilla et al., 2006), favoring intestinal health and zootechnical

performance.

Conclusion

Capsaicin, as an additive in the diet of lactating sows in the final stages of
gestation and lactation, has positive effects on the feed intake of the sow and her
immune profile, with benefits on the performance and the reduction of the diarrheal
conditions of the suckling piglets.
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ANEXO A

de Londrina (CEUA/UEL)

Universidade
== Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS

OF. CIRC. CEUA N° 117/2018 Londrina, 18 de julho de 2018.
Prezado (a) professor (a)-

Certificamos que o projeto intitulado: “Avaliacfio de capein sobre o desempenho da fémea suina
na fase final de gestagio e lactaciio” protocolo CEUA n® 12264.2018.73 sob a responsabilidade de Caio
Abércio da Silva, que envolve a produgio, manutengdo e/ou utilizagio de animais pertencentes ao filo Chordata,
subfilo Vertebrata (exceto o homern) para fins de pesquisa cientifica (ou ensino), encontra-se de acordo com os
preceitos da Lei n” 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, e com as
normas editadas pelo Conselho Nacional de Controle da Experimentagdo Animal (CONCEA), e foi aprovado
pela Comissio de Ftica no Uso de Animais da Universidade Estadual de Londrina (CEUA/UEL), em reunido
realizada em 17/07/2018.

Este projeto tem por objetivo: Avaliar o efeito do fornecimento de Capcin® sobre o desempenho de
fémeas. Mensurar o consumo e a condigio corporal de matrizes gestantes e lactantes submetidas a
dietas com Capcin®. Avaliar a ingestdo de colostro e o nivel de imunoglobulinas dos leitdes 24 horas
apds o parto.Grau de invasividade=1

Finalidade ( JEnsino  (_ x ) Pesquisa cientifica
Vigéncia da autorizagio 01/10/2018 a30/11/2018

Espécie/ linhagem/ raga Suino

N° de animais ) 300

Peso/ 1dade ) 220kg/ maior de 300 dias

Sexo Fémeas

Origem Fazenda Felicidade (Alkroma)

Amostras a serem coletadas Sangue, Fezes, Colostro

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo experimental aprovado,
deve-se submeter o novo protocolo 4 apreciagio da CEUA/UEL anteriormente a execugfio das modificagdes.
) Coloco-me & disposicio, para quaisquer esclarecimentos que se fizerem necessarios. Sem mais
para o0 momento, subscrevo, cordialmente.

, P
Pyl A . P |
~ » . -

Tttt Ko Gritsnnar™

- .
lsria dv

Profa. Dra. Maria Fernanda Rodrigues Graciano
Coordenadora da CEUA/UEL

Prof* Drs Maria Fernanda
Rodrigues Graciano
Coordenodora da Cemissdo de
~ Etica no Usa de Animais
]]mo_(a) Sr.(a) Universidade Estadual de Londrina

i L. N ceua@uel.br / (43) 3371,
Prof. (a) Dr (a). Caio Abércio da Silva e WAL
Responsavel pelo projeto
Departamento de Zootecnia/ Suinocultura/CCA

C/C para a Chefia do Depto de Zootzcnia/CCA
C/C para a Diregéio de Centro do CCA

Campus Universitario: Rodovia Celso Garcia Cid (PR 445), km 380 - Fone (043) 3371-4000 PABY - Fax 33284440 - Caiva Postal 10.011 - CEP 86037-970 — Internet httpz/fwww.uel.br
LONDRINA - PARANA - BRASIL
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Normas para submissédo de artigos cientificos na Revista animal, An International

Journal of Animal Bioscience.

Introduction

animal — an International Journal of Animal Bioscience is a peer-reviewed journal, published monthly
in English, in both print and online formats (12 issues making a volume). Special issues or supplements
may also be produced upon agreement with the Editorial Board. There are no page charges, except for
reproduction of illustrations printed in colour and for the Open Access option that requires payment of

animal

An International Journal of Animal Bioscience

Instructions for authors
Last updated June 2018

an Article Processing charge.

The scope of the journal, the expected standards of published articles, the article types published by
animal, the ethics policy, the evaluation procedures and peer-review criteria, the handling of misconducts
as well as procedures for complaints and appeals are presented in the Publication policies available at

https://www.cambridge.org/core/journals/animal/information/instructions-contributors.

Submitted manuscripts should not have been published previously, except in a limited form (e.g. abstract
or short communication to a symposium or part of MSc or PhD theses) and should not be under

consideration for publication by another journal. Book reviews are not accepted.

General specifications for different types of article

Table 1 Specifications for the articles published in animal

Article type Maximum length Maximum Maximum Additional
(all text except number of number of mformation
figures) tables plus references

figures

Original research 7 000 words 8 35
(=9 journal pages)

Short communications 3 000 words 3 10

Reviews 9 500 words 10 50
(= 12 journal pages)

Opinion papers 1700 words 1 5
(= 2 journal pages)
or 1 200 if a tigure
is submitted

All article types S references  Supplementary

per 1000 material can
words be proposed

and will be
made available
online

animal June 2018 page 1
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Recommendations for preparation of papers

The responsibility for the preparation of a paper in a form suitable for publication lies with the
author. Authors should consult recent articles of animal, available at
https://www.cambridge.org/core/journals/animal, to make themselves familiar with the layout and style
of animal. A style sheet summarising these indications is available on our website at
https://www.cambridge.org/core/journals/animal/information/instructions-contributors.

Before submitting your manuscript, you should consult the pre-submission checklist at
(https://www.cambridge.org/core/journals/animal/information/instructions-contributors). Manuscripts
that do not comply with the specifications described in Table 1 or with the directions detailed
below will not be accepted for peer-review. Compliance with instructions will ensure that
manuscripts are peer reviewed exclusively on academic merit. Any deviations from these instructions
will be at the discretion of the Editor-in-Chief.

All co-authors must agree with the content of the manuscript. Authors must have obtained permission to
use copyrighted material in the manuscript prior to submission. Work described in the manuscript must
comply with ethical guidelines available on the website
https://www.cambridge.org/core/journals/animal/information/instructions-contributors and be reported
according to "The ARRIVE Guidelines for Reporting Animal Research" detailed in Kilkenny et al.
(2010)! and summarised at www.nc3rs.org.uk.

Scientific writing

A good quality of scientific writing is required. The research must be understandable by a general
scientific readership and by specialists. The research problem is identified, existing knowledge relevant
to the problem is analysed, the hypothesis is clear. The reporting is complete. The central message is
identified. Arguments and evidence are presented in a clear, logical and balanced way from the most
general to the specific points. Discussion connects all results obtained in an organised and proper way
with a clear interpretation. Sentences are simple, short and direct, the style is concise and precise.

English

A good quality of written English is required. Spelling may be in British or American English, but must
be consistent throughout the paper. Care should be exercised in the use of agricultural terminology that
is 1ll-defined or of local familiarity. If the English is not good enough, the manuscript will be sent back
to the authors with a recommendation that authors have their manuscripts checked by an English
language native speaker before re-submission. Cambridge University Press lists a number of third-party
services specialising in language editing and / or translation at:
https://www.cambridge.org/core/services/authors/language-services and suggests that authors contact
them as appropriate. Use of any of these services is at the author's own expense. The copy-editor will not
perform language editing.

Manuscript layout

Manuscripts should be prepared using a standard word processing programme such as Microsoft Word,
and presented in a clear, readable format with easily identified sections and headings. A style sheet is
available on our website at https://www.cambridge.org/core/journals/animal/information/instructions-
contributors.

Manuscript lavout directions

¢ Typed with double-line spacing with wide margins (2.5 cm)

¢ Lines must be continuously numbered; the pages must also be numbered

e  Arial 12 should be used for the text, and Arial 11 for tables and references

e  Sections should typically be assembled in the following order: Title, Authors,
Authors' affiliations including department and post/zip codes, Corresponding author,
Short title, Abstract, Keywords, Implications, Introduction, Material and methods,
Results, Discussion, Acknowledgements, Declaration of interest, Ethics committee,
Software and data repository resources, References, Tables, List of figure captions

! Kilkenny C, Browne WJ, Cuthill IC, Emerson M and Altman DG 2010. Improving bioscience
research reporting: The ARRIVE guidelines for reporting animal research. PLoS Biology 8, e1000412.
doi: 10.1371/journal.pbio.1000412.

animal June 2018 page 2
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e  Use of small paragraphs with less than 6 to 8 lines must be avoided
e TFootnotes in the main text are to be avoided
e  The manuscript complies with the section specific requirements set out below

Full title

The title needs to be concise and informative. It should:

(a) attract the attention of a potential reader scanning a journal or a list of titles;

() provide sufficient information to allow the reader to judge the relevance of a paper to his/her interests;
(c) incorporate keywords or phrases that can be used in indexing and information retrieval, especially
the animal species on which the experiment has been carried out;

(d) avoid inessentials such as ‘A detailed study of ...", or ‘Contribution to ...”;

(e) not include the name of the country or of the region where the experiment took place;

(/) not include Latin names, if there is a common name, or abbreviations.

Full title directions
e  No more than 170 characters including spaces
e TInclude "Review:", "Invited review:" or "Animal board invited review:" before the full
title if required (see Table 1)
e Title of an invited opinion paper should start with "Opinion paper:"
e Title of a short communication should start with "Short communication:"

Authors and affiliations
Information, such as author names and affiliations, may be automatically extracted at the time of
submission. To take advantage of the extraction process, you must 1) use a superscript number after each
author name and, 2) begin each full affiliation with the corresponding superscript number as follows:
Example
J. Smith'?, P.E. Jones®, .M. Garcia? and P.K. Martin Jr* [initials only for first names]
1 Department of Animal Nutrition, Scottish Agricultural College, West Main Road, Fdinburgh EH9 3JG, UK
2 Animal Science Department, North Carolina State University, Raleigh, NC 27695-7621, USA
3Laboratorio de Produccion Animal, Facultad de Veterinaria, Universidad de Zaragoza, C. Miguel Servet,
177, 50013, Zaragoza, Spain
*Dairy Science Department, North Carolina State University, Raleigh, NC 27695-7621, USA

*Present address: Dairy Science Laboratory, AgResearch, Private Bag 11008, Palmerston North, New
Zealand (for any author of the list whose present address differs from that at which the work was done)

Corresponding author: John Smith. E-mail: John. Smith@univ.co.uk.

The corresponding author who submits and manages the manuscript during the submission/review
process must be registered on Editorial Manager. He or she can be different from the corresponding
author indicated in the manuscript who will be the correspondent for the published paper. Only one
corresponding author is indicated in the manuscript.

Short title (max 50 characters including spaces)

Authors should provide a short title (after the corresponding author line) with the same specifications as
the full title for use as a running head. If the short title is not appropriate, it could be modified by the
Editorial Office, with the author’s agreement.

Abstract (max 400 words, single paragraph)

The abstract should be complete and understandable, without reference to the paper. It is important to
attract the attention of potential readers. The context and the rationale of the study are presented
succinctly to support the objectives. Experimental methods and main results are summarised but should
not be overburdened by numerical values or probability values. The abstract ends with a short and clear
conclusion. Citations and references to tables and figures are not acceptable. Abbreviations used in the
abstract must be defined in the abstract.

Keywords (5 keywords)

Keywords are essential in information retrieval and should not repeat words in the title with respect to
indicating the subject of the paper.

animal June 2018 page 3
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Keyword directions
¢ Five keywords
¢ Keywords should be short and specific
¢ The animal species or type is among the keywords but differently from the title
e The use of non-standard abbreviations in the list of keywords is not allowed

Implications (max 100 words)

Implications must explain the expected impact that the results may have on practice, when they will be
applied. Impact may be economic, environmental or social. Implications should not be limited to
presenting the context and objectives, and should not be an "abstract of the abstract". They are written in
simple English suitable for non-specialists or even non-science readers. Use of non-standard
abbreviations is discouraged.

Introduction

The introduction briefly outlines the context of the work, presents the current issues that the authors are
addressing and the rationale to support the objectives, and clearly defines the objectives. For hypothesis-
driven research, the hypothesis under test should be clearly stated. Increasing the knowledge on a subject
is not an objective per se.

Material and methods

Material and methods should be described in sufficient detail so that others can repeat the experiment.
Reference to previously published work may be used to give details of methods, provided that references
are readily accessible and in English.

Critical methodologies, including mathematical equations and statistical models must be described in
detail either in the Material and Methods section or in the Supplementary Materials. For these critical
methodologies, results from quality control tests must be reported (e.g. intra/inter-assay CV, recovery
tests...).

If a proprietary product is used as a source of material in experimental comparisons, it should be
described using the appropriate chemical name. If the trade name is helpful to the readers, provide it in
parentheses after the first mention. Authors who have worked with proprietary products, including
equipment, should ensure that the manufacturers or suppliers of these products have no objections to
publication if the products, for the purpose of experimentation, were not used according to the
manufacturer’s instructions.

Statistical analysis of results

The statistical analysis of results should be presented in a separate sub-section of the "Material and
methods" section. The statistical design and the models of statistical analysis must be described, as well
as each of the statistical methods used. Sufficient statistical details must be given to allow replication of
the statistical analysis. The experimental unit must be defined (e.g. individual animal, group/pen of
animals). Generally, and when there are more than 2 treatments, an analysis of variance with F-tests is
preferred to multiple #-tests. A statistical guide for authors is available on the website at
https://www.cambridge.org/core/journals/animal/information/instructions-contributors. The publication
of Lang and Altman (2013)? can also be used as a reference.

Statistics directions

¢ In the text, the probability of significance is indicated by the following conventional
standard abbreviations (which need not be defined): P > 0.05 for non-significance and
P<0.05 P <001 and P < 0.001 for significance at these levels. Exact level of
probability (e.g. P=0.07) can also be used

¢  When data are analysed by analysis of variance, a residual error term, such as the pooled
standard error, the residual standard deviation (RSD), or the root mean square error
(RMSE) is given for each criteria/item/variable/trait in a separate column (or line)

. Lang T and Altman D 2013. Basic statistical reporting for articles published in clinical medical journals: the
SAMPL guidelines. In Science editors' handbook (ed. Smart P, Maisonneuve H and Polderman A), pp. 175-182.
European Association of Science Editors, Exeter, UK. This document may be reprinted without charge but must
include the original citation.
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e Treatment means are reported with meaningful decimals. For guidance, the last digit
corresponds to 1/10 of standard error (e.g., for a standard error of 1.2, the mean values
should be reported as 15)

e Intables, probabilities are indicated in a separate column. The P values (e.g. P=0.07)
are reported or indicated by *, ** and *** for P < 0.05, P < 0.01 and P < 0.001,
respectively

o Intables, differences between treatments (or comparison of mean values) are indicated
using superscript letters with the following conventional standard: a, b for P <0.05; A,
B for P < 0.01; in most cases, the 0.05 level is sufficient

Results - Discussion
Separation between Results and Discussion is preferred to highlight the interpretation of results.
Presentation of Results and Discussion in a single section is possible but discouraged.
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References

Citations from international refereed journals or from national refereed journals with at least an English
abstract are preferred. Citations from national abstracts/conference proceedings, MSc or PhD thesis,
institutional/technical reports, non-English documents that cannot be obtained easily by the reader or that
are not peer-reviewed should be minimized. In general, no more than 3 references can be given for the
same statement (except for reviews and meta-analyses).

Citation of references. In the text, references should be cited by the author(s) surname(s) and the year of
publication (e.g. Smith, 2012). References with two authors should be cited with both surnames (e.g.
Smith and Wright, 2013). References with three or more authors should be cited with the first author
followed by et al. (in italics; e.g. Smith e al.). Multiple references from the same author(s) should be as
follows: Wright ef al. (1993 and 1994), Wright er a/. (1993a and 1993b). Names of organisations used
as authors (e.g. Agricultural and Food Research Council) should be written in full in the list of references
and on first mention in the text. Subsequent mentions may be abbreviated (e.g. AFRC).

"Personal communication" or "unpublished results”" should follow the name of the author in the text
where appropriate. The author’s initials but not his title should be included, and such citations are not
needed in the reference list.

In-text citation directions
e C(Cite references by name(s) of author(s) and year of publication
Use Doe (2014) or (Doe, 2014) for single authors
Use Doe and Smith (2014) or (Doe and Smith, 2014) for two authors
Use Doe ef al. (2014) or (Doe et al., 2014) for three or more authors
"et al." is in italics
When multiple references are cited, rank them preferably by chronological order using
commas and semicolons: (Doe, 1999; Smith and Doe, 2001; Doe e7 al., 2014 and 2015)

List of references. Literature cited should be listed in alphabetical order by authors' names and references
should not be numbered. It is the author’s responsibility to ensure that all references are correct.

Journal article directions
e References from journal articles are formatted as:
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Bool directions
L]

Author A, Author B, Author CD and Author E Year. Article title. Full Name of the
Journal Volume, first-last page numbers.
Examples

o Berry DP, Wall E and Pryce JE 2014. Genetics and genomics of reproductive
performance in dairy and beef cattle. Animal 8 (suppl. 1). 115-121.

o Knowles TG, Kestin SC, Haslam SM, Brown SN, Green LE, Butterworth A, Pope SJ,
Dirk Pfeiffer D and Nicol CJ 2008. Leg disorders in broiler chickens: prevalence, risk
factors and prevention. PLoS ONE 3, e1545.

o Martin C, Morgavi DP and Doreau M 2010. Methane mitigation in ruminants: from
microbe to the farm scale. Animal 4, 351-365.

o Pérez-Enciso M, Rincon JC and Legarra A 2015. Sequence- vs. chip-assisted genomic
selection: accurate biological information 1s advised. Genetics Selection Evolution 47,
43. doi:10.1186/512711-015-0117-5.

o When the article is online but not yet printed. the right format 1s:

Zamaratskaia G and Squires EJ 2008. Biochemical, nutritional and genetic effects on
boar taint in entire male pigs. Animal. do1:10.1017/S1751731108003674, Published
online by Cambridge University Press 17 December 2008.
No punctuation (i.e. no comma or full stop or semicolon) between the surname and
initials of an author, after initials, before publication years, after journal names and
before volume numbers
Include "and" (without comma) before the last author for multiple author references
All authors’ names are provided, do not use “er al.” in the reference list
Publication years are included after the author list without parentheses
No capitals for article titles except initial capital of the first word and words that
ordinarily take capitals
Journal names are given in full (not in abbreviated form) and the initial letter of all main
words is capitalised (except little words such as "and", "of, "in", "the"...), e.g. Journal
of Animal Science
Issue numbers are not mentioned
Use a comma (","), not a semicolon (";") before page numbers
Page numbers are given in full (e.g. "1488-1496" not "1488-96")

References from books or official reports are formatted as:
Author(s)/Editor(s)/Institution Year. Book title, volume number if more than 1, edition
if applicable. Publisher’s name, City, State (2-letter abbreviation) for US places,
Country.
Examples
o Association of Official Analytical Chemists (AOAC) 2004. Official methods of
analysis, volume 2, 18th edition. AOAC, Arlington, VA, USA.
o Littell RC, Milliken GA. Stroup WW and Wolfinger RD 1996. SAS system for mixed
models. Statistical Analysis Systems Institute Inc., Cary, NC, USA.
o Martin P and Bateson P 2007. Measuring behaviour. Cambridge Umversity Press,
Cambridge, UK.
o National Research Council (NRC) 2012. Nutrient requirements of swine, 11th revised
edition. National Academy Press, Washington, DC, USA.
The list of author or editor name(s) and publication years are written as for journal
articles (all authors are provided; commas between authors, except for the last one;
"and" before the last author where there are two or more authors; full stops after
publication years)
Example
o Author A, Author B, Author CD and Author E Year.
No capitals for book ftitles except initial capital of the first word and words that
ordinarily take capitals
Detailed publisher information is given and listed as:
Publisher’s name, City, State (2-letter abbreviation) for US places, Country.
Please note — if a publisher is based in more than one place, use only the first one. If
multiple publishers are list, it is acceptable fo use only the first one.
Examples
o AOCS Press, Champaign, IL, USA.
o Cambridge University Press, Cambridge, UK.
o International Organization for Standardization, Geneva, Switzerland.
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o FAO. Rome, Italy.

Book chapter directions

References from chapters or parts of books are formatted as:
Author A, Author B, Author CD and Author E Year. Chapter title. In Title of book (ed.
A Editor and B Editor), pp. first-last page numbers. Publisher’s name, City, State (2-
letter abbreviation) for US places, Country.
Example
o Noziére P and Hoch T 2006. Modelling fluxes of volatile fatty acids from rumen to
portal blood. In Nutrient digestion and utilization in farm animals (ed. E Kebreab. J
Dijkstra, A Bannink, WIJ Gerrits and J France), pp. 40-47. CABI Publishing,
Wallingford, UK.
The list of authors and publication years are written as for journal articles (all authors
are provided; commas between authors, except for the last one; "and" before the last
author where there are two or more authors; full stops after publication years)
Example
o Author A, Author B, Author CD and Author E Year.
No capitals for chapter and book titles except initial capital of the first word and words
that ordinarily take capitals
Detailed publisher information are given and listed as:
Publisher’s name, City, State (2-letter abbreviation) for US places, Country.
Please note — if a publisher is based in more than one place, use only the first one. If
multiple publishers are listed, it is acceptable to use only the first one.
Examples
o AOCS Press, Champaign, IL.. USA.
o Cambridge University Press, Cambridge, UK.
o Editions Quae. Versailles, France.

Proceedings/Conference papers directions

References from proceedings or conference papers are formatted as:

Author A, Author B, Author CD and Author E Year. Paper title. Proceedings of the (or
Paper presented at the) XXth Conference title, date of the conference, location of the
conference, pp. first-last page numbers or poster/article number.

Please note — If proceedings are published in a journal, the article should be formatted
as for a journal article. If they have been published as chapters in a book, the article
should be formatted as for a chapter in a book.

Examples

o Bispo E, Franco D, Monserrat L, Gonzalez L, Pérez N and Moreno T 2007. Economic
considerations of cull dairy cows fattened for a special market. In Proceedings of the
53rd International Congress of Meat Science and Technology. 5-10 August 2007,
Beijing, China, pp. 581-582.

o Martuzzi F, Summer A, Malacarne M and Mariani P 2001. Main protein fractions and
fatty acids composition of mare milk: some nutritional remarks with reference to
woman and cow milk. Paper presented at the 52nd Annual Meeting of the European
Association for Animal Production, 26-29 August 2001, Budapest, Hungary.

The list of authors and publication years are written as for journal articles (all authors
are provided; commas between authors, except for the last one; "and" before the last
author where there are two or more authors; full stops after publication years)

Example

o Author A, Author B, Author CD and Author E Year.

No capitals for paper titles except initial capital of the first word and words that
ordinarily take capitals

Conference dates are provided in the format: DD Month YYYY, e.g. 10 August 2014
Conference locations are given and listed as:

City, State (2-letter abbreviation) for US places, Country.

Examples

o Champaign, IL, USA.

o Cambridge, UK.

o Versailles, France.

o Geneva, Switzerland.
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Website directions

References from websites are formatted as:
Author(s)/Institution Year. Document/Page title. Retrieved on DD Month YYYY (i.e.
accessed date) from http://www.web-page address (URL).
Examples

o Bryant P 1999. Biodiversity and Conservation. Retrieved on 4 October 1999, from

http://darwin.bio.uci.edu/~-sustain/bio65/Titlpage. htm

The list of author name(s) and publication years are written as for journal articles (all
authors are provided; commas between authors, except for the last one; "and" before the
last author where there are two or more authors; full stops after publication years)
Example

o Author A, Author B. Author CD and Author E Year.
No capitals for document/page titles except initial capital of the first word and words
that ordinarily take capitals
Dates when documents were retrieved are included in the format: DD Month YYYY,
e.g. 10 August 2014
Web-page addresses are provided

Thesis directions

Tables

References from theses are formatted as:
Author AB Year. Thesis title. Type of thesis, University with English name, location of
the University (i.e. City, State (2-letter abbreviation) for US places, Country).
Example
o Vlaeminck B 2006. Milk odd- and branched-chain fatty acids: indicators of rumen
digestion for optimisation of dairy cattle feeding. PhD thesis, Ghent University, Ghent,
Belgium.
Author’s name and publication year are written as for journal articles
Example
o Author AB Year.
No capitals for thesis titles except initial capital of the first word and words that
ordinarily take capitals
Degree levels are given, e.g. PhD, MSc
University names and locations are given and listed as:
University name, City, State (2-letter abbreviation) for US places, Country.
Examples:
o Louisiana State University, Baton Rouge, LA, USA.
o Cambridge Umversity, Cambridge, UK.

Tables should be simple. The same material should not be presented in tabular and graphical form.
Please refer to the style sheet available at
https://www.cambridge.org/core/journals/animal/information/instructions-contributors.

Table directions

512

Each table is on a separate page at the end of the main text (one table per page)

Tables are typed, preferably in double spacing. Single spacing is possible for long tables
Tables are numbered consecutively using Arabic numbering. They are referred to as
Table 1, Table 2, etc., with capital *T’, no italics

Each table has its own explanatory caption. The caption is sufficient to permit the table
to be understood without reference to the text. The animal species and the experimental
treatments or the issue under study are indicated in each caption. The caption does not
contain the protocol or the results

Tables are created in Word using the table function within the programme (without
using tabs). Layout can be portrait or landscape

Large tables are discouraged in the manuscript but they may be submitted as
Supplementary Material

No vertical lines between columns and no horizontal lines between rows of data
Generally, variables are in rows and treatments in columns

Column headings are concise
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Figures

Separate columns are included to present the basic statistical results: error terms
(preferably residual error terms) and probabilities

Row items are organized with main items followed by indented sub-items in order, e.g.
to group the criteria that share the same type of measurements or the same unit

For any (sub-)item, only the first letter of the first word is in capitals

Units are clearly stated either in the caption (only if a limited number of units are used),
or for each (sub-)item. Standard abbreviations for units are used

Footnotes are referenced using superscript numbers

Abbreviations used in a table are defined as footnotes (preferred option) or in the caption
Treatment means are reported with meaningful decimals. For guidance, the last digit
corresponds to 1/10 of standard error

Number of decimals for the indicators of residual variability (RSD, SEM, RMSE etc.)
are either identical to that chosen for mean values or have one more decimal. The choice
is consistent in all the tables

See above (Statistics) for the presentation of statistical results in tables

Figures should be simple. The same material should not be presented in tabular and graphical form.
Specific guidelines are provided for images (see Image Integrity and Standards).

Figure directions

Figure captions are all listed on a separate page at the end of the main text
Figures are numbered consecutively in the text. They are referred to as Figure 1, Figure
2, etc., the word ‘Figure’ being spelled out with capital ‘F’, no italics
Captions begin as Figure 1, Figure 2, etc. They are sufficiently detailed to allow the
figure to be understood without reference to the text ("Figure 1 Effect of fat source and
animal breed on carcass composition in pigs" is preferred to "Figure 1 Carcass
composition"). The animal species and the experimental treatments or the issue under
study are indicated in each caption. The caption does not contain the protocol or the
results. Abbreviations used in each figure have to be defined in the caption and kept to
a minimum
Figures are not inserted in the text. Each figure (without caption) is uploaded separately
with one separate file per figure and no embedded captions in these files
Figure size should be readable in a width of approximately 175 mm (i.e. the maximum
size of printing over two columns). Easy reading of the figure is required
Ensure that the font size is large enough to be clearly readable at the final print size
(should not be less than 8§ point, or 2.8 mm, after reduction). We recommend you use
the following fonts: Arial, Courier, Symbol, Times, Times New Roman and ensure that
they are consistent throughout the figures. In addition, ensure that any fonts used to
create or label figures are embedded if the application provides that option
Symbols and line types should allow different elements to be easily distinguished
(generally, solid symbols are used before open symbols, and continuous lines before
dotted or dashed lines)
Figures are usually supplied as black and white
Colours can be used in figures if they are essential to understanding the figure.
Publication charges are made for colour figures. The cost for reproducing figures in
colour within the printed issue is £200.00 / $320.00 per figure
If figures are to be printed in colour, use CMYK (instead of RGB) colour mode
preferably
Figures should be provided as TIFF or EPS files. Other formats, such as MS Word, MS
Excel, MS PowerPoint, Al and layered PSD (up to CS3), are permitted, provided that
figures have been originally created in these formats and that the embedded artwork is
at a suitable resolution.
Resolutions for TIFF figures at the estimated publication size must be:

- for line figures (e.g. graphs) — 1200 dpi (6000 px for 1 column, 8400 px for 2

columns)
- for figures with different shadings (e.g. bar charts) — 600 dpi (3000 px for 1
column, 4200 px for 2 columns)
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- for half tones (e.g. photographs) — 300 dpi (1500 px for 1 column, 2100 px for
2 columns)

o Images from the internet are unacceptable, because most of them have a resolution of
only 72 dpi

o If your drawing/graphics application does not provide suitable ‘export’ options, then
copy/paste or import the graphic into a Word document

o  For further information, please refer to the Cambridge Journals Artwork Guide, which
can be found online at: http://journals.cambridge.org/artworkguide

Image Integrity and Standards

Any image produced by an instrument (e.g. scanner, microscopy...) with the objective of being used to
derive quantitative results is considered as original data. Manuscripts that report images without any
quantitative findings are not acceptable. Digitalisation of an image converts the image into numerical
values that can be analysed like any other numerical values. The full information may prove important
beyond what the author would like to show. Hence images submitted with a manuscript should be
minimally processed; some image processing is acceptable (and may be unavoidable), but the final image
must accurately represent the original data and exclude any misinterpretation of the information present
in the original image. If original data are used just to illustrate a point, this should be accompanied by a
clear statement in the manuscript telling the reader this and explaining what is being demonstrated. Please
refer to the Office of Research Integrity guidelines on image processing in scientific publication.

Image Integrity and Standards directions

¢ Image acquisition: Equipment and conditions of image acquisition and processing must
be detailed in the Material and methods section. This includes the make and model of
equipment, the acquisition and the image processing software, and the image treatment
if any. If you export files from an acquisition device, make sure to use a format with no
loss of information and do not file them into a higher resolution than that of acquisition.
Authors have the responsibility to archive original images, with their metadata, in their
original format without any compression or compressed without loss of information.

e  Preparation of images for a manuscript: For guidance, we refer to the Journal of Cell
Biology’s instructions to authors
(http://jcb.rupress.org/site/misc/ifora.xhtml#image aquisition) which states:

1) No specific feature within an image may be enhanced, obscured, moved,
removed, or introduced.

2) The grouping of images from different parts of the same gel, or from ditterent
gels, fields, or exposures must be made explicit by the arrangement of the
figure (i.e., using dividing lines) and in the text of the figure legend.

3) Adjustments of brightness, contrast, or color balance are acceptable if they
are applied to every pixel in the image and as long as they do not obscure,
eliminate, or misrepresent any information present in the original, including
backgrounds. Non-linear adjustments (e.g., changes to gamma settings) must
be disclosed in the figure legend.

For further information, image examples, and more detailed guidance, we advise
reading What’s in a picture? The temptation of image manipulation (reprinted in the
Journal of Cell Biology (2004) 166, 11-15).

o Ifa cropped image is included in the main text of a paper (e.g. a few lanes of a gel),
display the full original image, including the appropriate controls, the molecular size
ladder and/or the scale as relevant, as a single figure in a Supplementary Material file to
facilitate peer-review and for subsequent on-line publication.

e  The statistical analysis applied to the quantitative data associated with images must
clearly define the statistical unit considered (e.g. the animal, the sample).

o Image screening prior to acceptance: Digital images from manuscripts nearing
acceptance for publication will be screened for any evidence of improper manipulation
or quality. If the original images cannot be supplied by authors on request, the journal
reserves the right to reject the submission or to withdraw the published paper.

Supplementary material

Authors can include supplementary material in any type of article. Detailed description and results of
quality control checks of critical methodologies should be reported in Supplementary materials if not
included in the Material and methods section. Supplementary material will appear only in the electronic
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version. A link to this on-line supplementary material will be included by the Copy Editor at the proof
stage. Supplementary material will be peer-reviewed along with the rest of the manuscript. The main text
of the article must stand alone without the supplementary material. Supplementary material should be
presented according to the instructions for the main text. It will not be copy-edited and authors are
entirely responsible for the presentation of the supplementary material according to animal’s style.

Supplementary material directions

e In the main text, supplementary material are referred to as:
"Supplementary Table S1", "Supplementary Table S2", etc. for tables
"Supplementary Figure S1", "Supplementary Figure S2", etc. for figures
"Supplementary Material S1", "Supplementary Material S2", etc. for other material
For example: "The list of references used for the meta-analysis is given in
Supplementary Material S1 and Supplementary Table S1 reports, etc."”

e  Supplementary material is submitted along with the main manuscript in a separate file
and identified at uploading as "Supplementary File — for Online Publication Only"

e  Thetitle of the article and the list of authors are included at the top of the supplementary
material

¢ No line numbering

e Single spacing

e  Unlike the figures included in the main text, each supplementary figure has its own title
embedded below the figure

Typographical conventions

Title and headings

As illustrated, and detailed above and in the style sheet (see
https://www.cambridge.org/core/journals/animal/information/instructions-contributors), the animal
conventions apply to (a) Title of the paper, Authors’ names and addresses; (b) Main section headings,
such as Abstract, Implications, Introduction, Material and methods, Results, Discussion,
Acknowledgements, Declaration of interest, Ethics committee, Software and data repository resources,
References; and (¢) two levels of Subheadings.

Title and heading directions
e Title — use bold, with an initial capital for the first word only and for words that
ordinarily take capitals
Authors’ names — use lower case with initials in capitals (e.g. J. Doe)
Authors' addresses — use italics
Headings are left aligned with an initial capital for the first word only, and not numbered
Main section headings — use bold with no full stop at the end; text follows on the next
line (e.g. Abstract)
e Subheading (level 1) —use italics with no full stop at the end; text follows on the next
line (e.g. Experimental design)
e  Sub-subheading (level 2) —use italics and end with a full stop; text follows on the same
line (e.g. Milk fatty acid composition. The fatty acid...)

Abbreviations
Standard abbreviations (Table 2) are not defined. Non-standard abbreviations are defined at first use
separately in the abstract and in the main text, they should be written in bold capitals at first occurrence.
To facilitate understanding of the manuscript, the number of abbreviations should be kept to a minimum
(not more than 10 non-standard abbreviations is advised). Abbreviations in the titles, (sub)headings or
keywords are discouraged.
Abbreviation directions
e Define abbreviations at first appearance in the abstract and in the main text
s  Authors should avoid excessive use of non-standard abbreviations (a maximum of 10 is
advised)
e No author-defined abbreviation in the (short) titles, in (sub)headings or in keywords
e Abbreviations used in tables and figures must be defined either as footnotes or in the
caption
¢ Do not start a sentence with an abbreviation
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Table 2 Abbreviations that do not require definition

Item

Definition

Standard abbreviation
ACTH
ADF
ADL
ADP
ANOVA
ATP
BLUP
BW
CoA
CP
DM
DNA
ELISA
FSH
GLC
GLM
HPLC
IGF
IR
LH
MS
n
NAD
NADP
NADPH,
NDF
NIRS
PAGE
PCR
PMSG
RNA
SDS
uv

Standard statistical abbreviation
cv
df
EMS
F
LSD
MS
P
use ns

use *

use **

use FkE

Adrenocorticotropic hormone

Acid detergent fibre

Acid detergent lignin

Adenosine diphosphate

Analysis of variance

Adenosine triphosphate

Best linear unbiased prediction

Body weight

Coenzyme A

Crude protein

Dry matter

Deoxyribonucleic acid
Enzyme-linked immunosorbent assay
Follicle-stimulating hormone
Gas-liquid chromatography

General Linear Model

High performance (pressure) liquid chromatography
Insulin-like growth factor

Infrared

Luteinising hormone

Mass spectrometry

Number of samples

Nicotinamide adenine dinucleotide
Nicotinamide adenine dinucleotide phosphate
Reduced nicotinamide adenine dinucleotide phosphate
Neutral detergent fibre

Near infrared stectrophotometry
Polyacrylamide gel electrophoresis
Polymerase chain reaction

Pregnant mare serum gonadotropin
Ribonucleic acid

Sodium dodecyl sulfate

Ultraviolet

coefficient of variation
degrees of freedom
expectation of mean square
variance ratio

least significant difference
mean square

probability

P<0.05, in tables

P<0.05, in tables

P<0.01, in tables

P<0.001, in tables

simple correlation coefficient
multiple correlation coefficient
coetficient of determination
residual standard deviation
root mean square error
standard deviation

standard error of difference
standard error of mean
standard error of estimate
chi square
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The names of the chemicals do not need to be written in full; chemical symbols are sufficient. Fatty acids
are abbreviated using the rule: cis-18:1 for the sum of cis octadecenoic acids. When isomers are
described, the double bond positions are identified by numbering from the carboxylic acid end: ¢9,t11-
18:2; is0-15:0. The terms "omega 3" and "omega 6" are discouraged and replaced by "n-3" and "n-6",
e.g. 18:3n-3. Trivial names can be used for most known fatty acids (myristic, palmitic, oleic, linoleic,
linolenic) and abbreviations in some cases: CLA for conjugated linoleic acids, EPA for eicosapentaenoic
acid, DHA for docosahexaenoic acid. Chemical names and trivial names cannot be mixed in a same table.

Capitals
Capitals directions
e Initial capitals are used for proper nouns, for adjectives formed from proper names, for
generic names and for names of classes, orders and families
¢ Names of diseases are not normally capitalised

Italics
Italics directions
Use italics for:
e Authors’ addresses (see above)
e Subheadings (see above)
e Titles for tables (but not captions for figures)
e  Most foreign words, especially Latin words, e.g. ad hoc, ad libitum, et al., in situ, inter
alia, inter se, in vitro, per se, post mortem, post partum, m. biceps femoris
but no italics for ¢.f,, corpus luteum, e.g., etc., i.e., NB, via
¢ Mathematical unknowns and constants
e [etters used as symbols for genes or alleles e.g. Hbh4, 7f D (but not chromosomes or
phenotypes of blood groups, transferrins or haemoglobins, e.g. HbAA, TfDD)

Numerals
Numerals directions
¢ In text, use words for numbers zero to nine and numerals for higher numbers. In a series
of two or more numbers, use numerals throughout irrespective of their magnitude
¢ Do not begin sentences with numerals
e  For values less than unity, 0 is inserted before the decimal point
For large numbers in the text, substitute 10* for part of a number (e.g. 1.6 10° for
1 600 000)
Do not use a comma separator for numbers greater than 999 (e.g. 100 864)
The multiplication sign between numbers should be a cross (x)
Division of one number by another should be indicated as follows: 136/273.
Use numerals if a number is followed by a standard unit of measurement (e.g. 100 g, 6
days, 4th week).
e Usenumerals for dates, page numbers, class designations, fractions, expressions of time,
e.g. 1 January 2007; type 2
¢ Dates are given with the month written in full and the day in numerals (i.e. 12 January
not 12th January).
¢  For time use 24-h clock, e.g. 0905 h, 1320 h

Units of measurement

The International System of Units (SI) should be used. A list of units is found at
http://physics.nist.gov/cun/Units/units.html. Recommendations for conversions and nomenclature
appeared in Proceedings of the Nutrition Society (1972) 31, 239-247. Some frequently used units that
are not in the SI system are accepted: e.g. 1 for litre, ha for hectare, eV for electron-volt, Ci for curie.
Day, week, month and year are not abbreviated. The international unit for energy (energy value of feeds,
etc.) is Joule (or kJ or MI).

A product of two units should be represented as N'm and a quotient as N/m (e.g. g/kg and not g kg™?).
‘When there are two quotients, represent as: g/kg per day (not g/kg/day).
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Concentration or composition
Composition is expressed as mass per unit mass or mass per unit volume. The term content should not
be used for concentration or proportion.
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