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RESUMO

Boas praticas aplicadas a colheita do semen bovino influenciam nos
parametros espermaticos

Um dos fatores limitantes para a qualidade do sémen bovino é a contaminacao
bacteriana, que normalmente é controlada com adicdo de suplementos
antibiéticos nos diluentes. O presente trabalho avaliou a influéncia da carga
microbiana do sémen sobre parametros de qualidade no espermograma. Quatro
partidas de sémen fresco de 25 touros, doadas por uma central de inseminacao
artificial foram diluidas e semeadas superficialmente em placas de agar Sangue
ovino desfibrinado a 5%, agar Baird-Parker e agar MacConkey. Paralelamente, os
equipamentos de coleta e congelamento de sémen foram testados para
contaminagao microbiolégica. O escore de produgdo de urease em caldo uréia,
fermentacdo da frutose em caldo vermelho fenol foram avaliados para os
microrganismos isolados. Contagens bacterianas foram estatisticamente
correlacionadas (p<0,05) com percentual de defeitos totais maiores (r=0,199) e
menores (r=0,202), cauda dobrada ou enrolada (r=0,237), cabega isolada normal
(r=0,226), vezes em que vagina artificial foi reutilizada (r=0,224), tempo para
realizar a monta (r=0,247) e horario da coleta de sémen (r=0,202). Os escores de
producado de urease por Staphylocoocus coagulase-positivo se correlacionaram
com percentual de defeitos na peca intermediaria e motilidade no teste de
termoresisténcia, e de fructase com percentual de defeitos menores. Detectou-se
potencial contaminagédo cruzada do sémen com escovas de higiene, diluente de
sémen e circuitos de congelamento de sémen pré-envase, que foram
devidamente controlados com medidas de higiene. Os resultados indicam que
concentracdo de bactérias no sémen e a produgao destas enzimas podem
influenciar na qualidade dos espermatozoides e que o0 monitoramento
microbiolégico de equipamentos e materiais deve ser rotineiramente realizado.

Palavras-chave: sémen, bovinos, microbiologia.



ABSTRACT

Good practices applied to the collection of bovine semen influence in the
sperm parameters

One of the limiting factors for the quality of bovine semen is bacterial
contamination, which is usually controlled by adding antibiotic supplements to the
diluents. The present work evaluated the influence of semen microbial load on
quality parameters in the spermogram. Four sets of fresh semen from 25 bulls,
donated by an artificial insemination plant, were diluted and plated superficially on
5% defibrinated sheep blood agar, Baird-Parker agar and MacConkey agar. At the
same time, the freezing equipment was tested for microbiological contamination.
The urease production score in urea broth, fructose fermentation in phenol red
broth were evaluated for the isolated microorganisms. Bacterial counts were
statistically correlated (p <0.05) with the percentage of major (r = 0.199) and minor
(r = 0.202) total defects, folded or curled tail (r = 0.237), normal isolated head (r =
0.226), times when the artificial vagina was reused (r = 0.224), time to perform the
breeding (r = 0.247) and the hour of semen collection (r = 0.202). Scores of urease
production by Staphylocoocus was correlated with the percentage of defects in the
intermediate part and motility in the thermoresistance test, and fructase with the
percentage of minor defects. Possible cross contamination of the semen was
detected with hygiene brushes, semen diluent and semen freezing circuits pre-
filling, which were properly controlled with hygiene measures. The results indicate
that the concentration of bacteria in the semen and the production of these
enzymes can influence the quality of sperm and that the microbiological monitoring
of equipment and materials should be performed routinely.

Key-Words: microbiota, males, microbiology.
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Resumo

Um dos fatores limitantes para a qualidade do sémen bovino é a contaminacao
bacteriana, que normalmente é controlada com adicdo de suplementos
antibiéticos nos diluentes. O presente trabalho avaliou a influéncia da carga
microbiana do sémen sobre parametros de qualidade no espermograma.
Quatro partidas de sémen fresco de 25 touros, doadas por uma central de
inseminacao artificial foram diluidas e semeadas superficialmente em placas de
agar Sangue ovino desfibrinado a 5%, agar Baird-Parker e agar MacConkey.
Paralelamente, os equipamentos de coleta e congelamento de sémen foram
testados para contaminagao microbiologica. O escore de produgdo de urease
em caldo uréia, fermentacdo da frutose em caldo vermelho fenol foram
avaliados para os microrganismos isolados. Contagens bacterianas foram
estatisticamente correlacionadas (p<0,05) as caracteristicas do sémen bovino,

incluindo percentual de defeitos totais maiores (r=0,199) e menores (r=0,202),
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cauda dobrada ou enrolada (r=0,237), cabecga isolada normal (r=0,226), vezes
em que vagina artificial foi reutilizada (r=0,224), tempo para realizar a monta
(r=0,247) e horario da coleta de sémen (r=0,202). Os escores de producdo de
urease por Staphylocoocus coagulase-positivo se correlacionaram com
percentual de defeitos na peca intermediaria e motilidade no teste de
termoresisténcia, e de fructase com percentual de defeitos menores. Detectou-
se possivel contaminag&o cruzada do sémen com escovas de higiene, diluente
de sémen e circuitos de congelamento de sémen pré-envase, que foram
devidamente controlados com medidas de higiene. Os resultados indicam que
concentracdo de bactérias no sémen e a produgdo destas enzimas podem
influenciar na qualidade dos espermatozoides e que o monitoramento
microbiolégico de equipamentos e materiais deve ser rotineiramente realizado.

Palavras-chave: microbiota, machos, microbiologia

1. Introdugao

No Brasil, o agronegécio destaca-se como o setor com maior impulso
para a economia nacional. Entre os anos de 2017 e 2018, a agropecuaria
contribuiu com 21,4% do Produto Interno Bruto (PIB) nacional, sendo que, apenas
a pecuaria, representou 8,7% desse total [1,2]. Neste contexto, tém se destacado
a bovinocultura brasileira, visto que o pais detém o maior rebanho comercial do
mundo, estimado em 215 milhdes de cabegas de gado [3]. Destes, mais de quatro
milhdées de bovinos sdo machos acima de 3 anos de idade [4].

Um dos fatores determinantes para alcancar este patamar € o uso de
biotecnologias da reprodugdo, com destaque para a inseminacgao artificial (I1A),
técnica que evoluiu nos ultimos anos com a incorporagdao de diluentes
criopreservantes, eletroejaculadores, testes de progénie e citometria de fluxo de
espermatozoides portadores de cromossomos X e Y para produgdao de sémen
sexado [5,6]. Na ultima década, a tecnologia reprodutiva introduziu a edi¢ao de
genoma, com mudangas rapidas nas perspectivas de avangos para a pecuaria
mundial [7].

Se estimulados adequadamente, touros maduros e saudaveis podem
produzir de quatro a seis ejaculados por semana [8], sendo capazes de gerar

centenas de partidas de sémen congelado por ano para criar populagbes de
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bovinos geneticamente superiores [9]. Diante da alta demanda por sémen de
qualidade superior, as centrais de IA se modernizaram incorporando tecnologias
que incluem analises de imagens digitais do ejaculado e envase automatizado de
sémen diluido, a fim de maximizar a producao [10], associadas a esquemas de
manejo eficientes que exploram o potencial reprodutivo de cada touro e reduzem
os custos de produgao associados [8].

Apesar de adotaram processos altamente tecnoldgicos, a qualidade do
sémen pode ser comprometida pela presenca de bactérias que produzem
metabdlitos e produtos toxicos capazes de prejudicar a qualidade espermatica
[11-13]. A maior parte destes microrganismos s&do oriundos da microbiota
comensal do prepucio e mucosas ou de infecgdes localizadas no sistema
urogenital dos touros [14,15]. Mais raramente, as bactérias podem colonizar o
aparelho reprodutivo a partir da via hematdgena, incluindo patégenos zoondticos
altamente contagiosos como Brucella abortus e Brucella melitensis [16].

Dentre as espécies e géneros mais comuns no sémen, podem ser isolados
Bacillus sp, Staphylococcus sp., Corynebacterium sp, Streptococcus sp,
Pseudomonas aeruginosa, Micrococcus luteus, Staphylococcus epidermidis e
Staphylococcus intermedius (ABRO, 2016; YANIZ et al., 2010). Amostras de
sémen bubalino fresco apresentam perfil similar, com isolamento de
microrganismos como Micrococcus sp., Bacillus sp., Rhodococcus equi,
Staphylococcus auricularis, Moraxella bovis, Staphylococcus chromogenes,
Staphylococcus simulans e Enterobacter sp. [20].

A inteiracdo entre as enzimas produzidas pelas bactérias da microbiota
genital dos touros e qualidade espermatica € pouco explorada em estudos
cientificos [12]. Dentre as enzimas que possuem potencial para afetar a qualidade
do semen, destaca-se a fructase e a urease. A fructase € uma enzima produzida
por muitas espécies bacterianas que tem como alvo a metabolizagdo do
monossacarideo frutose [21], sendo este agucar, a principal fonte de energia para
a motilidade espermatica [22]. A urease € outra enzima produzida por muitas
bactérias e associada a hidrélise da uréia e alguns aminoacidos, gerando a
amonia, composto alcalino que podem afetar diversas fungdes celulares [23].

Além das bactérias oriundas do proprio touro, o sémen pode ocorrer

contaminagao cruzada do sémen com equipamentos e materiais utilizados na
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coleta [24]. A persisténcia dos microrganismos nestes materiais € desconhecida,
mas possivelmente pode ser influenciada pela formagéo de biofilmes em diversos
materiais [25]. Diante desse cenario, programas de monitoramento de pontos de
contaminagao microbiolégica do sémen durante os as etapas de processamento
podem ser Uteis para implementar programas de boas praticas nos procedimentos
de coleta e congelamento de sémen [26]. O presente estudo teve como objetivo,
avaliar a influéncia da carga microbiana do sémen sobre parametros de qualidade

No espermograma.

2. Material e métodos

Foram utilizados na presente pesquisa 25 touros em idade reprodutiva,
sexualmente maduros, e sem predilegdo por raga mantidos em regime de
confinamento em uma Central de |A localizada na regido Oeste do Estado de Sao
Paulo. Foram incluidos na pesquisa, animais taurinos e zebuinos das racas
Aberdeen Angus (n=7), Braford (n= 1), Brangus (n=2), Gir (n=1), Girolando (n=1),
Jersey (n=3), Nelore (n= 8), Sind (n= 1) e Tabapua (n=1). Nao foram utilizados
critérios para inclusdo destas ragas na pesquisa, sendo coletadas amostras de
todos os animais da Central de IA que foram manejados no periodo do estudo.

De cada touro, foram coletadas quatro partidas de sémen intervaladas de
quatro dias, totalizando 100 amostras avaliadas. As coletas foram baseadas nas
recomendagdes do Colégio Brasileiro de Reprodugéo Animal [27]. No periodo da
manha, apos higienizagcdo e lavagem da regido prepucial com solugdo
antisséptica em tronco de contencao, os animais foram encaminhados para um
patio, onde montaram sobre manequins vivos. Na primeira monta de cada touro, o
pénis foi desviado da vagina artificial, realizando-se a oclusdo manual da uretra, a
fim de concentrar o ejaculado. A partir da segunda monta, o pénis foi desviado
para dentro de vaginas artificiais lubrificadas e aquecidas, que foram
encaminhadas para o setor de analises (area limpa).

Na area limpa, uma aliquota foi submetida a exames laboratoriais para
determinar concentracdo, motilidade, vigor e percentual de defeitos maiores e
menores, além de estimativa do escore de termorresisténcia. Apos estes

procedimentos, o sémen foi diluido e envasado em paletas com auxilio de uma
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plataforma automatizada em camara fria, e depois congelado para estocagem em
raques submersos em nitrogénio liquido.

Os exames microbioldgicos foram divididos em duas modalidades: exames
quantitativos realizados a partir de sémen fresco, imediatamente antes de
ingressar na area limpa da Central, e culturas qualitativas dos materiais e
equipamentos utilizados nos procedimentos de analise, diluicdo e congelamento
do sémen. Nos exames do sémen, 1 ml de ejaculado foi aspirado do interior dos
cones plasticos acoplados nas vaginas artificiais com auxilio de micropipeta e
ponteiras estéreis com filtro, e depositado em tubo contendo 9 mL de solucéo
salina a 0,9% estéril (diluicdo 10™"). O material diluido foi refrigerado em caixas
isotérmicas e encaminhado para o laboratério de analises microbiolégicas no
menor tempo possivel. Sequencialmente, foram realizadas diluicdes seriadas nas
proporgdes de 102 e 10 em solugao salina estéril a 0,9%. De cada diluigao foram
retirados 0,1 mL para semeadura superficial em triplicata em placas de agar
Sangue ovino desfibrinado a 5% para isolamento de mesdfilos totais, agar Baird-
Parker suplementado com gema de ovo de telurito de potassio (HimediaTM) para
isolamento de Staphylococcus spp, agar MacConkey (Himedia™) para isolamento
de enterobactérias e agar cromogénico E. coli para isolamento de E. coli
(Himedia™).

O sémen diluido foi espalhado na superficie de cada agar com auxilio de
uma alga de Drigalsky. Apdés 24-48 de incubacgado, as col6nias presentes nas
placas foram identificadas por caracteristicas morfolégicas nos meios de cultura,
tintoriais (coloragdo de Gram) e bioquimicas [28]. As colbnias foram enumeradas
em contador de coldnias eletrdnico (Phoenix Luferco cp 600 plus™) e os valores
obtidos expressos como Unidades Formadoras de Coldnias (UFC) por ml de
sémen [29], separadamente para cada modalidade de microrganismos
pesquisados (mesofilos totais, Enterobactérias, E. coli, Staphylococcus
coagulase-positivo e coagulase-negativo).

Na segunda etapa, foram rastreados possiveis pontos de contaminagao
cruzada do sémen com equipamentos e materiais utilizados em todos os
processos de analise, diluicdo e congelamento do sémen. Quando mais de 50%
dos touros ja haviam sido submetidos a coleta e analise do sémen, foram

atritados suabes estéreis na superficie das escovas utilizadas para higienizar os
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cones de coleta e vaginas artificiais, luvas utilizadas pelos colaboradores para
direcionar o pénis dos touros para as vaginas artificiais, espatula e lubrificante
utilizados na porgéo inicial das vaginas artificiais, superficie interna das vaginas
artificiais e dos cones de coleta, ponteiras utilizadas para pipetagem do sémen,
frascos de vidro do tipo Ellenmeyer utilizados preparo de diluente, paletas para
envase do sémen diluido, cone para depdsito de sémen diluido dentro da camara
fria e, por¢cdo interna dos circuitos de mangueiras de silicone utilizadas para
injetar o sémen resfriado dentro das paletas. Além dos suabes, foram coletadas
com micropipetas estéreis amostras de 5 ml do diluente comercial do sémen em
uso no dia. O ar resfriado que circula dentro da camara fria foi avaliado com uso
de duas placas de Petri contendo agar sangue dispostas em pontos equidistantes
na plataforma de congelamento por 60 minutos [30].

Todos os materiais coletados foram refrigerados e encaminhados para as
analises microbiolégicas no menor tempo possivel. Os suabes e a amostra de
diluente foram semeados placas de agar sangue ovino desfibrinado a 5% e agar
Mac Conkey, que foram incubadas, conjuntamente com as placas expostas ao ar
da camara fria, a 37°C por 24-72 horas. Apos este periodo, as colbnias isoladas
mais com aparéncia classica foram identificadas pelo perfil bioquimico, com
chaves taxonémicas baseadas em métodos probabilisticos [28].

Apos os procedimentos acima identificarem possiveis fontes de
contaminagao para o sémen, foram propostas medidas de controle dos pontos de
contaminagdo. Apos 27 dias da implementacdo das medidas de controle, a
contaminagdo dos mesmos pontos foi reavaliada, utilizando-se os mesmos
procedimentos e pontos de coleta acima descritos.

Os isolados identificados como enterobactérias e Staphylococcus spp, nos
meios supracitados, foram submetidos a ensaios para estimar-se a intensidade
com que produziam as enzimas urease e fructase. Foram preparados indculos
contendo 1,5 x 108 unidades formadoras de colénias (UFC)/mL a partir de culturas
puras desenvolvidas em caldo cérebro coragao, apdés 18 horas de incubacao a
37°C. De cada indculo foram retirados 100 yL para semeadura em 0,5 mL de
caldo ureia (Himedia™) e 0,5 mL de caldo vermelho fenol contendo 1% de
Frutose. Os caldos foram incubados a 37°C e examinados a cada 6 horas por 72

horas para verificacdo da alteracdo de cor. Foram consideradas urease positivas
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as cepas bacterianas que modificarem a cor do caldo ureia para qualquer
tonalidade de rosa [31] e para as que degradam a frutose, tonalidades de amarelo
no caldo vermelho fenol [28]. As cepas foram classificadas em escores, de acordo
com o tempo necessario para viragem da cor do meio: 0 = sem alteragéo; 1- 54 a
72 horas; 2- 36 a 48 horas; 3- 24 a 48 horas; 4 — 6 a 12 horas. Uma cepa de
referéncia de Staphylococcus aureus (ATCC) foi utilizada como controle positivo
para ambas as reacdes. O tempo minimo necessario em horas para a alteracéo
da tonalidade de cor dos meios de cultura em relagdo a cepa controle foi
registrado.

A central de inseminagdo forneceu os parametros analisados no
espermograma e no manejo de coleta de sémen, incluindo concentragao,
motilidade, vigor, aspecto e cor do ejaculado, escore de termorresisténcia e
percentual de defeitos menores e maiores, numero de vezes que a vagina artificial
no qual o sémen foi depositado foi reutilizada no mesmo dia de coleta (NV), se o
touro usava ou n&o argola nasal para o manejo de deslocamento, tempo em
minutos entre a disposicao do animal na frente da vaca e a decisao do touro saltar
(TM), numero de montas necessarias para a coleta (NMC) e horarios de coleta
dividido em trés momentos (1° tergo = 8:00-8:30; 2° ter¢co = 8:30-9:00 e 3° tergo =
apos as 9:00).

Para as andlises estatisticas, considerou-se que cada ejaculado foi uma
unidade independente a ser analisada, totalizando 100 unidades (25 touros x 4
coletas). As contagens bacterianas totais expressas em UFC/ml de ejaculado
para mesofilos aerdbios totais (MAT), enterobactérias (ENB), Staphylococccus
coagulase-negativo (SCN), Staphylococcus coagulase-positivo (SCP) e
Pseudomonas aeruginosa (PA) sofreram transformagao logaritmica na base 10.
Para valores com contagens com valores zero, acrescentou-se o valor 1,0 para
viabilizar a transformacéo.

Recorreu-se a analise de correlagcdo nao paramétrica de Spearman para
verificar a relagdo entre as contagens logaritmizadas dos microrganismos,
parametros no espermograma, escore de tempo necessario para degradagao da
urease e fructase in vitro pelos microrganismos estudados e os procedimentos de
manejo listados citados anteriormente. As contagens logaritmizadas foram

comparadas entre touros com predominancia da raga zebuina (Bos indicus) ou
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taurina (Bos taurus), touros que usaram ou nao argola nasal no manejo de
contencdo, sémen aprovados ou ndo para comercializacdo, critérios de
classificagao visual do sémen (aquoso ou concentrado) e entre ejaculados com
presenga ou nao de Staphylococcus produtores biofilmes por analise de varidncia
de modelos mistos, visando incorporar efeitos fixos e aleatdrios das variaveis

dependentes (repetigdes para mesmo touro) e independentes (touros).

3. Resultados e Discussao

Neste trabalho fomos capazes verificar que a contaminacao bacteriana do
sémen esta correlacionada com alteragdes na qualidade dos espermatozoides e
que contaminagdes cruzadas do sémen com equipamentos e materiais podem
ocorrer nas etapas poés-colheita. Estas contaminagdes cruzadas podem ser
minimizadas com monitoramento para aplicagdo de medidas de Higiene
adequadas.

Das 100 amostras de sémen analisadas, 13 (13%) estavam inaptas para
comercializagdo, segundo critérios adotados pela empresa. As variaveis que
apresentaram correlagao significativa com os parametros do espermograma e

manejo de coleta estdo sumarizados na tabela 1.

Tabela 1 — Coeficientes de correlagcdo ndo paramétrica de Spearman (rho)
significativos (p<0,05) para CBT logaritmizadas x parametros de manejo e

resultados do espermograma.

Variaveis do espermograma rho p
PA x Cauda Dobrada ou Enrolada 0.237 0.020
MT x Numero de espermatozoides 0.230 0.021

MT x Defeitos maiores 0.199 0.048

MT x Cabeca Isolada Normal 0.226 0.027

SCN x Defeitos menores 0.202 0.043

ENB x Cauda Dobrada ou Enrolada 0.203 0.047
Variaveis do manejo da coleta

PA x NV 0.224 0.023

SCP xTM 0.247 0.013
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ENB x HC 0.202 0.044

PA = Pseudomonas aeruginosa; NV = numero de vezes que a vagina artificial foi
reutilizada no touro doador do sémen; MT = Mesodfilos totais; SCN =
Staphylococcus coagulase-negativo; SCP = Staphylococcus coagulase-positivo;
TM = tempo para a monta em minutos; ENB = Enterobactérias; HC = horario da
monta.

As correlacdes significativas e positivas entre defeitos observados (Tabela 1)
e contagem bacteriana, sugerem que a microbiota seminal exerce papel deletério
na fertilidade dos touros, sendo tais acgdes, possivelmente concentragao-
dependentes, 0 que é condizente com pesquisas prévias [32]. As bactérias
isoladas podem liberar toxinas e exotoxinas que influenciam fisiologicamente no
aumento dos defeitos maiores e menores, observados no espermograma, o que
pode justificar a populagdo de mesodfilos totais correlacionar-se com a presenga
de cauda dobrada ou enrolada. Isso pode ocorrer pela acdo de toxinas
bacterianas. Os mecanismos associados a este fendbmeno podem estar
relacionados a alteracdo do pH, competicdo por substratos [12] ou pela acéo
direta sobre as células, levando a defeitos estruturais na membrana dos
espermatozoides [12,32,33]. Muitos destes defeitos sdo genéticos ou de ordem
fisiologica apds exposicdo a condicdes ambientais adversas [34]. No caso dos
microrganismos Gram-negativos, a agao deletéria pode ser decorrente da agao de
endotoxinas, (lipopolissacarideos), capazes de reduzir a viabilidade e capacidade
de fertilizacdo dos espermatozoides [35,36].

Considera-se que Staphylococcus também pode ter agdo deletéria em
razdo da producao de exotoxinas, contudo nossos dados revelaram que apenas
as concentragcdes bacterianas de cepas nao produtoras de plasma coagulase
foram correlacionadas com a presenca de defeitos menores. Os mecanismos
exatos da acgédo deletéria destes microrganismos sobre a presenca de defeitos
maiores e menores no sémen sao ainda pouco conhecidos, [33]. Em contraste, a
acgao de linhagens produtoras de plasma coagulase, como S. aureus pode levar a
reducdo do numero de espermatozoides, supressao da motilidade, alteracbes na
morfologia e capacidade de fertilizagao [37].

A correlagao positiva entre o niumero de vezes em que a vagina artificial foi

reutilizada nos procedimentos sugere que a presenca de Pseudomona aerugionsa
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no sémen pode estar relacionada com fontes exdgenas, nas etapas pds-coleta,
estes microrganismos s&o comumente produtores de biofilmes [25], e podem
desta forma, colonizar as vaginas artificiais ou materiais usados na sua
higienizagao. Esta mesma hipdtese pode explicar a correlagéo entre contagens de
enterobactérias e periodo de coleta, posto que sémen coletados nos horarios
finais das operac¢des de manejo foram mais propensos a contaminacéo (tabela 1).

A correlagdo entre o tempo para monta e a presenga de microrganismos
sugere que touros que demoram mais para realizar a monta acumulam mais
microrganismos nos trajetos de eliminagdo do sémen. Uma possivel explicagcéo é
a ansiedade gerada por este procedimento, que pode induzir o animal a urinar,
facilitando a contaminacdo do sémen [38].

Mesmo sob as melhores e mais adequadas condicdes de colheita, 0 sémen
in natura apresenta certa contaminagdo microbiana, geralmente entre 150.000 e
650.000 microrganismos/mL. Até o ano de 2005, a Organizagdo Mundial de
Saude Animal (OIE) preconizava que a contagem bacteriana do sémen
industrializado fornecia a indicagcdo dos procedimentos higiénicos da central
produtora e ndo deveria ultrapassar 5x10° bactérias por mL de sémen. Entretanto,
a indefinigdo do papel de bactérias da microbiota de prepucio e ubiquitarias sobre
a capacidade fecundante do sémen, e ainda sobre a possibilidade de causar
infeccdo em fémeas bovinas, alterou as recomendacgdes atuais da OIE sobre a
colheita, higiene e manipulagdo do sémen in natura e industrializado, ndo sendo
mais definida a quantidade limite de microrganismos por mL de sémen aceitavel
para uso em inseminacao artificial. Por outro lado, a contaminagdo bacteriana
presente no sémen rotineiramente utilizado para IA tem se mostrado limitante
para o sucesso da técnica de fertilizagao in vitro, particularmente no momento do
cultivo. Pequenas quantidades de agentes ubiquitarios, de microbiota autoctone
ou mesmo oportunistas sao francamente multiplicados nas condicbes
empregadas na FIV [39]

Os resultados das comparagbes entre contagens bacterianas
logaritmizadas para ragas, manejo de contengao, aprovagao para comercializagao

e critérios de classificacido visual do sémen estao descritos na tabela 2.



Tabela 2 - Médias e desvio-padroes das contagens logaritmizadas de
bactérias de 100 amostras de sémen, segundo aptiddo racial, uso de argola no
manejo de contengdo, aspecto de ejaculado e aprovagdo da partida para

comercializagao.

_ _ Predominancia da raga p
Microrganismo

Taurino (N=52) Zebuino (N=48)
ENB 0.687 £ 1.325 0.853 £+ 1.542 0.675
SCN 0.430 £ 0.671 0.290 £ 0.420 0.904
SCP 0.080 £ 0.390 0.089 £ 0.243 0.164
MT 3.535 £ 1.900 3.852 + 1.163 0.727
PA 0.870 £ 1.750 0.718 £ 1.442 0.835
Uso de argola para manejo
Sim (N=18) Nao (N=82)
ENB 0.505 £ 0.975 0.824 + 1.508 0.573
SCN 0.735 £ 0.620 0.279 £ 0.523 <0.001*
SCP 0.137 £ 0.584 0.073 £ 0.240 0.546
MT 4,587 +1.222 3.490 + 1.599 0.012*
PA 0.267 £ 1.135 0.913 £ 1.672 0.100
Aspecto do ejaculado
Aquoso (N=21) Concentrado (N=79)
ENB 0.756 £ 1.390 0.772 £ 1.460 0.935
SCN 0.467 £ 0.685 0.302 £ 0.483 0.520
SCP 0.094 £ 0.300 0.078 £ 0.342 0.767
MT 3.710 £ 1.585 3.675 £ 1.605 0.472
PA 0.715 £ 1.500 0.842 + 1.668 0.731
Aptos para comercializag&o?
Sim (N=87) Nao (N=13)

ENB 0.836 + 1.658 0.756 + 1.401 0.945
SCN 0.504 £ 0.645 0.340 £ 0.554 0.245
SCP 0.104 £ 0.377 0.081 £ 0.320 0.828
MT 4.077 + 1.568 3.627 £ 1.594 0.295
PA 0.597 + 1.461 0.826 £ 1.629 0.655

21
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PA = Pseudomonas aeruginosa; MT = Mesdfilos totais; SCN = Staphylococcus
coagulase-negativo; SCP = Staphylococcus coagulase-positivo; ENB =
Enterobactérias; p = valor de p na comparacgao estatistica pelo teste t ndo

pareado.

Verificou-se que as contagens bacterianas ndo diferiram entre ragas com
predominancia de zebuinos ou taurinos. A composi¢ao da microbiota prepucial de
touros nao parece ser influenciada pelo padrdo racial [40]. Contudo, a
higienizagcdo e lavagem das cavidades prepucial, antes da coleta se parece ser
um fator determinante para reduzir a carga microbiana no sémen [15]. Desta
forma, a concentragdo de microrganismos no semen pode ter sido afetada pelas
lavagens, mascarando o papel das ragas na afericado deste parametro.

A concentracdo de diferentes microrganismos no sémen n&o foi
determinante para a classificagdo dos animais em aptos e inaptos (tabela 2).
Apesar de nossos dados revelarem que a concentragao de microrganismos no
sémen esta correlacionada com parametros negativos do espermograma (Tabela
1), acreditamos que a magnitude das altera¢gdes observadas n&o foi suficiente
para desqualificar as partidas do sémen e que outros fatores ndo controlados em
nosso estudo devem ter influenciado neste aspecto. O aspecto do ejaculado
também nao influenciou na microbiota, denotando que a composicido microbiana
ndo parece afetar este parametro (Anexo 1).

Touros que usaram manejo de argola apresentaram concentragdes
bacterianas mais elevadas no esperma do que touros que nao utilizaram. Uma
hipétese para explicar este fato reside no temperamento do touro. Animais
submetidos ao manejo de argola nasal para condugdo dos trabalhos tem
temperamento mais reativo do que animais que nao usam. Este parametro parece
afetar as caracteristicas seminais [41], mas com nossos dados nao é possivel
afirmar se influenciam também na microbiota.

Os resultados da analise de correlagdo de Spearman entre parametros no
espermograma e escore de produgdo de urease e fructase, que resultaram

significativos, estdo descritos na tabela 3.
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Tabela 3— Coeficientes de correlagdo ndo paramétrica de Spearman (rho)
significativos (p<0,05) para Escores de produgdo de urease e fructase x
resultados do espermograma.

Enzima Microrganismo parametro rho p
SCN % Defeitos na peca intermediaria  0.484 0.006
Urease % Defeitos na peca intermediaria  0.782 0.037
SCP Motilidade no Teste de
. _ 0.940 0.001
termoresisténcia
Fructase SCP % Defeitos menores 0.762 0.046

SCN = Staphylococcus coagulase-negativo; SCP = Staphylococcus coagulase-
positivo.

Assumiu-se que na presente pesquisa, o tempo requerido para degradar a
uréia (producao de urease) e a frutose (producédo de fructase) séo indicadores
fenotipicos razoaveis da magnitude com que as cepas isoladas expressam estas
enzimas. Nossos dados revelaram que cepas de Staphylococcus coagulase-
positivo e negativo, fortemente produtoras de urease, foram isoladas de amostras
de esperma bovino com alta percentagem de defeitos em pecgas intermediarias.
Esta observacido é corroborada pela forte correlagado positiva entre produgao de
urease por cepas de Staphylococcus coagulase-positivas e redugao da motilidade
espermatica no teste termorresisténcia. Estes resultados sugerem que esta
enzima tem acdo direta ou gera metabdlitos tdéxicos para que prejudicam a os
fragelos dos espermatozodides, A urease €& reconhecida como um fator de
viruléncia em cepas associadas a infecgdes urinarias, sendo possivel que tenha
papel relevante na génese de alternagbes espermaticas [42]. A agado foi mais
intensa paras as cepas coagulase-positivas, que em geral, sdo mais associadas a
maior varidade de patologias do que as cepas coagulase-negativas [43].

A produgdo da fructase, ao contrario do que se esperava, néo foi
correlacionada com parametros diretamente ligados a movimentagao
espermatica, incluindo a motilidade e o vigor [22,44]. Contudo, a enzima parece
ter alguma acgédo sobre a presenca de alteragdes espermaticas, visto que foi

fortemente correlacionada com percentual de defeitos menores. Uma possivel
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explicacado para este fato sao alteracdes drasticas no pH seminal, posto que que
este agucar pode gerar metabdlitos acidos, sendo comum em comum em agentes
microbianos [45].

Na tabela 4 estdo descritos os pontos criticos para contaminacao
cruzada do sémen, microrganismo detectado e forma de controle aplicada. Em
todas as etapas, a aplicacdo das medidas de controle foi efetiva em reduzir

e/ou erradicar a contaminagéo.
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Tabela 4 — Pontos criticos para contaminagao de equipamentos em diferentes

etapas dos procedimentos de coleta e congelamento de sémen bovino.

Etapa Material Microrganismo Forma de controle
, Lavagem das escovas
Escova de lavagem Edwardsiella ° ) _
tarda com agua aquecida
) N3&o foi considerado
Luvas dos colaboradores Micrococcus spp
ponto de controle
Lubrificante e espatula para ) _
] o ) Complexo Desinfecgao das
Pré-coleta lubrificagdo das vaginas )
o Enterobacter sp espatulas antes do uso
artificiais
Revestimento de borracha )
. o Negativo NA
das vaginas artificiais
Cone coletor de sémen _
. o Negativo NA
acoplado na vagina artificial
Tampas dos fracos tipo
“Falconi” onde sémen o Negativo NA
ejaculado é coletado
onteiras para pipetagem do
P P . Pipetad Negativo NA
sémen
Diluigédo do frascos de vidro do tipo
sémen Ellenmeyer de preparo de Negativo NA
diluente
Revisao da sensibilidade
) ) Complexo dos agentes aos
diluente esteril o .
Enterobacter sp antibidticos adicionados
nos diluidores
paletas para envase do )
Negativo NA

sémen diluido

Ar que circula dentro da
camara fria

Congelamento o
cone para deposito de

sémen diluido
circuitos de mangueiras de
silicone do aparato de

envase

Fungos e bolores

Negativo

Serratia

liquefaciens

Manutencéo e limpeza
dos filtros e sistemas de

condicionador do ar

NA

Troca periédica dos

circuitos das mangueiras

NA = nao se aplica
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O monitoramento das etapas de contaminacdo mostrou-se efetivo em
controlar microrganismos presentes nas etapas pos-ejaculagdo. Em uma segunda
analise, ndo foram detectadas contamina¢des nestes equipamentos. Contudo, os
resultados reforcam a preocupagao com contaminacdes pds-processamento que
podem inserir bactérias prejudiciais a qualidade espermatica por meio de
contaminacgao cruzada.

As escovas plasticas utilizadas na higienizagdo das vaginas artificiais
apresentaram contaminacdo, mesmo apos imersas em solucdo de cloreto de
benzalcbnio, na concentragdo de 10mL em 20 litros de agua, por 2 horas antes do
uso. Estes resultados sugerem que o microrganismo isolado apresenta resisténcia
frente ao desinfetante. Este € um fendbmeno conhecido, sendo relatado para
varios microrganismos, contudo outros fatores podem influenciar a agao dos
desinfetantes sobre os microrganismos, incluindo diluigdo, tempo de agao,
inteiracdo com outras substancias, etc. [46,47]. Dentre as possiveis alternativas,
podem ser recomendadas trocas periodicas de escovas, aumento na
concentragdo do desinfetante e métodos de inativacado alternativos como agua
aquecida. Deve-se levar em conta que concentracbes altas de cloreto de
benzalcbnio tem efeito espermicida, limitando sua aplicabilidade nas centrais de
inseminagao [48].

As contaminacbes das espatulas usadas para aplicar lubrificante nas
vaginas artificiais também estavam contaminadas. Considerando-se que sao
higienizadas sempre antes do uso no inicio do dia, os microrganismos
possivelmente se acumulam na superficie a partir no inicio do periodo de coleta.
A troca das espatulas foi efetiva para reduzir a contaminagao.

Na area limpa da Central, onde o sémen ¢é analisado e diluido, o ponto de
contaminagdo mais importante foi o diluente. Os diluentes em geral s&o ricos de
nutrientes e crioprotetores capazes de suprir as necessidades de crescimento de
muitos microrganismos. Desta forma, a adicdo de antimicrobianos com acgao
seletiva sobre células procaridticas nos diluentes é fator preponderante para
manter a qualidade dos espermatozoides [18]. O isolamento de microrganismos
do diluente sugere a existéncia de dois possiveis problemas: contaminagdo do
diluente com microrganismos resistentes ou perda da estabilidade quimica do

antimicrobiano. Penicilinas e aminoglicosideos, comumente utilizados nos
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diluentes, em geral perdem a estabilidade apés alteragcdes de pH e temperatura
[49,50]. A presenga de microrganismos resistentes em animais pecuarios € um
problema emergente de ordem mundial, e, de fato, espera-se que chegue as
Centrais de Inseminagao, assim como visto que estdo amplamente disseminados
nos sistema agroprodutivos [51,52]. A recomendacéao, contudo, foi a de monitorar
a resisténcia dos microrganismos isolados, determinando-se a Concentragao
Inibitéria Minima frente aos agentes antimicrobianos presentes no diluente, para
corrigir a concentragao ou alterar a composigao. Uma alternativa que pode ser
interessante é filtragem do diluente em membranas com poros de 0,22 ym de
diametro [53] antes da diluicdo, contudo, este processo ainda n&o foi validado
para diluentes espermaticos.

A contaminagdo dos circuitos das mangueiras de silicone que injetam o
sémen diluido nas paletas é preocupante, visto que estes materiais favorecem a
formacéo biofilmes bacterianos, mantendo a contaminagao presente nos circuitos
por longos periodos [54], dificultando, inclusive a agado de antimicrobianos. Tendo
em vista o baixo custo do material a recomendacédo foi a troca destes materiais
para reduzir a contaminacao do sémen.

O trabalho apresenta algumas limitagdes. A relagao entre a concentragéo de
microrganismos no sémen e a fertilidade de vacas inseminadas, ou as taxas de
sucessos em procedimentos com transferéncia e de embrido ou fertilizacdo in
vitro ndo puderam ser avaliados até o momento. Contudo, temos perspectivas de

analisar a relacao entre estes fatores em estudos futuros.

4. Conclusao

Os resultados deste estudo sugerem que as populagdes bacterianas
presentes no sémen bovino sdo moduladas por fatores fisiolégicos como a
microbiota natural, monta dos touros e que as contagens bacterianas do sémen,
por conseguinte, podem refletir na qualidade espermatica. A intensidade com que
as enzimas urease e fructase sao produzidas pelas bactérias pode interferir nos
parametros de qualidade espermatica. O monitoramento da contaminagado dos
equipamentos de coleta e congelamento de sémen é procedimento recomendavel

para garantir a qualidade sanitaria do sémen comercializado.
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ANEXO 1
Caracteristicas seminais desejais

Tabela 1. Caracteristicas do ejaculado de touros coletdos pela vagina artificial.

Caracteristicas Valores
Volume (Vagina Artificial) 5-8 mL

Cor branca ou amarelo-marfim
Odor "sui generis'
Movimento em massa 23
Motilidade espematica > 60%

Vigor 23
Concentragdo espermatica ~350x10° /mL
N¢ total espermatozdides / ejaculado 3-5x 10°
Espermatozéides morfologicamente normais >70%
Defeitos maiores <10%
Defeitos menores <20%
Defeitos individuais maiores <5%

Defeitos individuais menores <10%

Colégico Brasileiro de Reproducdo Animal. Manual para exame androldgico e
avaliacdo de sémen animal. 3.ed. Belo Horizonte: CBRA, 2013.
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Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's
sharing policy. Sharing your preprints e.g. on a preprint server will not count as prior
publication (see 'Multiple, redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Content should make no assumptions
about the beliefs or commitments of any reader; contain nothing which might imply that
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culture, sexual orientation, disability or health condition; and use inclusive language
throughout. Authors should ensure that writing is free from bias, stereotypes, slang,
reference to dominant culture and/or cultural assumptions. We advise to seek gender
neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever
possible to avoid using "he, she,” or "he/she." We recommend avoiding the use of
descriptors that refer to personal attributes such as age, gender, race, ethnicity, culture,
sexual orientation, disability or health condition unless they are relevant and valid. These
guidelines are meant as a point of reference to help identify appropriate language but are
by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization;
Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization;
Roles/Writing - original draft; Writing - review & editing. Authorship statements should be
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All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation
of data, (2) drafting the article or revising it critically for important intellectual content, (3)
final approval of the version to be submitted.

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of the
original submission. Any addition, deletion or rearrangement of author names in the
authorship list should be made only before the manuscript has been accepted and only if
approved by the journal Editor. To request such a change, the Editor must receive the
following from the corresponding author: (a) the reason for the change in author list and
(b) written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.
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rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript
has already been published in an online issue, any requests approved by the Editor will
result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
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Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted works
are included, the author(s) must obtain written permission from the copyright owners
and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
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For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party
reuse of gold open access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work.
More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; in
the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn"™ environment at
Researcher Academy offers several interactive modules, webinars, downloadable guides
and resources to guide you through the process of writing for research and going through
peer review. Feel free to use these free resources to improve your submission and
navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
Author Services.

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required
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‘grammar-check’ functions of your word processor.

Pages and lines should be numbered.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered

1.1 (then 1.1.1,1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use
this numbering also for internal cross-referencing: do not just refer to 'the text'. Any
subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated by
a reference. If quoting directly from a previously published method, use quotation marks
and also cite the source. Any modifications to existing methods should also be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations
and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and check that
all names are accurately spelled. You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
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affiliations with a lower- case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-mail address of each
author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication, also post-
publication. This responsibility includes answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date by the corresponding author.

e Present/permanent address. 1f an author has moved since the work described in the article was done, or was visiting at the
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of
bullet points that capture the novel results of your research as well as new methods that
were used during the study (if any). Please have a look at the examples here: example
Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose
of the research, the principal results and major conclusions. Since an abstract is often
presented separately from the article, it must be able to stand alone. For this reason,
references should generally be avoided, but if essential, they must be cited in full, without
reference to the reference list. Also, non- standard or uncommon abbreviations should be
avoided, but if their use is essential, they must be defined at their first mention in the
abstract itself. Abstracts must be limited to a single paragraph with no more than 2,500
keystrokes (characters plus spaces).

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of’). Be sparing with abbreviations: only abbreviations firmly established
in the field may be eligible. These keywords will be used for indexing purposes.

Collate acknowledgements in a separate section at the end of the article before the
references; therefore, do not include them on the title page, as a footnote to the title, etc..
List individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.), sources of financial support, and
donations of products and materials.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers
xxxXx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization
that provided the funding.

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of
units (Sl). If other quantities are mentioned, give their equivalent in Sl. You are urged to
consult IUB: Biochemical Nomenclature and Related Documents for further information.

Math formulae
Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a

horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Image manipulation
Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, this journal is applying the following
policy: no specific feature within an image may be enhanced, obscured, moved, removed,
or introduced. Adjustments of brightness, contrast, or color balance are acceptable if
and as long as they do not obscure or eliminate any information present in the original.
Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in the figure
legend.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look

similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

¢ Ensure that color images are accessible to all, including those with impaired colorvision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following formats
(note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):
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EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a
minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to
a minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-
tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low
number of pixels and limited set of colors;
e Supply files that are too low in resolution;
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or
JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. If,
together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or
not these illustrations are reproduced in color in the printed version. For
color reproduction in print, you will receive information regarding the costs
from Elsevier after receipt of your accepted article. Please indicate your
preference for color: in print or online only. Further information on the
preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the
figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Text graphics
Text graphics may be embedded in the text at the appropriate position. If you
are working with LaTeX and have such features embedded in the text, these
can be left. See further under Electronic artwork.

Please submit tables as editable text and not as images. Tables can be
placed either next to the relevant text in the article, or on separate page(s)
at the end. Number tables consecutively in accordance with their
appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do
not duplicate results described elsewhere in the article. Please avoid using
vertical rules and shading in table cells.

Citation in text
Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be
given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the
publication date with either ‘'Unpublished results' or 'Personal
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communication’'. Citation of a reference as 'in press' implies that the item has
been accepted for publication.

Web references
As a minimum, the full URL should be given and the date when the reference
was last accessed. Any further information, if known (DOI, author names,
dates, reference to a source publication, etc.), should also be given. Web
references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements:
author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset]
identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the
list (and any citations in the text) to other articles in the same Special Issue.

Reference management sofiware

Most Elsevier journals have their reference template available in many of the
most popular reference management software products. These include all
products that support Citation Style Language styles, such as Mendeley.
Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's
style. If no template is yet available for this journal, please follow the format
of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field
codes before submitting the electronic manuscript. More information on
how to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this
journal by clicking the following link:
http://open.mendeley.com/use-citation-style/theriogenology

When preparing your manuscript, you will then be able to select this style
using the Mendeley plug- ins for Microsoft Word or LibreOffice.

Reference style
Text: Indicate references by number(s) in square brackets in line with the
text. The actual authors can be referred to, but the reference number(s) must
always be given.
List: Number the references (hnumbers in square brackets) in the list in the
order in which they appear in the text.
Examples:
Reference to a journal publication:
[1] Vander Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://doi.org/10.1016/j.S¢.2010.00372.
Reference to a journal publication with an article number:

[2] Vander Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205
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Reference to a book:
[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:
[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304. Reference to a
website:
[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].
Reference to a dataset:
[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley
Data, v1; 2015. https://doi.org/10.17632/ xwj98nb39r.1.
Note shortened form for last page number. e.g., 51-9, and that for more than
6 authors the first 6 should be listed followed by ‘et al.' For further details
you are referred to 'Uniform Requirements for Manuscripts submitted to
Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Journal Abbreviation Source

Journal names should be abbreviated according to Index Medicus
journal abbreviations: http://www.nlm.nih.gov/tsd/serials/lji.html; List of
serial title word abbreviations: http://www.issn.org/2-22661-LTWA-
online.php; CAS (Chemical Abstracts Service): http://www.cas.org/sent.html

Elsevier accepts video material and animation sequences to support and
enhance your scientific research. Authors who have video or animation
files that they wish to submit with their article are strongly encouraged to
include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content
and noting in the body text where it should be placed. All submitted files
should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and
animation files supplied will be published online in the electronic version of
your article in Elsevier Web products, including ScienceDirect. Please
supply

'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard
icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of
the article that refer to this content.

Supplementary material such as applications, images and sound clips, can
be published with your article to enhance it. Submitted supplementary items
are published exactly as they are received (Excel or PowerPoint files will
appear as such online). Please submit your material together with the
article and supply a concise, descriptive caption for each supplementary file.
If you wish to make changes to supplementary material during any stage of
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the process, please make sure to provide an updated file. Do not annotate
any corrections on a previous version. Please switch off the 'Track
Changes' option in Microsoft Office files as these will appear in the
published version.

This journal encourages and enables you to share data that supports your
research publication where appropriate, and enables you to interlink the
data with your published articles. Research data refers to the results of
observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to
share your software, code, models, algorithms, protocols, methods and
other useful materials related to the project.

Below are a number of ways in which you can associate data with your
article or make a statement about the availability of your data when
submitting your manuscript. If you are sharing data in one of these ways, you
are encouraged to cite the data in your manuscript and reference list. Please
refer to the "References" section for more information about data citation. For
more information on depositing, sharing and using research data and other
relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can
link your article directly to the dataset. Elsevier collaborates with a number
of repositories to link articles on ScienceDirect with relevant repositories,
giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When
available, you can directly link your dataset to your article by providing the
relevant information in the submission system. For more information, visit
the database linking page.

For supported data repositories a repository banner will automatically
appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers
within the text of your manuscript, using the following format: Database:
xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research
data (including raw and processed data, video, code, software, algorithms,
protocols, and methods) associated with your manuscript in a free-to-use,
open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant
datasets directly to Mendeley Data. The datasets will be listed and directly
accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.
Data in Brief
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You have the option of converting any or all parts of your supplementary or
additional raw data into a data article published in Data in Brief. A data
article is a new kind of article that ensures that your data are actively
reviewed, curated, formatted, indexed, given a DOl and made publicly
available to all upon publication (watch this video describing the benefits
of publishing your data in Data in Brief). You are encouraged to submit your
data article for Data in Brief as an additional item directly alongside the
revised version of your manuscript. If your research article is accepted, your
data article will automatically be transferred over to Data in Brief where it
will be editorially reviewed, published

open access and linked to your research article on ScienceDirect. Please
note an open access fee is payable for publication in Data in Brief. Full
details can be found on the Data in Brief website. Please use this template
to write your Data in Brief data article.

Data statement

To foster transparency, we encourage you to state the availability of your
data in your submission. This may be a requirement of your funding body
or institution. If your data is unavailable to access or unsuitable to post,
you will have the opportunity to indicate why during the submission
process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect. For
more information, visit the Data Statement page.

Please use the following words, phrases, abbreviations, and stylistic
conventions
¢ Avoid the word "injected," (e.g., "Cows were injected with cloprostenol") but include the generic name,
proprietary name, dosage and route of administration (e.g., "Cows were treated with cloprostenol
[Estrumate 500 pg im]").
e Either cite a P value (recommended for Abstract and for Results) or use the term 'significant'
(recommended for Discussion), but generally avoid doing both.
e Terms with a specific statistical meaning (i.e. significant, tended and correlated), should only be used in
a strict statistical context.
e Numbers less than 10 are written as a word, unless followed by an abbreviation for unit of measure,
e.g. five embryos, 5 min
Use the following expressions
e transrectal palpation, not rectal palpation
nucleus transfer, not nuclear transplant
estrus (noun) synchronization, but, estrous (adjective) behavior
sperm can be used as both noun and adjective
120 to 125, not 120-125
treatment by period, not treatment X period
gravity: 100 X g (in lieu of speed for centrifugation)
magnification: X 100
e identification number of an animal: No. 10, but 30 animals: n =30
e 3 d, Day 3 (define Day 0)
Standard definitions
e oogonium: female gamete before meiosis
e oocyte, primary: female gamete from onset of the first maturation division (meiosis) to extrusion of the
first polar body
¢ oocyte secondary: female gamete from onset of second meiosis to extrusion of the second polar body
e ovum: female gamete from the end of both meiotic divisions until the union of the male and female
pronuclei (differs from the common use of ovum as a general term for any femalegamete)
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e germinal vesicle: nucleus of the ovum

e zygote: a fertilized ovum, from fusion of the male and female gamete to completion of first cleavage

e embryo: a conceptus from the 2-cell stage to the stage when cell migration and differentiation are largely
complete

e fetus: a conceptus after organogenesis is mostly complete (primarily increasing insize)

e conceptus: an embryo or fetus with all its membranes and accessory structures

e abortion: expulsion of a conceptus incapable of independent life

e premature parturition: expulsion (before full term) of a conceptus capable of independent life

o stillbirth: avoid this term (use fetal death or abortion)

Abbreviations
Never use an abbreviation to start a sentence. Some abbreviations may be
used anywhere else, including the manuscript's title and in figures, table
titles and legends, without definition; others may not be used in the title, but
may be used in the text without definition. In general, abbreviations must be
defined when used for the first time (this may be avoided in the ABSTRACT
if necessary to conserve space). To make reading the paper more pleasant,
avoid using excessive abbreviations and acronyms; instead use short
synonyms, for instance: for "Cesarean section"” instead of "CS" use
"section" or "hysterotomy."
The following abbreviations may be used in the text without definition (note
that abbreviations exclude periods):
theriochart.jpgchart

Units of Measure
cpm - counts per min
dpm -
disintegration
S per ming -
gram
ga - gauge of
hypodermic
needle h - hour
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Statistical
expressions
ANOVA -
analysis of
variance CV -
coefficient of
variation df -
degrees of
freedom

F -
vari
anc
e
ratio
NS -
not
sign
ifica
nt P

prob

abili

ty

SD - standard deviation

SEM - standard

error of the mean

r - correlation

coefficient

r? - coefficient of regression
Additional information

e For issues of style and format not addressed here, please consult Scientific Style and Format: The CBE
Manual for Authors, Editors, and Publishers, Sixth Edition.
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e For spelling, word formation and divisions, plurals, possessives, meanings and usage, consult the CBE
Manual or a current English language (collegiate-level or higher) dictionary.

e For conflicts between instructions in this Guide and any of the references, the Guide takes precedence.
Do not hesitate to contact the Editorial Office if you have any questions regarding preparation of your
manuscript.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to
provide us with their proof corrections within two days. Corresponding
authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based
proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of
errors.
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