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EPIGRAFE

“Depois de algum tempo vocé aprende (...), e comeca a aceitar suas derrotas com a cabeca
erguida e olhos adiante, com a graca de um adulto e ndo com a tristeza de uma crianca, (...)
descobre que se leva muito tempo para se tornar a pessoa que quer ser, e que o tempo é
curto. (...) Aprende que ndo importa onde j& chegou, mas onde esta indo,
mas se vocé ndo sabe para onde esté indo,
qualquer lugar serve. (...) Aprende que herdis sdo pessoas que fizeram o0 que era necessario

fazer, enfrentando as consequéncias. ”

Um dia vocé aprende - Willian Shakespeare

“E impossivel um homem aprender aquilo que ele acha que sabe.”

Epictetus
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RESUMO GERAL

Esta tese contém dados de 3 estudos desenvolvidos durante o periodo de doutorado. O estudo
1 reporta os avancos dentro da producdo de bovinos em confinamento, trazendo as atualizagdes
de manejo e nutricdo empregados por nutricionistas que atendem os confinamentos que foram
alcancados por nossa pesquisa por meio de questionario e que aceitaram participar no periodo
de dezembro de 2019 a janeiro de 2020. No estudo 2 realizado de junho a outubro de 2019 com
27 animais Nelore ndo castrados, e avaliou a variagdo na comunidade microbiana dos animais
classificados em grupos de baixo, médio e alto consumo alimentar residual (CAR), além de
variaveis de desempenho. No estudo 3 foi avaliado o efeito da elevagdo no nivel energético das
dietas seja pelo aumento da extensédo de processamento do milho (Milho moido fino vs. Silagem
de Grdo Umido), associados a inclusdo de sais célcicos de acidos graxos (SCAG) ou aliados ao
uso de zinco e cromo organicos. O estudo foi realizado de julho a outubro de 2020, em que
estes protocolos nutricionais foram avaliados em animais Nelore n&o castrados separados pelas
DEP’s para o marmoreio em alto ¢ baixo, foram avaliados os efeitos dos protocolos e da DEP
sobre o desempenho, morfometria ruminal e as caracteristicas de carcaca e comportamento
ingestivo. Os resultados (Estudo 1) mostraram que os confinamentos brasileiros tém
incrementado tecnologias para 0 manejo, como pudemos notar pela maior incluséo de gréos as
dietas, melhora no volumoso utilizado, elevagdo nos niveis de concentrado, isso em decorréncia
do melhor controle da producdo, pelo manejo e controle na distribui¢do das dietas e no controle
da efetividade da dieta pelo uso do FDNfe. O estudo 2 mostrou que diferencas no CAR néo
foram atribuidas a diferencas na comunidade microbiana. Por fim no estudo 3 o processamento
do milho na forma de silagem melhorou o desempenho dos animais, da mesma forma como a
inclusdo de SCAG. Houve interagdes entre o tratamento ¢ as DEP’s, mostrando que animais de
alta DEP para marmoreio necessitem de menores incrementos em niveis energéticos para
melhorar a sua deposicdo de gordura subcutanea, enquanto que animais de baixa DEP para

marmoreio necessitem de maiores niveis energéticos para isso.

Palavras-chave: Confinamento, Eficiéncia, Energia, Marmoreio, Nelore.



ABSTRACT

This thesis contains data from 3 studies developed during the doctoral period. Study 1 reports the
advances in cattle production in feedlots, bringing the management and nutrition updates employed by
nutritionists who attend the feedlots that were reached by our research through a questionnaire and who
agreed to participate in the period from December 2019 to January de 2020. Study 2 carried out from
June to October 2019 with 27 Nelore bulls animals evaluated the variation in the microbial community
of animals classified into groups of the low, medium, and high residual feed intake (RFI), in addition to
performance variables. In study 3, the effect of increasing the energy level of the diets was evaluated
either by increasing the extent of corn processing (fine ground corn vs. Moist Grain Silage), associated
with the inclusion of calcium salts of fatty acids (SCAG) or combined with the use of organic zinc and
chromium. The study was carried out from July to October 2020, in which these nutritional protocols
were evaluated in Nelore bulls animals separated by DEPs for high and low marbling, the effects of
protocols and DEP on performance, ruminal morphometry and carcass traits, and ingestive behavior.
The results (Study 1) showed that Brazilian feedlots have increased technologies for management, as
we could see by the greater inclusion of grains in the diets, improvement in forage used, and increase in
concentration levels, this is a result of better control of production, through management and control in
the distribution of diets and in the control of the effectiveness of the diet through the use of FDNfe.
Study 2 showed that differences in CAR were not attributed to differences in the microbial community.
Finally, in study 3, the processing of corn as silage improved the performance of the animals, in the
same way as the inclusion of SCAG. There were interactions between treatment and DEPs, showing
that animals with high DEP for marbling need smaller increments in energy levels to improve their
subcutaneous fat deposition, while animals with low DEP for marbling need higher energy levels for
this.

Keywords: Feedlot, Efficiency, Energy, Marbling, Nellore.
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1 Introducédo

A industria de gado de corte no Brasil € caracterizada por animais terminados em pastagem,
de modo que apenas 15,62% do abate total no pais sdo de animais provenientes de sistema de
confinamento (ABIEC 2021), embora este nimero ainda seja pequeno, tem apresentado um
elevado crescimento nos ultimos anos, bem como uma evolugdo quanto as técnicas de manejo
adotadas. Um exemplo das mudancas no mercado é apresentado nas pesquisas com
nutricionistas de confinamento, realizadas para descrever praticas nutricionais e de manejo
adotadas nos confinamentos nos EUA (Galyean, 1996; Galyean e Gleghorn, 2001; Vasconcelos
e Galyean, 2007; Samuelson et al. 2016), e no Brasil (Millen et al. 2009; Oliveira e Millen
2014; Pinto e Millen 2019; Silvestre e Millen 2021). Estas pesquisas séo de estrema importancia
paratracar a evolucdo das técnicas empregadas pelos nutricionistas, bem como um comparativo

entre 0 manejo norte americano com o do Brasil.

Embora muito do manejo utilizado nos confinamentos brasileiros tenham sido importadas
dos EUA, precisaram ser adaptadas uma vez que, o padrao racial dos animais criados no Brasil
difere dos norte-americanos. Porém os principais programas para formulacéo de dietas tém por
base na composicao de suas equacdes de predi¢do, bem como exigéncias nutricionais, animais
Bos taurus, de modo que, informag6es eram limitadas sobre as exigéncias nutricionais dos
bovinos Bos indicus (Chizzotti et al., 2008). Desse modo Valadares Filho et al. (2006; 2016)

avaliaram as exigéncias e desenvolveram modelos utilizando dados nacionais.

Grande parte dos animais terminados em confinamentos no Brasil ndo sdo castrados
buscando melhorar a eficiéncia (Owens et al. 1993). A procura por melhores eficiéncias dos
animais tém sido almejadas pela industria de confinamento, ja que os custos de producao tém
cada vez mais impacto sobre a lucratividade da atividade. Dessa forma muitos trabalhos tem
avaliado a eficiéncia relacionada ao aproveitamento dos nutrientes da dieta pelo animal
(Nascimento et al. 2015; Pereira et al. 2016), como também fatores fisicos da dieta que

melhorem o aproveitamento dos nutrientes.

O consumo alimentar residual (CAR) € uma das métricas utilizada para avaliar a eficiéncia
dos animais, proposto por Koch et al. (1963), é calculado como a diferenca entre a ingestao
observada (de matéria seca ou energia) e o consumo esperado de alimentos, estimado por

regressdo no peso vivo metabdlico e no ganho de peso. Porém, selecdo para CAR, apresenta
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alguns inconvenientes a lucratividade da industria de carne bovina, pois pode afetar a qualidade
da carcaca (Nkrumah et al. 2007; Moraes et al. 2017).

Entretanto, a reducdo na deposicdo de gordura na carcaca dos animais pode acarretar
problemas na inddstria e no varejo (Shook et al. 2008). A industria se preocupa com a camada
minima de gordura subcutanea na carcaca para o processo de resfriamento no estabelecimento
do Rigor mortis, para que esse processo ndo seja acelerado. Porém o varejo tem buscado cada
vez mais caracteristicas mais especificas na carne, o que tem pressionado a industria a se
esforcarem na padronizacao de seus cortes. Pesquisas foram desenvolvidas ao longo dos anos
em alguns estados dos Estados Unidos, para auditar as principais preocupacgoes de qualidade
para os varejistas, além de ser uma importante ferramenta para elaborar metas e objetivos para
melhorar a qualidade, consisténcia e valor da carne bovina (Smith et al., 1992, 1995). Na tltima
auditoria realizada por Boykin et al. (2017) observou-se um aumento no percentual de carcacas
com classificacdo USDA Prime e Choice, bem como a frequéncia de USDA yield grada (YG)
4 e 5. Esses resultados indicam segundo os autores, que embora a inddstria esteja melhorando
a qualidade da carne produzida, ha também um aumento no peso e na gordura. Para garantir a
uniformidade para o mercado de cortes, parece essencial a comunicacao entre o produtor, a
indUstria e o varejo, jA que muitos dos quesitos referentes a qualidade das carcagas s&o
caracteristicas que podem ser manipuladas através do manejo nutricional dos animais, de moda

a alterar o local de deposito, seja ele de musculo ou gordura na carcaca.

2 Revisdo de Literatura
2.1. Avangos no confinamento de bovinos no Brasil

A pesquisa com gerentes e consultores de confinamento tem sido uma ferramenta para
atualizar as técnicas empregadas no campo pelos profissionais, como também estabelecer um
paralelo com as pesquisas que sdo desenvolvidas nos centros de pesquisa e universidades.
Estas pesquisas sejam elas desenvolvidas no Brasil (Millen et al., 2009; Oliveira e Millen
2014; Pinto e Millen 2019; Silvestre e Millen 2021) ou as feitas nos Estados Unidos
Vasconcelos e Galyean, 2007; Samuelson et al., 2016) trazem um cenério da evolucdo das
técnicas ao longo dos anos dentro do setor, sendo recursos Uteis tanto para a indUstria quanto
para as comunidades cientificas, fornecendo parametros de referéncia para procedimentos

operacionais padréo usados na industria de terminacao de bovinos.
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Dentro do cenério atual levantado por Silvestre e Millen (2021) foi constatado que o
peso de abate dos animais nas industrias frigorificas tem aumentado durante os anos, saindo
de um peso de 500,7kg em 2009 (Millen et al., 2009) para 555,8kg em 2019, sem que 0 peso
inicial alterasse. Fato este que pode estar relacionado ao maior custo de aquisi¢do da
reposic¢éo, levando os confinadores a explorarem melhor a carcaca dos animais, o que leva 0s

animais a ficarem mais dias no cocho (Silvestre e Millen, 2021).

Além disso os niveis de inclusdo de grdos nas dietas tém aumentado, onde em 2009
42% dos confinamentos adotavam inclusdes abaixo de 51% de gréos (Millen et al.m 2009),
atualmente apenas 11,6% trabalham abaixo deste nivel (Silvestre e Millen, 2021). Somando-
se a isso melhorou-se também a extensdo de processamento do milho utilizado nas dietas, em
que, a maioria dos nutricionistas processam o milho como finamente moido (44,4%), fazem
silagem do grdo Umido (13,9%) ou reconstituem (2,8%), o que soma um total de 61,1% dos
confinadores utilizando processamento que melhoram o aproveitamento do amido (Owens e

Goetsch, 1986a) e consequentemente os niveis energéticos das dietas (Owens et al., 1986b).

Juntamente com a maior incluséo de concentrado as dietas, aliado a melhor extensao
no processamento dos graos, a qualidade nutricional do ingrediente volumoso utilizado nas
dietas também melhorou, em que, 2009 a principal fonte era cana picada, atualmente a
silagem de milho é a fonte utilizada por 69,4% dos nutricionistas (Silvestre e Millen, 2021).
Isso foi possivel em virtude da melhoria no manejo dentro das atividades, como pode ser visto
pelos dados de controle de fibra das dietas que em 2009 empregava-se apenas os valores de
fibra em detergente neutro (FDN; 72,2%) e na Ultima pesquisa 80,6% dos nutricionistas
adotaram o FDN fisicamente efetivo (FDNfe) que fornece uma seguridade melhor para satude
ruminal dos animais, da mesma forma o controle da mistura e distribuicdo da dieta pela
utilizagdo de vagdo misturador e distribuidor melhorou a qualidade da mistura entregue aos
animais. O conjunto dos resultados mostrado por estas pesquisas mostram que 0 manejo
dentro das praticas de confinamento no Brasil tem passado por muitos avan¢os por meio do

emprego de tecnologias junto ao sistema produtivo.

2.2. Desenvolvimento tecidual e crescimento

Segundo Owens et al. (1993) o crescimento liquido € a diferenca entre sintese e
degradacéo do tecido corporal, sendo que a maior parte dos mamiferos nasce com quase todo o

seu complemento de fibras musculares esqueléticas. A hiperplasia muscular ocorre
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principalmente no pré-natal (Allen et al., 1979), e o nimero de fibras musculares aumenta
apenas ligeiramente apds o parto (Bergen e Merkel, 1991). O crescimento pds-natal da massa
muscular ocorre atraves da hipertrofia e através da replicacao e incorporacdo de células satélites
(Goldspink, 1962, 1968, 1991) Inameros fatores foram elucidados que regulam o nimero de

fibras musculares e de nucleos (Goldspink, 1991).

2.2.1. Desenvolvimento miogénico

O desenvolvimento da deposicao dos tecidos que compde o0 corpo dos animais apresenta
intensidade de deposicdo variaveis ao longo da vida dos animais. Hammond (1932) e
McMeekan (1940) caracterizaram pela primeira vez a ordenacgdo desta deposi¢cdo como sendo
a estrutura dssea a primeira a ser desenvolvida seguida pela musculatura e por fim o tecido

adiposo.

O tecido muscular que tem sua formac&o fibrilar na fase pré-natal, apresenta grande
impacto sobre a crescimentos dos animais nas fases de criacdo (Dauncey e Harrison, 1996), ja
que, apbs 0 nascimento ndo ha mais hiperplasia muscular. O processo de miogénese pode ser
dividido em duas fases, sendo que a fase primaria compreende a fase embrionaria da gestacéo,
em que sdo formados os modelos para a miogénese na fase secundario, esta compreende cerca
de meados da gestacdo até o final (Bonnet et al., 2010). E na fase secundaria que os miogénicos
sdo fundidos e as fibras musculares sdo formadas ainda a fase fetal por volta de meados da
gestacdo (Zhu et al., 2004). Porém por a proliferacdo de células precursoras miogénicas serem
altamente sensiveis a nutrientes e regulacdo enddcrina, a nutricdo materna e a condicao
fisioldgica afetam a proliferacdo e abundéancia de células miogénicas e subsequente formacéo
de fibras musculares (Zhu et al., 2004, 2008; Tong et al., 2009; Yan et al., 2010), sendo a

miostatina um importante regulador da proliferacdo de celulas miogénicas.

Passado o desenvolvimento gestacional do individuo, a fase pds-natal esta totalmente a
depender do desenvolvimento da fase pré-natal, uma vez que, aqui o0 crescimento muscular
ocorre por hipertrofia muscular (Brameld et al., 2000), se baseia em celulas satélites
musculares, que ddo origem a maioria dos nucleos das fibras musculares adultas (Allen et al.,
1979). Estas células satélites sdo originarias do miétomo embrionario, e tanto elas como aas
células progenitoras multipotentes e os pericitos, sdo capazes de se diferenciarem em células
miogénicas, o que pode contribuir para o crescimento e regeneracdo do tecido muscular pos-
natal (Dellavalle et al., 2011).
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2.2.2. Desenvolvimento adipogénico

Assim como o desenvolvimento muscular, os adipdcitos tem seu desenvolvimento
inicial ainda na fase fetal, mais precisamente na primeira metade da gestacdo (Bonnet et al.,
2010). A maioria das células adiposas sao recrutadas durante a fase fetal e inicio da fase pds-
natal dos animais (Du et al., 2010b), sendo que o numero total de adipdcitos é estabelecido ao
atingir a adolescéncia, isso principalmente pelo fato de que a medida em que os animais
envelhecem o nimero de células progenitoras com capacidade para diferenciarem em células
adipdcitos vai diminuindo com a idade dos animais (Du et al., 2010c), de modo que, em animais
mais velhos o crescimento do tecido adiposo se deve principalmente por hipertrofia celular
(Cianzio et al., 1985).

Entretanto ha diferenca cronoldgica na deposicdo adiposa entre os 4 depdsitos de
gordura no animal. Andrews (1958) quantificaram a ordem de deposicéo de diferentes depositos
de gordura para estar na seguinte ordem: visceral, intermuscular, subcutanea e intramuscular.
A formacéo de adip6citos no depdsito visceral ocorre durante o estagio fetal médio até o estagio
pos-natal inicial (Robelin, 1981); a formagdo de adipdcitos subcutaneos ocorre um pouco mais
tarde, entre o estagio fetal médio e o tardio e o estagio inicial do desmame (Hood e Allen, 1973).

A formagdo de adipdcitos intramusculares ocorre principalmente durante a fase fetal-
neonatal tardia até cerca de 250 d de idade em bovinos de corte. Esta nocao é apoiada por varios
estudos anteriores com bovinos de corte que identificam este intervalo do nascimento até cerca
de 250 dias como a “janela marmoreio” (Wertz et al., 2002; Pyatt et al., 2005 a, b; Corah e
McCully, 2007), sendo onde ocorre hiperplasia das células adiposas pela diferenciacdo celular.
Essa fase de diferenciacdo celular apresenta um alto impacto sobre as fases posteriores,
principalmente na terminacdo dos animais, que é quando estas células adiposas irdo acumular
lipideos. Nayananjalie et al. (2015a) avaliaram o efeito do desmame precoce seguido de uma
alimentacdo com alto gréo, sobre os parametros de carcaga posteriormente no confinamento, e
relataram que 0s animais que tiveram acesso aos graos apresentaram um maior ganho de peso
diario e escores de marmoreio. Isso provavelmente pela sinaliza¢éo celular no musculo, o que
mediou 0 aumento das taxas de ganho de carcaca durante esse periodo pos desmame
(Nayananjalie, et al., 2015b). Resultados estes que concordam com Scheffler et al. (2014) que
apos o desmame precoce submeteram os animais a dietas de alto concentrado por 148 dias, e
relataram que 0s animais também apresentaram maiores ganhos, escores de marmoreio e peso

de carcaca quente.
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Esta sinalizacéo via dieta impressa nos animais ainda na fase jovem, pode aumentar a
proliferacdo de pré-adipocitos, de forma a estabelecer uma maior populagdo (Gorocica-Buenfil
et al., 2007), que na fase de confinamento sdo amadurecidos. Também ha um aumento na
populacdo de células-tronco mesenquimais que podem se comprometer-se para o destino
adipogénico (Tang e Lane, 2012; Uezumi et al., 2010). Como também, os animais podem ser
programados metabolicamente para responder de forma mais agressiva aos sinais hormonais ou
serem mais eficientes na extracdo de precursores e na conversdo de gordura (Long et al., 2012;
Volpato et al., 2012).

Em um evento de “imprinting metabolico”, e/ou na préopria fase adulta pode haver
competicdo na diferenciacdo entre adipdcitos e fibroblastos intramusculares foi bastante
documentado, pelo fato de compartilharem células ancestrais comuns imediatas, denominadas
células progenitoras mesenquimais (Uezumi et al., 2011). Essas células estdo localizadas
principalmente na fracdo estromal-vascular do musculo esquelético e sdo distintas das células
satélites (Joe et al., 2010).

Essa competicdo entre estas duas classes celulares levam a pesquisas na tentativa de
direcionar a migracdo celular a partir de sinalizacdo nutricional (Zhu et al., 2006), o que
direcionou varias pesquisas na area de programacao fetal (Drake e Walker, 2004), no intuito de
explicar desde o inicio do desenvolvimento embrionario estes processos de diferenciacédo
celular. Estudos com um modelo de ovelhas indicaram que tanto a subnutricdo quanto a
supernutricdo materna afetavam o desenvolvimento do musculo esquelético e a adipogénese
intramuscular (Stannard e Johnson, 2004; Quigley et al., 2005; Tong et al., 2008, 2009; Zhu et
al., 2008; Yan et al., 2010) e ter consequéncias fisioldgicas irreversivelmente negativas de longa
duracdo para os filhos. Este fendmeno foi provado em cordeiros subnutridos no Utero (Zhu et
al., 2006), porcos (Dwyer et al., 1994) e porquinhos da india (Ward e Stickland, 1991).

2.3. Caracteristicas fenotipicas dos animais e sele¢do genética

Embora fatores externos ao animal atuem simultaneamente no controle das
caracteristicas fenotipicas dos animais, 0s parametros genéticos sdo quem originalmentes
possibilitam a expressdo de dada caracteristica aos animais, sendo, portanto, o fator de maior
impacto nas caracteristicas produtivas dos animais. A caracteristicas de carcaga, o desempenho
dos animais, a eficiéncia produtiva, todos estes sdo pontos considerados nos programas de

melhoramento genético dos animais (Martinez-Velazquez et al., 2003; Crews e Kemp, 2002).
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A selecdo genética para touros reprodutores parece se difundir mais pelo sistema de
criacdo, em virtude do ganho genético agregado ao rebanho ser mais répido. Além do mais,
muitas relacbes foram estabelecidas entre as caracteristicas de carcaca e parametros
reprodutivos (McAllister et al. 2011; Terakado et al. 2015; Boldt et al. 2018), e muitas destas
avaliacdes de reprodutores sdo expostas nos seus respectivos catalogos, através das diferengas
esperadas na progénie (DEPS) para caracteristicas de carcaca, assim como indices reprodutivos,
ficando disponiveis para produtores para o auxilio na tomada de decisdo para as agregacoes

genéticas a seus rebanhos.

Um dos pontos que muito tem-se destacado atualmente esta ligado a qualidade da carne,
em que o0 marmoreio tem sido bastante considerado nas caracteristicas impressas nos rebanhos,
uma vez que, a gordura intramuscular (marmoreio) € o principal fator usado como indicador de
notas de qualidade nos EUA (Bergfeld et al. 1995). Entretanto, a selecdo genética para
caracteristicas de marmoreio tem demostrado impactos sobre a precocidade dos animais (Smith
e Greiner 2013), pois esta selecdo influéncia nas taxas e no periodo de deposi¢édo tecidual dos
animais (Tatum et al. 1988; Owens et al. 1993) manipulando o ganho de peso e eficiéncia dos
animais. Bovinos que tém pontuagdes mais altas de marmoreio aumentam a gordura
intramuscular em idades mais precoces do que aqueles com pontuac¢des mais baixas (Bergfeld
et al. 1995).

A deposicdo de gordura tende a comecar lentamente em pesos leves e aumenta
geometricamente quando o crescimento muscular diminui a medida que o animal se aproxima
da maturidade fisiologica. Assim, a sele¢do de caracteristicas de crescimento e/ou carcacga pode
incorrer em efeitos adicionais, como uma idade mais jovem na puberdade. Nephawe et al.
(2004) relataram correlacGes genéticas negativas entre medidas de peso maduro em vacas e
suas pontuacOes de marmoreio da progénie para bovinos envolvidos nos primeiros quatro ciclos
do Programa de Avaliacdo de Germoplasma no Centro de Pesquisa de Animais de Carne dos
EUA. Hopper et al. (1993), estudaram o efeito do ganho de peso corporal pré-pubere e da raga
na composicgao da carcaga e na puberdade de novilhas Angus e Santa Gertrudis, e relataram que
0 peso corporal e a altura foram maiores nas novilhas Santa Gertrudis do que nas Angus na
puberdade. As novilhas Angus depositaram a maior quantidade de gordura na garupa antes da
puberdade e apresentaram mais gordura subcutanea dissecavel do que as novilhas Santa
Gertrudis. Johnston et al. (2009) procuraram estimar as relacdes genéticas entre caracteristicas

de puberdade de novilhas na Austrélia, relacionando a caracteristicas de producéo, incluindo
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peso vivo e composicao corporal, consumo de racdo e caracteristicas de carcaca e qualidade da
carne, em seus resultados indicaram que a reducéo na taxa de crescimento retardam a idade a
puberdade, ao avaliarem a idade ao primeiro corpo luteo estabeleceram correlacdes negativas

com a pontuacao de marmoreio e positiva com a espessura de gordura na picanha.

As caracteristicas de carcaca também tém sido relacionadas a mensuragoes de eficiéncia
dos animais. A ingestdo de racdo residual, calculado pela diferenca entre a ingestéo de racao
observada e prevista, fornece uma estimativa relativa de eficiéncia apds ajustar um animal
dentro de uma populacdo a um peso corporal, ganho médio didrio e composicdo corporal
semelhantes aos seus contemporaneos. Neta mensuracao, um valor mais baixo ou mais negativo
para 0 consumo residual de racdo é desejavel, indicando que um animal consumiu uma
quantidade relativamente menor de ragdo para atingir um ganho médio diario semelhante em
comparagdo média de seus contemporaneos. Varios pesquisadores tentaram identificar
possiveis relacdes entre o consumo residual de racdo e as caracteristicas da carcacga. Schenkel
et al. (2004) ndo relataram nenhuma correlacdo genética entre o consumo de racgdo residual e 0
percentual de gordura intramuscular previsto por ultrassom. Ap6s classificar os novilhos Angus
como alto, médio ou baixo para consumo alimentar residual, Baker et al. (2006) também néo
relataram nenhum efeito do consumo de racdo residual no escore de marmoreio da carcagca,
porém, Nkrumah et al. (2007) relataram uma correlacdo fenotipica positiva entre a pontuacao
de marmoreio da carcaca e as medidas fenotipicas (0,17) e genéticas (0,14) do consumo
alimentar residual de novilhos mesticos filhos de touros Angus, Charolés e Alberta Hybrid. No
entanto, ndo houve relacdo entre o escore de marmoreio previsto por ultrassom e 0 CAR no

mesmo estudo.

2.4. Incluséo e Processamento do milho nas dietas

A produgdo de bovinos em confinamento tem buscado cada vez mais o adensamento
energético das dietas (Krehbiel et al., 2006), principalmente pela maior incluséo de concentrado
nas dietas. No Brasil o milho é o principal componente energético da dieta (Pinto e Millen,
2018), porém, a maior parte dos hibridos cultivado no pais (Cerca de 78%) apresenta
endosperma vitreo (Cruz et al., 2012). Caracteristica esta conferida pela presenca de proteinas
zeinas que sdo hidrofobicas, representando aproximadamente 50 a 60% das proteinas que
compde a matriz proteica do milho (Hamaker et al., 1995). Estas proteinas séo classificadas

como prolaminas, sendo distribuidas em 4 subclasses denominadas de a, B, v € 8, e a medida
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que estas proteinas se desenvolvem, as ligagdes cruzadas B ¢ y-zeinas ¢ o e 6-zeinas penetram
em sua rede, encapsulando o amido em uma matriz proteica hidrofébica (Mu-Forster e
Wasserman, 1998; Buchanan et al., 2000). Isso faz com que os hibridos de endosperma duro

sejam menos digestiveis que os de endosperma mole (Correa et al., 2002).

Sabendo-se desta caracteristica dos hibridos duros, e para melhorar a digestibilidade do
amido dentro do trato gastrointestinal dos bovinos, a grande parte dos confinamentos procura
processarem melhor este gréo, quebrando-o em particulas menores (Millen et al., 2009; Oliveira
e Millen 2014; Pinto e Millen 2018) em busca de aumentar a superficie de contado deste pela
microbiota ruminal, aumentando sua degradacdo no rimen (Owens, et al., 1986), ou através do
processo de ensilagem do grdo em umidade mais elevada (65 a 72% de MS), processo este
caracterizado pela presenca de &cido lactico e acético (Lawton, 2002), juntamente com
liberacdo de proteases liberadas no processo de fermentagdo no silo, o que culmina na
degradacéo das ligacdes entre as zeinas (Philippeau e Michalet-Doreau 1998), fazendo com que

os granulos de amido se solubilizem.

Para comprovar este aumento na disponibilidade do amido, Jurjanz e Monteils (2005)
avaliando o milho ensilado ou néo, relataram que a degradabilidade ruminal do amido foi maior
para o grao de milho ensilado (92,3%) em comparacao com o grao nao ensilado (70,2%), além
do que, o processo de ensilagem aumentou a fracdo de amido rapidamente degradavel (80,7 vs.

65,6), e consequentemente a taxa de degradacéao (12,4 vs. 8,0%/h). Comprovando

Caetano et al., (2019) trabalhando com dois métodos de processamento para 0 milho em
Nelore, relataram uma eficiéncia no ganho de carcaca 13% maior em animais consumindo
silagem de grdo umido em comparacdo ao grdo seco finamente moido, bem como, com a
elevacdo nos niveis de amido aumentaram linearmente a eficiéncia. Estes autores tambem
descrevem que o peso do figado e do rimen dos animais ingerindo grdo imido foram maiores.
Embora ndo se tenha uma explicacdo precisa sobre a massa do figado, Bahirwwani e Reddy
(2008) relatam que sua massa pode ser afetada pela densidade de substrato e fluxo sanguineos
que chega até o figado, em virtude da sua maior atividade. Lozano et al., (2000) mostraram que
com a diminuigdo da espessura do floco de sorgo floculado resultou em maior liberagdo de

glicose hepética para a circulacao, devido a maior digestibilidade deste ingrediente.

Portanto a maior disponibilidade de glicose para a circulagdo nos ruminantes é

impulsionada pela ingestdo de energia metabolizavel (EM), que eleva as taxas de
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gliconeogénese (Lindsay, 1970). Dessa forma, a otimizagéo da fermentac&o ruminal do amido,
com a priorizagao da via para producao do propionato, parece ser uma estratégia para produzir
precursores da gliconeogénese (Pethick et al., 2004), j& que quando o amido foi protegido da
fermentacao ruminal, ndo foi aumentada a deposi¢édo de gordura intramuscular (Gilbert et al.,
2000), j& que a glicose tem sido reportado como o principal aporte de C para a lipogénese nos
adipdcitos intramusculares (Smith e Crouse, 1984).

2.5. Estratégias dietéticas para elevacdo no nivel energético

Dietas ricas em carboidratos de alta fermentagdo, como € o caso do amido e sua maior
extencdo no processamento como mencionado no topico acima, resulta em aumentos nos
indices de disturbios metabdlicos e lesdes epiteliais no trato gastrointestinal dos ruminantes
(Nagaraja e Titgemeyer 2007). Associado a isto, considerando que a maior parte dos animais
terminados em confinamento no Brasil sdo zebuinos (Silvestre e Millen 2021), e segundo Elam
(1976) apresentam maior frequéncia para desenvolverem disturbios nutricionais se comparado

a ragas europeias.

Diante disso, estratégias adotadas pelos nutricionistas para reduzir o incremento calorico
ruminal, é a substituicdo de parte dos carboidratos por lipideos. Estes ingredientes sdo 2,25
vezes mais energéticos que os carboidratos, e sua fonte pode ser provenientes de subprodutos
da inddstria, estratégia esta que pode reduzir os custos de producdo. Melhorias no desempenho
foram encontradas quando a gordura foi adicionada a dietas de terminacéo a base de milho em
niveis de suplementacdo de até 8% da matéria seca (MS) da dieta, sem efeitos negativos no
consumo e na eficiéncia alimentar (Zinn, 1989a; Krehbiel et al. 1995). Trabalhando com carogo
de algoddo e 6leo de soja Gouéa et al. (2020), ndo encontraram diferenca positivas no aumento
do teor de gordura nas dietas, de 3,2 para 7,8% com uso de 6leo de soja no desempenho de
crescimento e nas caracteristicas gerais da carne de touros em terminagdo. Com 0 mesmo teor
de lipidios, dietas contendo caroco de algoddo integral reduziram o desempenho de crescimento
de forma maior do que dietas contendo 6leo de soja. Estes valores estdo dentro dos reportados
por Krehbiel et al. (2006) para dietas de alto concentrado estimados entre 4,56 a 6,68% de

gordura suplementar.

O aumento nos niveis de gordura nas dietas de confinamento tem sido relacionado as
influéncias na digestdo de fibra (Zinn, 1989b). Este fato esta relacionado a toxicidade da

gordura para bactérias gram-positivas e protozoarios, em decorréncia do efeito do biofilme nas
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particulas de racdo e reducdo na degradabilidade da matéria organica (MO) e da MS (Hess et
al., 2008), bem como na ingestdo de MS (IMS; NASEM, 2016). Além disso, Alguns autores
relataram flavores adversos da carne de animais alimentados com dietas contendo grandes
quantidades de oleaginosas, como caroco de algoddo (Costa et al. 2013 ; Ferrinho et al. 2018)

ou semente de girassol (Gibb et al. 2004).

Para reduzir os impactos das gorduras sobre a toxidade para microbiota ruminal, a
utilizacdo de sais de calcio de acidos graxos (SCAG) pode ser uma estratégia. Alguns estudos
demonstrados que sua inclusdo em dietas de confinamento melhorou o ganho médio diério
(Fiorentini et al. 2012), caracteristicas de carcaca (Rosa e Silva et al. 2019) e de carne (Andrade
et al. 2014). Com a suplementacdo com SCAG foi especulado que mais acidos graxos
insaturados cheguem até o intestino delgado para absorcéo (Sukhija e Palmquist, 1990), ja que
com a protecdo do lipideo pelo sabdo de célcio protege da bioidrogenacdo ruminal. Em um
estudo realizado por Nascimento et al. (2020) foi comparado a utilizacdo de SCAG de soja e
SCAG de 6leos de soja, palma e algodao sobre o desempenho de bovinos Nelore confinados,
em seus achados reportaram que a suplementacdo com SCAG melhorou o desempenho, a
carcaca e as caracteristicas da carne, em adicional, a suplementacdo com 6leo de palma, soja e
algoddo melhorou o ganho e a eficiéncia de carcaca, demonstrando o potencial do &cidos graxos
(AG) especifico para melhorar o desempenho e as caracteristicas de qualidade da carne de

bovinos.

Carvalho et al. (2020) comparando caro¢o de algoddo e suplementagdo com SCAG
reportaram reducdo na IMS em % do peso corporal com a suplementacdo de SCAG. Estes
resultados de IMS apresenta divergéncia na literatura em relacdo a suplementacdo com SCAG,
havendo estudos que reportam reducdo na IMS pelos animais (Shingfield et al. 2010; Wanapat
et al. 2011; da Cruz et al. 2019), em contra partida em outros um incremento (Mosley et al.
2007; de Souza et al. 2016a; Nascimento et al. 2020). Essa varia¢do nos dados de IMS de acordo
com de Souza et al. (2016b) pode ser explicada pelo perfil de AG presentes no SCAG, Allen et
al. (2009) demostraram que AG insaturados sdo mais potentes em estimular a oxidacgao
hepatica, causando por sua vez, maiores reducdes na IMS em relagdo aos AG saturados. Em
gado leiteiro em pastejo, de Souza et al. (2017) observaram que os SCAG do 6leo de palma nédo
impactaram a IMS, enquanto os SCAG da suplementacdo com 0leo de soja causaram reducéo
na IMS. Em um estudo meta-analitico com vacas leiteiras Rabiee et al. (2012) reportaram a

gordura granulada reduziu a IMS em 1,2 kg/d, enquanto os SCAG apenas 0,865 kg/d.
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Além de seus impactos no desempenho, a suplementacdo com SCAG fornece AG com
efeitos bioldgicos e nutrigendbmicos em bovinos (Ladeira et al., 2012; Choi et al., 2013). Como
exemplo, estudos recentes de Souza et al. (2017; 2018) demonstraram os efeitos de diferentes
perfis de acidos graxos com por exemplo, palmitico, estearico, linoleico e oleico. Mais
precisamente, os AG demostram influenciar na atividade de genes envolvidos no metabolismo
lipidico, em que, os AG saturados parece desempenhar maiores a¢des nas regulacdes positivas
em comparacao aos AG poli-insaturados (AGPI) (Choi et al. 2015), o que ird impactar no

desempenho dos animais e na qualidade da carne.

Chung et al. (2016) demonstraram que o tratamento de adipdcitos bovinos
intramusculares com a combinacdo de acido oleico mais expressdo génica de receptores
ativados por proliferadores de peroxissomo gama (PPARYy) e receptor proteico G43 (GPR43)
regulada por ciglitazona, que foi associada ao preenchimento lipidico de adipocitos
intramusculares. Da mesma forma Li et al. (2019) tratando células satélites bovinas in situ com
acido oleico estimula a conversdo destas em adipécitos cheios de lipidios, sugerindo a
possibilidade de o &cido oleico atuar como um fator paracrino, estimulando a conversdo de

células satélites em adipdcitos intramusculares.

As concentracfes de acido oleico na composicdo da gordura tém sido representadas
como maior contribuicdo no tecido adiposo (May et al., 1993; Zembayashi et al., 1995; Oliveira
et al. 2011), de modo que aumentos na massa da gordura intramuscular é acompanhada por
aumentos correspondentes no &cido oleico (Smith et al. 2006; 2009). Foi bastante documentado
na literatura a capacidade das células em dessaturar 0s AG através dos estimulos transcricinais
e de atividade enzimaticas, como por exemplo a estearoil coenzima A dessaturase (A°
dessaturase; Chung et al. 2006a). Em um estudo realizado por Daniel et al. (2004) foi
demostrado que a atividade desta enzima foi deprimida em animais alimentados com feno em
comparacdo aqueles alimentados com concentrado. Da mesma forma, Chung et al. (2005)
demostraram aumento na atividade da enzima dessaturase no tecido adiposo, influenciado pelo
tempo de alimentac&o e pelo tipo de dieta. Além do que, as mudangas nos paddes de atividade
da enzima dessaturase ao longo do tempo foi refletida nas razbes finais acido graxo
monoinsaturado (AGMI): &cido graxo saturado (AGS) para amostras de tecido adiposo em
animais Wagyu e Angus alimentados com milho ou feno (Chung et al., 2006b).
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2.6. Utilizacdo de minerais organicos para maximizar a atividade metabdlica a nivel

celular

Muitas pesquisas tém demostrado o efeito dos minerais no metabolismo através da acéo
de metaloenzimas na regulacdo da sintese e degradacéo tecidual, de modo que a ac¢do pode ser
potencializada atraves do uso de fontes organicas destes minerais, uma vez que isso melhora a
absorcéo do mineral dentro do trato gastrointestinal dos animais (Apgar e Kornegay, 1996), de
modo que sua utilizacdo no metabolismo do animal se torna mais efetiva, contribuindo assim

com incrementos em seu desempenho (Genther-Schroeder et al., 2016; Budde et al., 2019).

Avaliando o efeito do mineral organico na suplementacdo de animais Nelore Vallini et
al., (2020) encontraram que a inclusdo parcial de zinco organico associado ao cromo organico
melhorou a eficiéncia dos animais e tendeu a aumentar a &rea de olho de lombo dos animais.
Da mesma forma, Genther-Schroeder et al. (2018) testando niveis crescentes de suplementacdo
de zinco organico encontraram uma resposta linear crescente para a eficiéncia dos animais.
Também foram encontrados por Budde et al. (2019) melhorias para o ganho médio diario dos
animais com a suplementacdo associada de zinco e cromo, além do que, estes autores

reportaram melhorias no peso de carcaga quente com a associacdo dos minerais.

Semelhantemente ao zinco, o cromo também mostrou uma tendéncia para melhorar o
GMD de novilhos durante o periodo de recebimento (Herkelman et al. 2018). Baggerman et al.
(2020) trabalhando com niveis crescentes de inclusdo de cromo nas dietas de animais
confinados, reportaram respostas lineares crescentes para peso final, GMD e eficiéncia, peso
de carcacga e ganho de carcaga, 0 que levou os autores a concluirem que a adicdo de cromo
acima da concentracdo basal pode melhorar o desempenho de crescimento em novilhos

confinados.

A acdo do cromo tem sido estudada para potencializar a acdo da insulina nos tecidos
sensiveis a este hormonio (Budde et al., 2019) além de afetar o sistema imunolédgico dos animais
(Spears, 2000; Bernhard et al., 2012). Fatos estes que justificam sua utilizacdo em dietas de
confinamentos com maiores niveis energéticos, principalmente quando estas possuem altos
niveis de graos, os quais sdo rapidamente fermentaveis no rimen e como resultado tem-se
principalmente incrementos na produgdo e absor¢éo de propionato, que ao atingir os hepatocitos

detém a principal via para elevacdo dos niveis glicémicos do ruminante. Dessa forma o cromo
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tem sido utilizado para manipular a qualidade da carne devido ao seu papel no metabolismo
muscular (Hong et al., 2002) e na utilizacdo de lipidios (Najafpanah et al., 2014).

Objetivos Gerais

Este trabalho teve por objetivo: atualizar o panorama dos confinamentos brasileiros
através das praticas empregadas pelos nutricionistas; avaliar a variagdo da comunidade
microbiana do rdmen de animais Nelore classificados em diferentes CAR alimentados com
dietas com altos teores de concentrado; avaliar o impacto sobre o desempenho com incrementos
no nivel de energia na dieta através do processamento do milho e/ou inclusdo de SCAG e Zn e
Cr organicos em animais Nelore classificados em DEP para alto e baixo marmoreio. Os
trabalhos aqui apresentados: foi publicado na “Revista Brasileira de Zootecnia (CAPITULO 2),
publicado na “Animals” (CAPITULO 3) e sera preparado para submissdo a “Frontiers
Microbiology” (CAPITULO 4).
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CAPITULO 2 “The 2019 Brazilian survey on nutritional practices provided
by feedlot cattle consulting nutritionists”

(Artigo publicado na Revista Brasileira de Zootecnia,2021, 50: e20200189,
doi.org/10.37496/rbz5020200189 )
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ABSTRACT - This survey aimed to provide a current outlook of nutritional recommendations
and management practices adopted by feedlot nutritionists in Brazil. The survey questionnaire
consisted of 96 questions that included general information on nutritionists, animals,
ingredients utilized in finishing diets, management and formulation practices, feeding
management, and challenges associated with applying nutritional recommendations in practice.
Thirty-six nutritionists, responsible for 4,671,062 animals in Brazil, responded our
questionnaire. An increase in the percentage of nutritionists (38.9%) recommending 66% or
more grain inclusion in the diets was observed. Fine grinding remained the preferred grain
processing method by nutritionists (44.4%); however, more than 50% of nutritionists
recommended highmoisture harvest and storage as the secondary grain processing method of
choice. The average level of concentrate in the diets was 83.3%, which is higher compared with
past surveys. The preferred fiber analysis method by 80.6% respondents was physically
effective neutral detergent fiber (peNDF), and corn silage remained the main roughage source
in finishing diets (69.4%). Improvements in diet mixing and distribution were also noted. While
79.0% of nutritionists’ clients use a truck-mounted mixer and 69.5% of them also use
programmed delivery per pen, 44.4% of the nutritionists reported that their clients use clean-
bunk management. Respiratory diseases and acidosis (reported by 71.4 and 27.6% of the
respondents, respectively) are among the main health problems. The present survey provides
an overview of nutritional practices currently adopted by feedlot nutritionists, who played an

important role on the improvement of feeding management in Brazil over the last 10 years.
Keywords: beef cattle, Brazil, energy, recommendation
1. Introduction

Brazil is the world largest beef exporter (FAO, 2019), which has increased the
international market demand for Brazilian beef. As a result, the number of cattle finished in
feedlots in Brazil increased approximately 100% from 2009 to 2019 [from 2,757,000
(ANUALPEC, 2009) to 6,090,000 (ABIEC, 2020)] as well as the percentage of feedlot animals
slaughtered in relation to the total number of slaughtered heads: 14.06% (IBGE, 2019).
However, when compared with American industries, the feedlot industry in Brazil is relatively
recent, and based on a previous survey conducted in 2015 by Pinto and Millen (2019), it is still

evolving.
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Surveys with feedlot cattle nutritionists in the US (Vasconcelos and Galyean, 2007,
Samuelson et al., 2016) and Brazil (Millen et al., 2009; Oliveira and Millen, 2014; Pinto and
Millen, 2019), as well as with dairy nutritionists (Silva et al., 2019), have become popular in
the last 15 years to describe nutritional recommendations and management practices currently
adopted by feedlots, indicating critical changes over time, and also to show the evolution of the
feedlot industry. Our previous survey (Pinto and Millen, 2019) showed a broader range of
technology adoption, allowing an increase in the number of feedlots with programmed feed
delivery, and resulted in an energy level increase for finishing diets, which was identified by
the increased levels of grain and fat, improved grain processing, and utilized feeding with a
better roughage source (corn silage). In addition, it was observed that feedlot cattle nutritionists
in Brazil were more experienced and highly educated, which has certainly been contributing to
the evolution of the Brazilian feedlot industry. Thus, this survey was designed to present an
overview of the evolution of feedlot operations over the last 10 years in Brazil, especially
focusing on the past four years.

Thus, our survey aimed to: provide a current outlook of the nutritional recommendations
and management practices adopted by feedlot cattle nutritionists in Brazil; identify critical
issues on feedlot operations at national level and compare their evolution with previous surveys
conducted by Millen et al. (2009), Oliveira and Millen (2014) and Pinto and Millen (2019); and
collaborate and provide insights for the research development to improve the Brazilian feedlot

systems.

2. Material and Methods

This survey was planned and conducted at the College of Technology and Agricultural
Sciences, S&o Paulo State University, campus of Dracena, Brazil. The approval of this study by
the Animal Care and Use Committee was not required since no animals were used. Furthermore,
according to Article 1, sole paragraph from the Resolution 510/16, National Health Council of
the Ministry of Health in Brazil: “there is no need to submit a project to Ethics Committee when

interviewed participants are not identified and the survey has public access”.

2.1.Nutritionists and data collection

Data collection was carried out according to Pinto and Millen (2019). Based on a list of
contacts provided by the authors, 54 consulting feedlot cattle nutritionists were invited to

participate in the survey. These nutritionists were selected because they represent typical cattle
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feeding practices in different geographical locations of Brazil. The first contact was made by
email where each of them received a brief description of the project, instructions to access the
survey, and a unique personal identification number to guarantee anonymity. Forty-five
nutritionists agreed to participate, and 36 ultimately completed the survey. The questionnaire
was posted on the web (https://www.typeform.com) and was available for two months (between
December 2, 2019 and January 25, 2020).

2.2.Survey questions

Based on the evolution of the feedlot industry reported by Pinto and Millen (2019), 13
additional questions were included in this survey, which had 96 questions divided as follows:
general information about the participating nutritionists (n = 11), general commodity
information (n = 14), use of concentrate coproducts (n = 5), roughage sources and levels (n =
5), adaptation methods and receiving programs (n = 7), mixers (n = 6), feeding management (n
= b5), cattle management and information (n = 17), formulation practices (n = 17), information
on resources used for nutritional recommendations (n = 2), major health problems (n = 6), and
challenges faced by the nutritionists in the field to put their nutritional recommendations into
practice. The terms “primary” and “secondary” were used to describe the most often and second

most often used feedstuffs, feed additives, and grain processing methods.

2.3.Data analyses

Data were tabulated in an Excel (Microsoft, Redmond, WA, USA) spreadsheet, and the
number of responses, mean, minimum value, maximum value, and mode were calculated for
the responses to all questions. Statistical analyses were conducted according to Pinto and Millen
(2019). Correlation analyses were performed between all variables, when appropriate, by the
CORR procedure of SAS, (Statistical Analysis System, version 9.4). Seventeen correlations
between the following variables were reported in this study because of their significant response
and also for being reported previously by Pinto and Millen (2019): feedlot size vs. feeding
frequency, feedlot size vs. percentage of clients who do not use any mixer, feedlot size vs.
inclusion level of concentrate, feedlot size vs. inclusion level of grains, feedlot size vs. bunk
space, feedlot size vs. percentage of clients who adopted continuous delivery, feedlot size vs.
bunk management, inclusion level of concentrate vs. percentage of clients who add water to the
mixed diets, feeding frequency vs. inclusion level of concentrate, feeding frequency vs. bunk

space, inclusion level of forage vs. bunk space, bunk space vs. percentage of clients who
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adopted continuous delivery, total digestible nutrients (TDN) content of finishing diets vs.
percentage of clients who used coproducts, TDN content of finishing diets vs. bunk
management, TDN content of finishing diets vs. percentage of clients who added water to diets,
physically effective neutral detergent fiber (peNDF) content vs. fat content of finishing diets,
and percentage of clients who do not use any mixer vs. percentage of clients who adopted
continuous delivery. The results were considered significant at P<0.05 level.

3. Results

3.1. General information

All 36 participants who answered this survey were responsible for a total of 5,190,051
animals; however, eleven nutritionists also practiced in other countries, including Paraguay (n
=9), Uruguay (n = 2), Bolivia (n = 4), and Russia, Nicaragua, Argentina, and the United States
(n = 1), and reported a total of 518,989 animals assisted in foreign countries, which were also
included in the data reported in this survey because separation was not possible based on the
way data were collected. As a result, the nutritionists interviewed in this survey were
responsible for 4,671,062 animals in Brazil. Most surveyed nutritionists declared having clients
in the state of Sdo Paulo (75.0%), 69.4% reported that most of their clients were in Mato Grosso,
61.1% serviced most of their clients in Mato Grosso do Sul, 58.3% responded in Goias, 44.4%
in Para, 41.7% in Minas Gerais, 36.1% in Tocantins, 33.3% in Parand, 13.9% in Bahia, 11.1%
in Rondodnia, 8.3% in Rio Grande do Sul, 2.8% in Alagoas, 2.8% in Sergipe, and 2.8% in
Espirito Santo. The sum of nutritionists is higher than 100% because most of them have clients
in more than one state. Furthermore, the interviewed consulting nutritionists reported visits to

their clients every 34.2 days, on average.

Out of the 36 surveyed nutritionists, 47.2% were representatives of a corporate feed
manufacturing company, 36.1% worked for a nutritional consulting company, 5.6% were
associated with a university, 5.6% were independent consultants, 2.8% worked for a state
research corporation, and 2.8% was a distributor and representative. Regarding their practice
time, 83.3% of participants had been practicing for more 10 years, 11.1% from 8 to 10 years,
and 5.6% from 5 to 8 years.

When asked about their terminal degree, 33.3% nutritionists reported a Bachelor of

Science degree (agronomy, animal science, or veterinary medicine) with graduate certificate
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courses in cattle nutrition, 30.6% declared having a Ph.D degree, 25.0% a Master of Science
degree, and 11.1% a Bachelor of Science degree. Most of the participating nutritionists (42.3%)
reported that their degree was obtained in universities of the state of Sdo Paulo, whereas the
others declared that their degree were from universities from states of Minas Gerais (19.2%),
Goiés (13.5%), Parana (11.5%), Mato Grosso do Sul (7.7%), and Mato Grosso (5.8%).

Furthermore, nutritionists were asked about the average number of cattle in feedlot
operations their practices serviced, 11.1% reported having clients that feed <1,000 animals,
52.8% had clients who feed from 1,001 to 5,000 animals, 19.4% responded assisting feedlots
ranging from 5,001 to 10,000 animals, 11.1% reported having clients who feed from 10,001 to
20,000 animals, and 5.6% assisted only feedlots with a capacity of more than 20,000 animals

on feed.
3.2. Information on grains and energy levels

3.2.1. Grains

Corn was the most utilized grain, reported by 97.2% of the nutritionists (Table 1),
followed by sorghum (2.8%). In addition, flint type (100%) was the most fed corn in feedlot

operations in Brazil. The secondary grain choice for 79.4% of the nutritionists was sorghum.
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139  Table 1. General commodity information recommended for finishing diets by the surveyed

140  Brazilian consulting nutritionists.

Information No. of responses! % of responses
Primary source of used grain

Corn 35 97.22
Sorghum 1 2.78
Secondary source of used grain (n = 34)

Sorghum 27 79.41
Corn 6 17.65
Millet 1 2.94
Type of used corn (n = 35)

Flint 35 100.00
Dent 0 0.00
Primary grain processing method

Finely ground 16 44.44
Coarsely ground 13 36.11
High moisture harvesting and storage 5 13.89
Only cracked 1 2.78
Reconstituted grain 1 2.78
Secondary grain processing method

High moisture harvesting and storage 19 52.78
Finely ground 9 25.00
Coarsely ground 5 13.89
Whole shelled corn grain 2 5.56
Steam-flaking 1 2.78
Inclusion level of of grains in finishing diet, % of DM?

20to 35 2 5.56
36 to 50 2 5.56
51 to 65 18 50.00
66 to 80 12 33.33
81 or more 2 5.56
Inclusion level of concentrate in finishing diet, % of DM

Less than 55 1 2.78
56 to 70 0 0.00
71t0 80 12 33.33
81to0 90 23 63.89
91 or more 0 0.00

141 Number of responses when nutritionists chose only one answer for a question; 2 Dry Matter.

142
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3.2.2. Grain processing methods

Fine grinding was the primary grain processing method adopted by feedlot nutritionists
in Brazil (16, 44.4%), followed by coarse grinding (36.1%) and high-moisture harvesting and
storage (13.9%; Table 1). The secondary preferred grain processing method by the participating
nutritionists was high-moisture harvesting and storage (52.8%). Nutritionists were also
questioned about corn granulometry used in Brazilian feedlots, and 29 of them reported an

average of 3.2 mm.

3.2.3. Average inclusion level of grain and concentrate

About 50% of the consultants included from 51 to 65% (Table 1) of grain in the finishing
diet (dry matter (DM) basis). Although the correlation between feedlot size and inclusion level
of grains in finishing diets was not significant (r = 0.14, P = 0.41), the inclusion levels of grain
in finishing diets of feedlot operations in Brazil have been increasing in the last decade based
on the percentage of nutritionists who include more than 66% grains in finishing diets (Figure
1). Likewise, the inclusion level of concentrate in the diets also increased over the last decade,
with 97.2% of the participants recommending from 71 to 90% per kg of diet DM (Figure 2). As
for grain level, the correlation between feedlot size and inclusion level of concentrate in

finishing diets was not significant (r =0.23, P = 0.17).
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Figure 2. Percentage of the Brazilian nutritionists who recommended from 71 to 90%
concentrate ingredients per kg of diet DM.

3.3. Sources of information on feed energy values
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The most common measure of energy unit utilized for diet formulation by the consulting
nutritionists was total digestible nutrients (TDN; 52.8%), followed by net energy for gain (NEg;
16.7%), metabolizable energy (ME; 22.2%), and non-fibrous carbohydrates (8.3%; Table 2).
The main source of information for feed energy values was the RLM (Racéao de Lucro Maximo,
2014), which was the choice of 36.1% surveyed nutritionists, followed by Cornell Net
Carbohydrate and Protein System (CNCPS; 19.4%), NRC (1996; 13.9%), NASEM (2016;
11.1%), and BR-Corte (Valadares Filho et al., 2016; 8.3%). In addition, 5.6% of the participants
responded that they use the Cargill System for information on feed energy values, whereas 2.8%
used their own information, and another 2.8% preferred the Agricultural and Food Research
Council (AFRC).
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178  Table 2. Information on energy values and types of energy units used to formulate diets adopted by the interviewed consulting nutritionists.

Information No. of responses! % of responses Average level Maximum Minimum Mode
Type of energy unit used to formulate finishing diets

Total digestible nutrients (%) 19 52.78 74.66 (n=19) 79.00 70.00 75.00
Net energy for gain (Mcal/kg DM?) 8 16.67 1.33 (n=5) 1.48 1.20
Metabolizable energy (Mcal’kg DM) 6 22.22 2.89 (n=8) 3.2 2.60 2.87
Non-fibrous carbohydrates (%) 3 8.33 52.67 (n=3) 54.00 50.00 54.00
Source of information on energy values?

RLM 13 36.11

CNCPS 2000 7 19.44

NRC 1996 5 13.89

BCNRM 2016 4 11.11

BR-Corte 2016 3 8.33

Cargill System 2 5.56

Own information 1 2.78

AFRC 1 2.78

179 *Number of responses when nutritionists chose only one answer for a question; 2 Dry Matter; *RLM = Rac&o de Lucro Maximo; CNCPS = Cornell

180  Net Carbohydrate and Protein System; NRC = Nutrient Requirements of Beef Cattle; BCNRM = Beef Cattle Nutrient Requirements Model; AFRC

181 = Agricultural and Food Research Council.
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Table 3. Concentrate coproduct used in finishing diets by the surveyed Brazilian consulting nutritionists

Coproduct No. of responses! % of responses Average level Maximum Minimum Mode
Primary used concentrate coproduct

Whole cottonseed 19 52.78 14.64 (n = 18) 20.00 8.00 15.00
Citrus pulp pellets 11 30.56 27.75 (n = 10) 35.00 20.00 35.00
DDG? 3 8.33 15.00 (n = 3) 15.00 15.00 15.00
Soybean hulls 1 2.78 10 (n=1) 10.00 10.00 -
WDG? 1 2.78 30(n=1) 30.00 30.00 -
Cotton Cake 1 2.78 25(n=1) 25.00 25.00 -
Secondary used concentrate coproduct

Soybean hulls 10 27.78 17,70 (n = 10) 30.00 7.00 15.00
Whole cottonseed 10 27.78 11,55 (n = 10) 15.00 5.00 15.00
DDG 6 16.67 14,49 (n = 6) 30.00 3.50 -
Citrus pulp pellets 6 16.67 29,42 (n=6) 35.00 23.00 35.00
Cotton cake 2 5.56 15,00 (n=2) 15.00 15.00 15.00
Corn gluten feed 1 2.78 17,50 (n=1) 17.50 17.50 -
Brewery wet residue 1 2.78 15,00 (n=1) 15.00 15.00 -
Percentage of clients that use some type of coproduct in finishing diets

Mean 82.28

Maximum 100.00

Minimum 5.00

Mode 100.00

Note: number of responses when nutritionists chose only one answer for a question; 2 Dry Distillers Grains;  Wet Distillers grains.
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3.4. Use of coproducts

Whole cottonseed was indicated by 52.8% of the participants as the primary coproduct
used in finishing diets, followed by citrus pulp pellets (30.6%), dried distillers grains (DDG,;
8.3%), soybean hulls (2.8%), wet distillers grains (2.8%), and cotton cake (2.8%; Table 3). The
average inclusion level of whole cottonseed was of 14.6% of diet DM, whereas citrus pulp
pellets were included at 27.8%. Most of the clients served by the interviewed nutritionists
included some type of coproduct in finishing diets. In addition, the correlation between TDN
content of finishing diets and percentage of clients who used some sort of coproducts, analyzed

in this study, was not significant (r = 0.34, P = 0.16).
3.5. Roughage sources, levels, and methods of fiber analysis

3.5.1. Roughage sources and levels

The typical level of roughage inclusion in finishing diets recommended by the surveyed
nutritionists was 16.8% of diet DM (Table 4), which represented approximately a 42% decrease
when compared with the very first Brazilian feedlot survey conducted in 2009 (Millen et al.,
2009; Figure 3). Corn silage was the primary roughage source in finishing diets, which was
used by 69.4% of the respondents, followed by sugarcane bagasse (11.1%), grass silage (8.3%),
hay (5.6%), cottonseed pod (2.8%), and sugarcane silage (2.8%). The secondary roughage
recommended by 36.1% of the participants was sugarcane bagasse, 27.8% reported the use of
grass silage, 13.9% used sorghum silage, 11.1% sugarcane silage, 8.3% corn silage, and 2.8%

fresh-chopped sugarcane.
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Figure 3. Typical level of roughage inclusion in finishing diets recommended by the Brazilian
nutritionists surveyed over the last 10 years.

Table 4. Roughage sources and levels, and fiber analysis methods used by the Brazilian

consulting nutritionists surveyed.

Roughage No. of responses! % of responses
Primary roughage source

Corn silage 25 69.44
Sugarcane bagasse 4 11.11
Grass silage 3 8.33
Hay 2 5.56
Cottonseed pod 1 2.78
Sugarcane silage 1 2.78
Secondary roughage source

Sugarcane bagasse 13 36.11
Grass silage 10 27.78
Sorghum silage 5 13.89
Sugarcane silage 4 11.11
Corn silage 3 8.33
Fresh-chopped sugarcane 1 2.78
Preferred method of fiber analysis

peNDF?2 29 80.56
NDF? 4 11.11
Roughage NDF 2 5.56
ADF* 1 2.78

Typical range of inclusion of roughage in finishing diets % of DM
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Mean 16.75
Maximum 35.00
Minimum 7.17

Mode 15.00

Note: *number of responses when nutritionists chose only one answer for a question; 2
Physically Effective Neutral Detergent Fiber; * Neutral Detergent Fiber; 4 Acid Detergent
Fiber.

3.5.2. Methods of fiber analysis

The preferred fiber analysis method for finishing diets reported by 80.6% of the
respondents (Table 4) was dietary peNDF followed by dietary neutral detergent fiber (NDF;
11.1%), roughage NDF (5.6%), and dietary acid detergent fiber (2.8%). The average dietary
peNDF inclusion level reported by the surveyed nutritionists was 14.3% of diet DM. For
nutritionists who reported the use of dietary NDF, the recommendation of dietary NDF content

in finishing diets was 21.8%.
3.6. Receiving programs and adaptation methods for cattle

3.6.1. Receiving programs

The most adopted receiving program by nutritionists was a feedlot bunk containing a
mix of roughage and concentrate (44.4%; Table 5). The pasture plus a bunk containing
concentrate was the second most used receiving program reported by the participants in this
survey (30.6%). For all 35 nutritionists who recommended receiving programs to their clients,

9.7 days was the average number of days that the cattle spent in this program.

Table 5. Cattle adaptation and receiving program methods used by the Brazilian consulting

nutritionists surveyed.

No. of
Program methods responses’ % of responses
Methods used for adapting cattle to finishing diet
Multiple step-up diets 22 61.11

Only one diet containing less energy than final diet 7 19.44
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Blending of two diets 5 13.89
Final diet limited by quantity 1 2.78
Multiple step-up diets associated with restriction 1 2.78
Receiving program

Feedlot bunk containing roughage and concentrate 16 44.44
Pasture plus bunk containing concentrate 11 30.56
Feedlot bunk containing only roughage 5 13.89
Pasture 3 8.33
None 1 2.78
Average number of days in the receiving program (n = 35)

Mean 9.68
Maximum 60
Minimum 2

Mode 3

231 Note: 'number of responses when nutritionists chose only one answer for a question.

232
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3.6.2. Adaptation methods

Multiple step-up diets were the preferred adaptation method reported by 61.1% of the
participants. Nevertheless, 19.4% of the nutritionists reported the use of only one diet
containing less energy than the finishing diet, followed by blending of two diets (13.9%), final
diet limited by quantity fed (2.8%), and multiple step-up diets associated with restriction by
quantity fed (2.8%; Table 5). Regarding multiple step-up diets, the nutritionists reported an
average of 2.9 diets used within the adaptation period (average of 7.1 days per diet), which
resulted in an average number of days for the entire adaptation period of 19.2 (Table 6). When
questioned about the average initial roughage concentration, participants recommended 36.9%
of diet DM.
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Table 6. Recommendations for each adaptation method used by the surveyed Brazilian consulting nutritionists.

Recommendations Mean No. of respondents!  Minimum  Maximum Mode
Multiple step-up diets

Number of step-up diets used 2.88 21 2 4 3
Number of days per diet 7.14 20 3 14 4
Average number of days to the final diet 19.22 20 8 35 10
Initial level of roughage, % of DM? 36.89 22 18 50 40
Final diet limited by quantity

Average number of days to the final diet 40.00 1 40 40 -
Initial level of roughage, % of DM 15.00 1 15 15 -
Only one diet containing less energy than final diet

Average number of days to the final diet 24.71 7 12 60 15
Initial level of roughage, % of DM 37.79 7 22 45 45
Blending of two diets

Average number of days to the final diet 14.67 3 6 21 -
Initial level of roughage, % of DM 36.50 5 27.5 40 40

Note: all nutritionists had either an answer for all possible choices or more than one answer per question; 2 Dry Matter.
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3.7. General feeding and bunk management

3.7.1. Mixers

The surveyed nutritionists reported that 79.0% of their clients used truck-mounted
mixers, 16.3% used a combination of stationary mixer/delivery trucks, and 4.9% utilized only
delivery trucks (Table 7). In addition, the participants indicated that 81.6% of their clients used
horizontal mixers. The percentage of nutritionists’ clients not using any mixer in this survey

was 10%; however, this data was not significantly correlated with feedlot size (r = —0.24, P =

0.15).

Table 7. Mixers and feeding management information provided by the surveyed Brazilian

consulting nutritionists.

No. of
Mixers and feeding management respondents!  Mean  Minimum Maximum Mode
Mixers (%0)
Truck-mounted mixers 36 79.01
Stationary mixer and delivery
truck 36 16.33
Delivery truck 36 4.89
Not use any mixer 36 1.72
Feed delivery (%)
Programmed delivery per pen 36 69.47
Continuous delivery 36 30.53
Types of mixers used (%)
Horizontal mixers 34 81.55
Vertical mixers 34 8.43
No mixer 34 10.01
Feeding management
Daily feeding interval (h) 36 3.01 1.5 6 3
Bunk space per animal (cm) 36 0.36 0.275 0.5 0.35
Area per animal in a pen (m2) 36 15.18 10 20.5 15
Average mixing time for finishing
diets (min) 36 6.11 4 15 5
Clients who add water to finishing
diets (%) 36 45.08 0 100 0
Water added to finishing diets (%) 31 12.00 0 30 10
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DM in finishing diets, % 36 65.42 55 80 65
Percentage
No. of of
responses’  responses
Feeding
Cattle are fed one time daily 0 0.00
Cattle are fed two times daily 2 5.56
Cattle are fed three times daily 6 16.67
Cattle are fed four times daily 24 66.67
Cattle are fed five times daily or
more 4 11.11
Bunk management
Clean-bunk 16 44.44
1 to 3% orts 15 41.67
3 1o 5% orts 5 13.89
Water trough cleaning
Once a week 11 30.56
Twice a week 7 19.44
Thrice a week 17 47.22
Daily 1 2.78
Use of sprinklers in the pen
Yes 16 44.44
No 20 55.56

Note: all nutritionists had either an answer for all possible choices or more than one answer

per question; 2number of responses when nutritionists chose only one answer for a question.

3.7.2. Feed delivery and mixing

The percentage of nutritionists’ clients using a programmed delivery per pen (69.5%)
increased over the last decade (Figure 4); however, 30.5% of clients still adopt continuous
delivery (Table 7). In this survey, the correlation between the percentage of clients who did not
use any mixer and percentage of clients who adopted continuous delivery was significant (r =
0.32, P = 0.05) as well as the correlation between feedlot size and percentage of clients who
adopted continuous delivery (r =—0.37, P<0.05). The correlation is not causation, and based on
this fact, nutritionists should make their recommendations considering unique aspects related

to each client.
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Figure 4. Evolution of the use of programmed delivery per pen in feedlot operations in Brazil.
This figure depicts the percentage of nutritionists’ clients using programmed delivery per pen

over the last decade.

The surveyed nutritionists reported that 45.1% of their clientele added water to the
finishing diet at 12.0% of diet DM (Table 7) during the process of mixing diets. Furthermore,
the correlation between the percentage of clients who added water to the finishing diet and TDN
content of the finishing diets was significant (r = 0.66, P<0.01), showing that nutritionists
consider the energy content of finishing diets as one of factors to make the decision of adding
water to diets. The inclusion level of concentrate was not correlated with the percentage of
clients who added water to the finishing diet (r = 0.19, P = 0.26). With respect to the average

mixing time, the nutritionists recommended 6.1 min.

3.7.3. Water trough cleaning and sprinklers

About 47% of the participants reported that their clients cleaned water troughs three
times a week, followed by once a week (30.6%), twice a week (19.4%), and daily (2.8%). The
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use of sprinklers in feedlot pens was reported by 44.4%, but 55.6% did not report the use of
sprinklers by their clients (Table 7).

3.8. Management of newly received cattle

Our respondents indicated that 91.1% of their clients used some method to sort cattle
upon arrival at the feedlot. Most of nutritionists’ clients (73.9%) sorted cattle based only on
body weight (BW), 16.2% sorted cattle by BW and body condition score, 1.5% used only body
condition score, 1.3% sorted cattle by using real-time ultrasound, and 7.1% used a combination

of either BW and breed, BW and frame, or origin source (data not shown).
3.9. Cattle performance information

Bulls were the predominant type of cattle fed in Brazilian feedlots (by 87.5% of the
clients), followed by heifers (26.4%), calves (15.3%), cull cows (14.7%), and steers (6.6%)
(Table 8). All animals that were less than 12 months old were considered calves. In addition,
about 85% of the nutritionists’ clients fed Nellore cattle, and approximately 52% fed some sort

of crossbred animals.

When asked about how their clients marketed their cattle, participants (n = 35)
responded that 70% of their clients’ market animals as a commodity, and 30% had an agreement
with beef programs. Moreover, 57.9% of the livestock fed by nutritionists’ clients were from
traceability programs (data not shown).
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306  Table 8. Cattle performance information provided by the surveyed consulting nutritionists in Brazil.

Calves Bulls Steers Heifers Cull cows Nellore Crossbred

Average initial age (mo) 9.82 (n=25) 36.69 (n=35) 20.85 (n=20) 16.92 (n=33) 55.83 (n=23)
Average initial BW! (kg)  236.67 (n=27) 376.09 (n=36) 371.82 (n=22) 292.21 (n=34) 386.42 (n=26)
Average final BW (kg) 460.43 (n=23)  555.77 (n=35) 516.19 (n=21) 423.78 (n=32) 474.28 (n=25)

Days on feed 158.20 (n=25) 106.82 (n=36)  98.86 (n=22) 88.71 (n=34) 65.42 (n=26)
ADG? (kg) 1.33 (n=25) 1.58 (n=36) 1.41 (n=22) 1.29 (n=33) 1.31 (n=25)
Feed-to-gain-ratio 6.53 (n=23) 6.99 (n=31) 8.02 (n=19) 7.66 (n=26) 8.79 (n=22)
DMI3 (kg) 8.21 (n=22) 10.68 (n=34) 10.39 (n=20) 8.61 (n=29) 10.82 (n=23)  10.52 (n=26) 11.45 (n=25)
DMI (% of BW) 2.39 (n=25) 2.32 (n=36) 2.28 (n=21) 2.36 (n=31) 2.51 (n=25) 2.26 (n=29)  2.43 (n=28)
Clients who feed (%0) 15.29 (n=29) 87.52 (n=35) 6.64 (n=31) 26.37 (n=35) 14.65 (n=31) 85.76 (n=34) 52.73 (n=34)

307  Note: ! Body Weight; ? Average Daily Gain; * Dry Matter Intake.
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3.10. Recommended nutrient composition for finishing diets

3.10.1. Fat

The participants reported that the average dietary fat concentration in finishing diets
(DM basis) was 5.22% (Table 9). Likewise, the maximum dietary fat concentration
recommended (DM basis) by the nutritionists was 6.64% in the current survey. In addition, the
relationship between fat and peNDF contents of finishing diets was not significantly correlated
(r =-0.28, P = 0.15) in this study. Whole cottonseed was the main source of fat in Brazilian
feedlot diets (75.0%), followed by cottonseed hulls, high oil (19.4%), rumen-protected fat
(2.8%), and soybean sauce residue (2.8%).
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Table 9. Fat and protein recommendations for finishing diets used by the surveyed Brazilian consulting nutritionists.

No. of
Recommendations Mean respondents! Minimum Maximum Mode
Recommended dietary fat (% of DM?) 5.22 36 2.00 10.00 5.00
Maximum dietary fat recommended (% of DM) 6.64 35 3.00 9.00 6.00
Recommended level of CP? (% of DM) 13.69 36 12.00 15.80 14.00
Recommended level of urea (% of DM) 1.07 36 0.50 1.30 1.20
Nutritionists who formulate for RDP* (n = 36) 31 (86.11%) = Yes 5 (13.89%) = No
RDP recommended for finishing diets (% of DM) 8.93 29 0.0 13.2 10
Percentage of
responses No. of responses®
Main source of fat
Whole cottonseed 75.00 27
Cottonseed hulls, high oil 19.44 7
Rumen-protected fat 2.78 1
Shoyu sauce residue 2.78 1
Primary source of protein
Soybean meal 55.56 20
Cottonseed meal 13.89 5
Whole cottonseed 11.11 4
DDG? 11.11 4
Cotton Cake 5.56 2
Whole cottonseed and DDG 2.78 1
Secondary source of protein (n = 35)
Whole cottonseed 34.29 12
Cottonseed meal 25.71 9
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Peanut meal 11.43 4
DDG 11.43 4
Soybean meal 8.57 3
WDG'’ 2.86 1
Brewery Wet Residue 2.86 1
Cotton Cake 2.86 1

318  Note: ‘all nutritionists had either an answer for all possible choices or more than one answer per question; 2 Dry Matter; ® Crude Protein;  Rumen
319  Degradable Protein; ® number of responses when nutritionists chose only one answer for a question; © Dry Distillers grains;  Wet Distillers

320 Grains.
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3.10.2. Protein

The consulting nutritionists recommended 13.7, 8.9, and 1.1% (DM basis) for average
concentrations of crude protein (CP), rumen degradable protein (RDP), and urea, respectively
(Table 9). In the current survey, 86.1% of Brazilian consultants also declared to formulate diets
for RDP. Soybean meal was the primary source of plant-based protein used by 55.6% of
participants, followed by cottonseed meal (13.9%), whole cottonseed (11.1%), dried distillers
grains (11.1%), cotton cake (5.6%), and whole cottonseed plus DDG (2.8%). The second most
commonly used source of plant-based protein included in finishing diets and used by the
surveyed nutritionists was whole cottonseed (34.3%), followed by cottonseed meal (25.7%),
peanut meal (11.4%), DDG (11.4%), soybean meal (8.6%), wet distillers grains (2.9%),
brewery wet residue (2.9%), and cotton cake (2.9%).

3.10.3. Macro minerals

The average Ca concentration recommended by the surveyed nutritionists for finishing
diets was 0.63% of diet DM (Table 10). Regarding P, K, and S concentrations, participants
recommended 0.30, 0.75, and 0.19% of diet DM, respectively. Finally, the nutritionists’

recommendations for Mg and Na in finishing diets were, on average, 0.18% of diet DM.

Table 10. Feed additives and major and trace mineral recommendations by the surveyed
Brazilian consulting nutritionists (DM basis).

No. of
Item Mean  respondents! Minimum Maximum Mode
Major minerals, % of diet
Ca 0.63 28 0.00 1.40 0.80
P 0.30 28 0.14 0.60 0.30
K 0.75 26 0.49 1.20 0.80
Na 0.18 28 0.00 1.00 0.20
Cl 0.21 15 0.00 0.50 0.25
S 0.19 26 0.04 0.75 0.20
Mg 0.18 25 0.08 0.50 0.20
Trace minerals, mg/kg of diet
Fe 63.00 16 18.00 150.00 50.00
Zn 55.08 24 22.00 90.00 40.00

Cu 15.50 23 5.00 25.00 15.00
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I 0.66 22 0.50 1.00 0.50
Mn 42.17 23 6.00 60.00 30.00
Vitamin, 1000 1U/kg

A 2583.50 20 0.00 5000.00 2200.00
D 291.59 17 0.00 625.00 0.00
E 24.20 19 0.00 50.00 30.00

Note: 'all nutritionists had either an answer for all possible choices or more than one

answer per question.

3.10.4. Trace minerals

The recommended concentrations of trace minerals provided by the interviewed
nutritionists were 15.5, 63.0, 33.0, 0.7, and 55.1 mg/kg of diet DM for Cu, Fe, Mn, I, and Zn,
respectively (Table 10).

3.10.5. Vitamins

The average recommended vitamin A, D, and E concentrations were 2,583.5, 291.6, and
24.2 1U/kg, respectively (Table 10).

3.10.6. Feed additives

The nutritionists interviewed in this survey declared that 99.8% of their clients utilized
some type of additive in finishing diets (Table 11). With respect to the primary feed additive
used in finishing diets, 86.1% of the participants reported sodium monensin, with the
recommended inclusion level of 24.6 mg per kg (DM basis), on average. Other feed additives
cited by the nutritionists included virginiamycin (5.6%), followed by salinomycin (5.6%) and
a combination of monensin and virginiamycin (2.8%). When asked about the secondary feed
additive used by their clients in finishing diets, 65.7% of the nutritionists responded
virginiamycin, 8.6% reported the use of lasalocid, 5.7% responded monensin, 5.7% used
functional oils, 2.9% reported using salinomycin, 2.9% yeast, 2.9% tannin, 2.9% sodium
bicarbonate, and 2.9% flavomycin. An additional question was asked in this survey related to
mycotoxin adsorbents, and the participants responded that only 18.8% of the clients used some

type of adsorbent.
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362  Table 11. Feed additive recommendations for finishing diets used by the surveyed Brazilian consulting nutritionists.

No. of
Recommendations responses’ Mean (%0)
Clients who use mycotoxin adsorbents (%) 35 18.77
Clients who use some kind of feed additive (%) 36 99.78

Recommended

Primary feed additive used level Minimum Maximum Mode
Monensin (mg/kg of DM?) 31 86.11 24.58 18.00 30.00 25.00
Virginiamycin (mg/kg of DM) 2 5.56 25.00 25.00 25.00 25.00
Salinomycin (mg/kg of DM) 2 5.56 13.00 13.00 13.00 13.00
Monensin and Virginiamycin (mg/kg of DM) 1 2.78 23.00 - - -
Secondary feed additive used (n = 35)
Virginiamycin (mg/kg of DM) 23 65.71 20.30 15.00 25.00 20.00
Lasalocid (mg/kg of DM) 3 8.57 25.00 16.00 35.00 -
Monensin (mg/kg of DM) 2 5.71 21.00 20.00 22.00 -
Functional oils (mg/kg of DM) 2 5.71 50.00 - - -
Salinomycin (mg/kg of DM) 1 2.86 12.00 - - -
Yeast (g/kg of DM) 1 2.86 1.00 - - -
Tannin (g/kg of DM) 1 2.86 7.00 - - -
Sodium Bicarbonate (g/kg of DM) 1 2.86 6.00 - - -
Flavomycin (mg/kg of DM) 1 2.86 4.00 - - -

363  Note: number of responses when nutritionists chose only one answer for a question; 2 Dry Matter.

364
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3.11. Sources of information

When asked about nutritional models they used, 30.6% of the Brazilian nutritionists
interviewed responded RLM (Rac¢édo de Lucro Maximo, 2014), which was followed by NRC
(1996; 13.9%), CNCPS (13.9%), NASEM (2016; 13.9%), private company source (8.3%), own
information (5.6%), BR-Corte (Valadares Filho et al., 2006; 5.6%), NRC (1984, 2.8%), LRNS
(2.8%), and AFRC/NRC/ own information (2.8%).

Regarding the source of scientific or general information used by the consulting
nutritionists (91.7%), the Journal of Animal Science was the most common answer (81.8%),
followed by the Brazilian Journal of Animal Science (6.1%), articles from agriculture and
livestock magazines (6.7%), conferences proceedings (3.0%), and technical company bulletin
(3.0%; data not shown).

3.12. Problems reported by the nutritionists

3.12.1. Health problems

The main health problems indicated by the nutritionists were respiratory diseases
(71.4%), followed by acidosis (11.4%), laminitis (11.4%), injuries resulting from transport
(2.9%), and clostridiosis and mycotoxins (2.9%, Table 12).

All participants reported that their clients used vermifuge (an anthelmintic medicine),
whereas 97.2 and 66.7% declared that their clients vaccinated animals against clostridium and
pneumonia, respectively. Vaccination against acaricide (ticks and mites) was cited only by
37.1% of the interviewees (Table 12). The average mortality rate reported by the nutritionists

at the feedlots they serviced was 0.57%.

3.12.2. Major challenges

In this survey, the nutritionists indicated (61.1% of the responses) administration and
management as the most challenging issue to put their nutritional recommendations into
practice. Other challenges cited by the nutritionists included lack of trained employees (30.6%),

equipment precision and availability (5.6%), and logistics (2.8%; Table 12).
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Table 12. Major health problems and challenges faced by the surveyed Brazilian consulting

nutritionists.

Problems/Challenges No. of responses! % of responses
Major health problems (n = 35)

Respiratory diseases in general 25 71.43
Acidosis 4 11.43
Laminitis 4 11.43
Injuries resulting from transport 1 2.86
Clostridiosis and mycotoxins 1 2.86
Vaccination against clostridium

Yes 35 97.22
No 1 2.78
Vaccination against pneumonia

Yes 24 66.67
No 12 33.33
Cattle vermifuge

Yes 36 100.00
No 0 0.00
Vaccination against acaricide (n = 35)

Yes 13 37.14
No 22 62.86
Average mortality rate reported 35 0.57
Major challenges

Administration and management 22 61.11
Lack of trained employees 11 30.56
Equipment precision and availability 2 5.56
Logistics 1 2.78

Note: number of responses when nutritionists chose only one answer for a question.

4. Discussion

4.1. General information

The 4,671,062 animals serviced by the nutritionists interviewed in this survey
represented close to 75% of the cattle finished in a feedlot in Brazil in 2019 based on estimation
of ABIEC (ABIEC, 2020). The interviewed consulting nutritionists reported visits to their
clients every 34.2 days, on average, which is close to the interval of 38.2 days reported by Pinto
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and Millen (2019), but longer than the one of 26.3 days reported by Oliveira and Millen (2014).
When compared with the first survey (Millen et al., 2009) conducted 10 years ago, the
percentage of nutritionists serving feedlots that fed <5000 animals annually decreased (71.0%
vs. 63.9%). In addition, it was the first time that nutritionists reported servicing feedlots with
more than 20,000 heads capacity, on average, which is an evidence that feedlot operations still
have been growing in Brazil since the first survey was conducted (Millen et al., 2009).

Out of the 36 surveyed nutritionists, 47.2% were representatives of a corporate feed
manufacturing company, which is in agreement with previous surveys (Pinto and Millen, 2019;
Oliveira and Millen, 2014), in which most of the participants were from corporate feed
manufacturing companies (45.5 and 45.4% respectively). Furthermore, the percentage of
nutritionists who work with feedlot cattle with for more than 10 years of practice rose from
42.4% (Oliveira and Millen, 2014) to 83.3%. It is noteworthy that 48% of the nutritionists
interviewed in this survey participated at least in one of the three previous surveys (Millen et
al., 2009; Oliveira and Millen, 2014; Pinto and Millen, 2019). However, unlike previous
surveys (Millen et al., 2009; Oliveira and Millen, 2014; Pinto and Millen, 2019), there was no

interviewee with less than five years of practice.

In agreement with the first (Millen et al., 2009) and second Brazilian surveys (Oliveira
and Millen, 2014), a Bachelor degree with graduate certificate courses in cattle nutrition was
the most common terminal degree among the nutritionists surveyed, which is differently from
what was reported in the previous survey by Pinto and Millen (2019), in which nutritionists
with a Bachelor degree with graduate certificate courses in cattle nutrition represented only
15.1%. Most of the participating nutritionists (42.3%) in the current survey reported that their
degree was obtained in universities of the state of Sdo Paulo.

4.2. Information on grains and energy levels

Corn was the most utilized grain (97.2%), as reported previously (Millen et al., 2009;
Oliveira and Millen, 2014; Pinto and Millen, 2019). In agreement with previous surveys by
Millen et al. (2009) and Pinto and Millen (2019), fine grinding remained the primary grain
processing method adopted by feedlot nutritionists in Brazil (44.4%). On the other hand, the
percentage of nutritionists who adopted only grain cracking has drastically reduced over the

years, from 57.6% (Oliveira and Millen, 2014) to only 2.8% of nutritionists in this survey.



O 00 N o u b~ W N R

T S
A W N P, O

15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32

17

The average granulometry of 3.2 mm for corn in Brazilian feedlots, reported by the
interviewed nutritionists, showed a slightly reduction when compared with the one of 3.6 mm
reported by Oliveira and Millen (2014). It seems that grain-processing methods improved over
the years in feedlot operations in Brazil, showing that nutritionists and feedlot owners were
determined to increase starch availability and also the energy content of finishing diets in Brazil.
In this survey, high-moisture harvesting and storage was the secondary preferred grain
processing method by more than 50.0% of the participating nutritionists. However, Brazilian
feedlots still have a long road to improve efficiency of grain processing, and adopt a more
extensive method, as first their option, such as steam-flaking or high-moisture, the primary
choices of grain processing methods for 87.5% of the nutritionists (70.6 and 16.7%,
respectively) in the US (Samuelson et al., 2016). As described before, flint type was the most
fed corn in Brazil, and the greater adoption of steam-flaking and high-moisture processing
methods would increase the proportion of starch that becomes available for ruminal
fermentation at similar levels of dent corn (Zinn et al., 2002).

The average inclusion level of grains from 51 to 65% was close to the ones of 51.5,
51.6, and 51.5% reported by Millen et al. (2009), Oliveira and Millen (2014), and Pinto and
Millen (2019), respectively. The percentage of nutritionists reporting inclusion levels of grains
from 36 to 50% decreased over the last 10 years from 22.6% (Millen et al., 2009) to 5.6% in
this survey; however, the percentage of consulting nutritionists reporting that their finishing
diets contained more 66% of grains increased from 6.5 to 38.9% (Figure 1), showing that

inclusion levels of grains in finishing diets in Brazil increased over the last decade.

Regarding the inclusion level of concentrate in the diets, 97.2% of the participants
recommended from 71 to 90% per kg of diet DM, which was 9.3% higher than the value
reported in the previous survey by Pinto and Millen (2019), and 39.1% higher than those
reported in the very first Brazilian survey (Millen et al., 2009) 10 years ago (Figure 2). Unlike
the data for feedlots covered by the American survey, in which 78.2% of nutritionists
recommended inclusions higher than 60% of grains (Samuelson et al., 2016), mostly steam-
flaked grains (70.8%), in the finishing diets, the present survey indicated that there is still a
window for improvement, not only in the extent of grain processing, but also in the inclusion
of grains in the finishing diets in Brazil. The increasing levels of grains in finishing diets, as
well as the slight improvement on grain processing methods, were indicators that the energy

content of finishing diets has increased over the last 10 years in Brazil.
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4.3. Sources of information on feed energy values

As in previous surveys, TDN was the most recommended energy unit (52.8%); however,
the use of TDN by feedlot cattle nutritionists decreased over the years (83.8%, Millen et al.,
2009; 78.8%, Oliveira and Millen, 2014; 69.7%, Pinto and Millen, 2019). Furthermore, the use
of NEg became more popular among feedlot nutritionists, as its utilization increased about 10%
over the last 10 years (16.7 vs. 6.5%; Millen et al., 2009). Nevertheless, despite the increasing
inclusion level of grains in the finishing diets, as well as the improvement of the grain
processing methods, the energy content of finishing diets in Brazil is still 12.5% lower than the
recommended by the US consulting nutritionists (1.33 vs. 1.52 Mcal of NEg/kg of diet DM;
Samuelson et al., 2016) when considering the 16.7% of the nutritionists who used NEg as

preferred energy unit to formulate their diets.

Regarding the main sources of information on feed energy values, RLM (Racéo de
Lucro Maximo, 2014) remained as the most cited source by 36.1% of the surveyed nutritionists.
The RLM was also reported by Oliveira and Millen (2014) and Pinto and Millen (2019) as the
most popular source of information for feed energy values among nutritionists in Brazil. The
eighth revised version of the NRC (NASEM, 2016) was cited by 11.1% of the surveyed

nutritionists, despite its relatively recent publication.
4.4. Use of coproducts

Whole cottonseed remained as the primary coproduct included in finishing diets in
Brazil, as reported by Millen et al. (2009), Oliveira and Millen (2014), and Pinto and Millen
(2019). The inclusion level of whole cottonseed decreased 0.4% (14.6 vs. 15.0%) when
compared with the survey conducted 10 years ago (Millen et al., 2009). In addition, the
inclusion level of citrus pulp pellets was 27.8% (Table 3), which was lower when compared
with inclusions reported in previous surveys (33.8%, Millen et al., 2009; 40.0%, Oliveira and
Millen 2014; 29.2%, Pinto and Millen, 2019). In this survey, it was reported for the first time
the inclusion of DDG into feedlot diets (at 15.0% of diet DM, on average) due to the expansion
of the grain milling industry for ethanol. Although the percentage of customers using some type
of coproduct increased when compared with the last survey (82.3 vs. 70.6%; Pinto and Millen,

2019), the level of inclusion of these ingredients decreased slightly.
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4.5. Roughage sources and levels and fiber analysis methods

The typical level of roughage inclusion in finishing diets recommended by the
nutritionists surveyed was 16.8% of diet DM (Table 4), which shows a 3.8% decrease when
compared with the previous survey conducted by Pinto and Millen (2019), confirming that the
level of roughage inclusion decreased, since the first survey was conducted 10 years ago (Millen
et al., 2009; Figure 3). The current level of roughage inclusion recommended by feedlot
nutritionists in Brazil was still above the levels used by US feedlot-consulting nutritionists
(Samuelson et al., 2016), in which 50 and 41.7% of nutritionists reported the use of inclusion
levels between 8 to 10% in summer and winter, respectively. As reported earlier, finishing diets
changed consistently in Brazil over the last 10 years, where roughage and coproducts were
partially replaced by cereal grains. Corn silage remained as the primary source of roughage in
finishing diets (Pinto and Millen, 2019). Samuelson et al. (2016) also reported that corn silage
was the roughage of choice of 37.5% of the nutritionists surveyed, followed by Alfalfa hay
(20.8%), for finishing diets in US. Since large feedlot operations are still expanding in Brazil,
fresh feeds, such as chopped sugarcane and sugarcane bagasse, were gradually replaced by
conserved feeds, e.g., corn silage, as reported in this survey. Furthermore, the greater use of
corn silage contributed for increasing the energy content of finishing diets in Brazil since it
presents the highest energy value among the roughages cited in this survey (Table 4; VValadares
Filho et al., 2016).

The methods of fiber analysis preferred by nutritionists in this survey was peNDF,
which was in agreement with Pinto and Millen (2019), who reported peNDF as the preferred
method as well. However, Millen et al. (2009) and Oliveira and Millen (2014) reported in the
past that NDF was the method of choice of most nutritionists in Brazil, which was a significant
change. Since energy content in finishing diets have increased in the last 10 years, the use of
peNDF is more accurate than NDF to monitor the particle size of feedlot diets, which is
mandatory to assure a minimum level of fiber to stimulate rumination and rumen buffering
(NASEM, 2016). In addition, the use of peNDF allows the nutritionist to identify and prevent
particle sorting, which may negatively impact health and performance of feedlot cattle (Rivera
et al., 2005).

The average dietary peNDF inclusion level of 14.3% was close to the 14.4% reported
by Pinto and Millen (2019) four years ago. This result agrees with Goulart and Nussio (2011),
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who recommended finishing diets containing from 10 to 18% dietary peNDF for Nellore cattle
in Brazil. For nutritionists who reported the use of dietary NDF, the current recommendation
of dietary NDF content in finishing diets as 21,8%, on average, which was 1.9% lower when

compared with the previous survey conducted by Pinto and Millen (2019).
4.6. Cattle adaptation methods

Receiving programs became more popular among feedlot nutritionists, based on the fact
that 10 years ago, 35.5% of the nutritionists interviewed did not adopt any type of receiving
program (Millen et al., 2009), which was really different compared with this survey, in which
only one nutritionist (2.8%, Table 5) did not recommend receiving programs. The use of
receiving programs is important so that cattle can recover from psychological agents and
physical stressors associated with management procedures and transporting (Marques et al.,
2012), such as feed and water deprivation (Swanson and Morrow-Tesch, 2001) that often lead

to impaired health and productivity during feedlot receiving (Araujo et al., 2010).

In agreement with previous surveys (Millen et al., 2009; Oliveira and Millen, 2014;
Pinto and Millen, 2019), including US surveys (Vasconcelos and Galyean, 2007; Samuelson et
al., 2016), multiple step-up diets were the preferred adaptation method reported by 22 (61.1%)
participants. Millen et al. (2009), liveira and Millen (2014), and Pinto and Millen (2019)
reported that when the multiple step-up diets program was the choice of the nutritionists, cattle
spent, on average, 17.1, 18.6, and 16.2 days, respectively, to adapt to finishing diets. However,
in the current survey, probably due to increasing energy contents of finishing diets reported
earlier, nutritionists were recommending an extended stay on adaptation to high-concentrate
diets, which were, on average, 19.2 days. Since the level of roughage inclusion in finishing
diets has been decreasing over the years, cattle may take a little longer to reach the expected
dry matter intake to receive the finishing diet (NASEM, 2016). However, this little increase in
adaptation length when multiple step-up diets method was used, still falls into the
recommendation that feedlot cattle, either in Brazil or US, should not be adapted in less than
14 days to high-energy diets (Brown et al., 2006; Parra et al., 2019), especially newly received
cattle coming from either nutritional restriction or previously exposed to supplementation of

concentrate feedstuffs (Pereira et al., 2020).

The average initial roughage concentration recommended by the nutritionists surveyed,
when the multiple step-up diets method was adopted, was 36.9%, which was lower than
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previous recommendations made in the past: 54.7% (Millen et al., 2009), 50.5% (Oliveira and
Millen, 2014), and 45.1% (Pinto and Millen, 2019). The greater level of grains inclusion, a
longer adaptation to high-concentrate diets, as well as the consistent adoption of peNDF among
feedlot cattle nutritionists in Brazil, may explain this reduction in the average initial level of

roughage for the adaptation period.
4.7. General feeding and bunk management

The percentage of nutritionists’ clients who used truck-mounted mixers and horizontal
mixers increased 38.5% (79.0 vs. 40.5%; Millen et al., 2009) and 47.7% (81.6 vs. 33.9%; Millen
et al., 2009), respectively, over the last 10 years. The percentage of nutritionists’ clients not
using any mixer was 10%, which was lower than the 33.4 and 16.2% reported by Millen et al.
(2009) and Pinto and Millen (2019), respectively. Results obtained in the present survey showed
that feedlot operations in Brazil evolved in terms of use of mixers, but there is still window for
growing, since some clients of the nutritionists still do not mix properly the feed delivered to
cattle. Certainly, the quality of ration mixing is variable among mechanic mixers available in
Brazil; however, it is reasonable to assume that the use of any mechanic mixer promotes better
mixing when compared with manual mixing or simply to unmixed rations, which is the case of
nutritionists’ clients who did not use any mixer. Pinto and Millen (2019) reported a significant
negative correlation between feedlot size and percentage of clients who did not use any type
mixer; however, in this survey, this correlation was no longer significant (r =—0.24, P = 0.15),
which may indicate that even small feedlot operations (<5,000 animals) are improving their
feeding management by acquiring mixers that, in many cases, are equipped with scales and

automated systems.

The increasing use of truck-mounted mixers allowed an increase in the percentage of
nutritionists’ clients using programmed delivery per pen, which increased 9.2% in the last four
years (Pinto and Millen, 2019) and 23.9% in the last 10 years (Millen et al., 2009; Figure 4). In
this survey, the correlation between the percentage of clients who did not use any mixer and
percentage of clients who adopted continuous delivery was significant (r = 0.32, P = 0.05), as
well as the correlation between feedlot size and percentage of clients who adopted continuous
delivery (r =—0.37, P<0.05), showing that it is difficult to adopt a ration delivery system using
a programmed delivery per pen at small operations and when no mixer is available. Therefore,

nutritionists may be cautious to recommend diets containing higher energy content in feedlot
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operations that adopted continuous feed delivery, especially those that fed less than 1,000
animals. On the other hand, the greater use of truck-mounted mixers, peNDF, and programmed
delivery per pen allowed nutritionists to increase the energy content of finishing diets in Brazil.
As a result, consulting nutritionists are able to collect more accurate data related to feeding
management and delivery from their client’s operations, which helps consultants to make
decisions and nutritional recommendations to improve performance and avoid digestive

disturbances, such as acidosis (Owens et al., 1998).

The water added at 12% to finishing diets during the process of mixing represented a
slight increase when compared with previous surveys (9.3%, Millen et al., 2009; 11.0%,
Oliveira and Millen, 2014; 10.2%, Pinto and Millen, 2019), but the percentage of clients who
added water to feed increased about fourfold (45.1 vs. 10.2%, Millen et al., 2009) over the last
decade. The increasing percentage of clients that added water to finishing diet was associated
with TDN content (r = 0.66, P<0.01), but not with inclusion level of concentrate (r = 0.19, P =
0.26), showing that the addition of water to finishing diets may be alternative to decrease diet
DM content when needed. Despite this increase in the percentage of clients who added water
to feed, DM in finishing diets increased from 59.9 (Millen et al., 2009) to 65.4% (Table 7),
which was caused by a higher inclusion of grains. The average mixing time recommended by
the nutritionists was 6.1 min, which is 2.4 min shorter when compared with the first survey
conducted in Brazil 10 years ago (Millen et al., 2009) and may be related to the decreased level
of roughage inclusion in the finishing diets reported in previous surveys (Millen et al., 2009;
Oliveira and Millen, 2014; Pinto and Millen, 2019).

About 67% of the nutritionists surveyed reported that most of their clients fed cattle four
times a day, which agrees with the survey conducted by Pinto and Millen (2019) four years ago.
Apparently, the greater use of truck-mounted mixers, as well as programmed deliveries per pen
and the lower roughage inclusion, makes the planning of feeding frequency more organized
without requiring extra deliveries eventually. Ten years ago, Millen et al. (2009) reported that
36.8% of the nutritionists interviewed declared that their clients used to feed cattle five times a
day or more. It has been reported in the literature that feedlot performance improved when
Nellore cattle, the predominant breed at Brazilian feedlot, were fed from three to four times a
day compared with one to two times daily (Silva et al., 2018). Furthermore, the correlation
between feeding frequency and feedlot size was not significant (r = 0.07, P = 0.68), showing

that feedlot size is not the main factor affecting feeding frequency planning. On the other hand,
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a correlation was found to be significant (r = 0.42, P<0.01) between feeding frequency and
inclusion level of concentrate, which is excellent to avoid overconsumption of feed in some of
the meals, which could possibly increase DMI fluctuation and lead to ruminal acidification
(Schwartzkopf-Geinswein et al., 2004).

As energy content of the finishing diets has increased and level of roughage inclusion
has decreased, bunk space per animal reported by nutritionists interviewed decreased 5 cm
(Table 7) when compared with previous survey (36 vs. 41 cm; Pinto and Millen, 2019).
Moreover, a significant correlation (r = —0.50, P<0.01) was observed between feedlot size and
bunk space, demonstrating that larger feedlot operations are adopting diets containing higher
inclusions of grains, which allows them to provide a shorter bunk space per animal. Likewise,
there was a correlation between bunk space and percentage of clients who adopted continuous
delivery (r = 0.50, P = 0.02). However, the correlation between bunk space and feeding
frequency, and bunk space and inclusion level of roughage, was not significant in this study (r
=0.02, P =0.87; and r = 0.27, P = 0.12; respectively). The average area per animal in a pen

reported by the nutritionists interviewed was 15.2 m2,

With respect to bunk management, about 45% of nutritionists reported that their clients
use clean-bunk management, which was an evolution when compared with Pinto and Millen
(2019), in which nutritionists reported that most of their clients left 1-3% orts. Furthermore, a
correlation was found between bunk management and feedlot size (r = —0.30, P = 0.05),
confirming that shifting to a clean-bunk management was a required evolution when feedlot
operations became larger. However, bunk management was not directly associated to the energy
content of finishing diet, as the correlation between TDN content and bunk management was
not significant (r = —0.24, P = 0.32).

The use of sprinklers in feedlot pens was reported by 44.4% (n = 16) of the nutritionists,
a 15.6% decrease when compared with the previous survey (Pinto and Millen, 2019). However,
if this decreased use of sprinklers is associated with increasing respiratory diseases issues, it

remains unknown; since nutritionists were not questioned about it.
4.8. Management of newly received cattle

The use of only BW to sort cattle at feedlot arrival was the primary method adopted by

73.9% of the participants’ clients in this survey, and in past surveys as well (Millen et al., 2009;
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Oliveira and Millen, 2014; Pinto and Millen, 2019), including the US survey (56.3%;
Samuelson et al., 2016).

4.9. Cattle performance information

As reported in past surveys (Millen et al., 2009; Oliveira and Millen, 2014; Pinto and
Millen, 2019), bulls remained as the predominant type of cattle fed in Brazilian feedlots (by
87.5% of the clients; Table 8). In addition, the final weight of bulls increased about 30 kg when
compared with the previous survey (Pinto and Millen, 2019), and 55 kg over the last 10 years
(Millen et al., 2009). Heavier final weights were also observed for heifers, calves, cull cows,
and steers. However, the initial weights remained practically unaltered over the last 10 years
(Millen et al., 2009). Considering that the mature weight of Nellore cattle, which is the
predominant breed in Brazil and also in Brazilian feedlots (fed by 75.3% of nutritionists’ lients),
ranges between 560 and 580 kg (Fox et al., 1992), nutritionists have been taking advantage of
feed efficiency of cattle slaughtered at lighter weights when compared with mature weight of
Nellore animals (Owens et al., 1995) to explore carcass deposition and increase dressing
percentage. Certainly, the increasing energy content in finishing diets in Brazil was one of the
factors that led to heavier weights at slaughter. In addition, bulls, and heifers, calves, cull cows,
and steers, have been fed for longer periods, which also contributes to increase slaughter
weights. The number of days on feed increased about 23 days for bulls and 21 for heifers when
compared with the first Brazilian survey conducted 10 years ago (Millen et al., 2009). In the
last four years, the Brazilian markets and the packing plants increased the requirement for
minimum fat cover (5 mm on backfat of carcasses) and started paying bonuses for it. However,
there is no national grading system established by the Ministry of Agriculture and Livestock,
and each packing plant has developed its own system for carcass grading according to their

markets.
4.10. Recommended nutrient composition for finishing diets

The average dietary fat concentration in finishing diets (DM basis) was 5.22%, which
is greater than the 5.0% reported by Pinto and Millen (2019), and even greater than the 4.7%
observed by Millen et al. (2009) ten years ago. For maximum inclusion of dietary fat,
nutritionists interviewed in this survey recommended 6.64%, which represents an 8.8% increase
in the last decade (Millen et al., 2009). Levels of dietary fat higher than 7.0% (DM basis) may
negatively impact fiber digestion in the rumen (Oldick and Firkins, 2000); however, it seems
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that Brazilian nutritionists were aware of this fact by recommending both average and
maximum dietary fat concentrations below 7% of diet DM. Along with increasing levels of
both grains and concentrate, the greater dietary fat concentration recommended in the current

survey is also contributing to increase energy content of finishing diets in Brazil.

Protein recommendations did not change much on the course of the last ten years, and
values reported in this survey were similar to previous ones (Millen et al., 2009; Oliveira and
Millen, 2014; Pinto and Millen, 2019). As discussed earlier, Brazilian cattle has typically been
slaughtered before reaching the mature weight, which supports the unaltered nutritionists’
recommendations of protein over the last decade, since this type of cattle requires more
metabolizable protein for muscle protein synthesis (NASEM, 2016). Moreover, in US feedlot
system, the average CP concentration recommended by consulting nutritionists was 13.4% (DM
basis; Samuelson et al., 2016), which is quite similar to the 13.7% reported in this survey. In
the last and eighth revised version of the NRC (NASEM, 2016), the requirements of RDP have
been revisited, and from now on, nutritionists in US and Brazil may want to revise their protein
recommendations to meet a lower ammonia and RDP requirements, based on the fact that the
current model assumes that all RDP will be used for microbial protein synthesis. Feedlot
performance is usually limited by energy, and adjustments in finishing diets in that direction
(less protein and more energy) may increase slaughter weights beyond maturity, and positively
impact fat cover of carcasses of feedlot cattle in Brazil (NASEM, 2016). In this case,
formulation of diets for RDP would be less important, and this may explain why only one-third
of feedlot nutritionists in US formulated for RDP (Samuelson et al., 2016). It is noteworthy that
soybean meal remained as the primary source of plant-based protein used in finishing diets in
Brazil; however, it was the first time that distillers grains were cited among the main sources

of plant-based protein used by the nutritionists (Table 9).

The average Ca concentration recommended by the surveyed nutritionists for finishing
diets was 0.63% of diet DM, value that is greater than 0.58% (DM basis) reported by Millen et
al. (2009); however, both values still met the NASEM (2016) recommendations. Furthermore,
the 0.30% of diet DM recommended for P was similar to the value reported by Millen et al.
(2009) 10 years ago and agreed with recommendations of NASEM (2016) and Samuelson et
al. (2016). The K concentration decreased slightly after 10 years (0.75 vs. 0.83% of diet DM;
Millen et al., 2009); however, S concentrations increased about 12% (0.19 vs. 0.17%; Millen et

al., 2009), which was consistent with increasing levels of energy in finishing diets, since
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increased synthesis of microbial protein requires more S, especially for amino acids such as
methionine, cysteine, and cystine (NASEM, 2016). Recommendations of nutritionists for Mg
in finishing diets increased when compared with the reported by Millen et al. (2009) ten years
ago (0.18 vs. 0.16%).

In this survey, the recommended concentrations of trace minerals values increased
slightly (Table 10), but it still met NASEM (2016) recommendations, and were less than those
reported by feedlot cattle nutritionists in US (Samuelson et al., 2016), which may be a result of

the use of different feedstuffs and energy levels in finishing diets between Brazil and the US.

The values for vitamin concentrations in this survey (Table 10) were greater than those
reported by Millen et al. (2009) and were in accordance with the recommendations of NASEM
(2016), differently from what was reported in 2009, in which these values were below the
recommendations (Millen et al., 2009). In terms of vitamin A, the American nutritionists
recommended 4,715 1U/kg (Samuelson et al., 2016), which was 82% greater than the
recommended by Brazilian nutritionists. The higher inclusion of roughages in finishing diets in
Brazil compared with USA may explain these differences in vitamin A recommendations, since
tropical roughages contain significant amount of this vitamin in their composition (Reynoso et
al., 2004).

Sodium monensin, the most popular feed additive among feedlot consulting nutritionists
(Table 10), is an ionophore, which has been cited in all past Brazilian (Millen et al., 2009;
Oliveira and Millen, 2014; Pinto and Millen, 2019) and American surveys (Samuelson et al.,
2016) as the primary type of feed additive used in finishing diets. Virginiamycin has been cited
as the secondary feed additive used by their clients in finishing diets, since the combination of
monensin and virginiamycin in finishing diets has become popular in the past four years based
on promising results related to increasing carcass weight (Rigueiro et al., 2020). However, we
cannot guarantee, based on the results of this survey, that all nutritionists’ clients that use
virginiamycin as secondary feed additive also use sodium monensin as their primary feed

additive.
4.11. Sources of information

When asked about nutritional models they used, the RLM was the most common

nutritional model used by the nutritionists (30.6%), as also reported previously by Pinto and
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Millen (2019) four years ago (36.7% of the responses); however, considering new and old
versions of the NRC publications, 33.4% of the nutritionists reported that they used some of its

versions as the nutritional model of choice.

Regarding source of scientific or general information, the Journal of Animal Science
remained as the most popular source among Brazilian nutritionists over the past 10 years
(Millen et al., 2009; Oliveira and Millen, 2014; Pinto and Millen, 2019).

4.12. Problems reported by the nutritionists

Respiratory diseases in general, as well as acidosis, were already cited in previous
surveys (Millen et al., 2009; Oliveira and Millen, 2014; Pinto and Millen, 2019) as the primary
and secondary issues related to animal health in Brazilian feedlots. We point out that the
percentage of the nutritionists reporting respiratory diseases as the major health problem
increased 19.7% when compared with the last survey (Pinto and Millen, 2019). However,
mortality rate reported by the nutritionists in the feedlots they serviced was a little lower (0.57
vs. 0.76%) than the reported by Pinto and Millen (2019).

Past surveys indicated the lack of trained employees (63.0%; Millen et al., 2009) and
availability and accuracy of equipment (58.1%; Oliveira and Millen, 2014) as the major
challenges; however, in this survey, nutritionists (61.1% of the responses) indicated
administration and management as the most challenging issues to put their nutritional
recommendations into practice. Due to the fact that Brazilian feedlots increased their
investments on feeding technologies, we assumed that employees have been subjected to more
rigorous training to operate machinery and computer-based devices; however, the major
challenge now is to manage and organize all the processes present in the feedlot and coordinate
these with nutritional recommendations, which include time of feeding, mixing time, feeding

frequency, and so on.

5. Conclusions

The present survey provides an overview of nutritional and management
recommendations currently adopted by feedlot nutritionists in Brazil. Brazilian feedlots have
clearly improved feeding management over the last 10 years, which included a greater use of
truck-mounted mixers, allowing about 70% of the nutritionists’ clients to adopt programmed

deliveries per pen. Moreover, the greater use of physically effective neutral detergent fiber and
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energy units based on calories, allowed nutritionists to monitor the amount of fiber and energy
being offered more accurately, resulting in an increased energy content of finishing diets by
including either more grains or fat. This has certainly contributed to increase the final weights
of all types of cattle fed in Brazilian feedlots. Regarding the critical issues, utilization of starch
has not yet been optimized in Brazilian feedlots after 10 years, because fine grinding remains
the primary utilized grain-processing method. However, high-moisture harvesting and storage
appeared as the secondary grain-processing method of use, possibly indicating that Brazilian
nutritionists have been interested in improving starch utilization of finishing diets, as the
inclusion levels of energy is closer to those reported by the American feedlot nutritionists than
ever before. Dried and wet distillers grains were cited for the first time in a Brazilian survey
among the concentrate coproducts used in finishing diets, and studies associating inclusion
levels of distillers grains for Nellore cattle, as well as for typical feedlot diets in Brazil, are still
scarce (Ferreira et al., 2020). In addition, cattle finished in Brazilian feedlots have been
slaughtered at heavier weights, deserving further attention of scientists, as nutritional
adjustments will be needed during the feeding period to achieve Brazilian market requirements

for fat cover and carcass weight.
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CAPITULO 3 “Relationships of the Microbial Communities with Rumen
Epithelium Development of Nellore Cattle Finished in Feedlot Differing in
Phenotypic Residual Feed Intake”

(Artigo publicado na Revista Animals,2022, 12, 820, doi.org/10.3390/ani12070820)



O 00 N o u b~ W N R

N NN R R R R R R R Ry Ry R
N B O VW 00 N O U1 b W N KL O

23
24

25

26
27
28
29
30
31

15

Abstract: The objective of this study was to examine the relationships among ruminal
microbial community, rumen morphometrics, feeding behavior, feedlot performance, and
carcass characteristics of Nellore cattle, classified by residual feed intake (RFI). Twenty-seven
Nellore yearling bulls with an initial body weight (BW) of 423.84 + 21.81 kg were fed in feedlot
for 107 d in individual pens to determine the RFI phenotype. Bulls were categorized as high
RFI (>0.5 SD above the mean, n = 8), medium RFI (£0.5 SD from the mean, n = 9), and low
RFI (<0.5 SD below the mean, n = 10). At harvest, whole rumen content samples were collected
from each bull to evaluate ruminal microbial community, including bacteria and protozoa. The
carcass characteristics were determined by ultrasonography at the beginning and at the end of
the experimental period, and behavior data were collected on d 88. As a result of ranking
Nellore bulls by RFI, cattle from low-RFI group presented lesser daily dry matter intake (DMI),
either in kilograms (p < 0.01) or as percentage of BW (p < 0.01) than high-RFI yearling bulls,
resulting in improved gain:feed (G:F). However, variables, such as average daily gain (ADG),
final BW, hot carcass weight (HCW) and other carcass characteristics did not differ (p > 0.05)
across RFI groups. The eating rate of either dry matter (DM )(p = 0.04) or neutral detergent
fiber (NDF) (p < 0.01) was slower in medium-RFI yearling bulls. For ruminal morphometrics
an RFI effect was observed only on keratinized layer thickness, in which a thinner layer (p =
0.04) was observed in low-RFI Nellore yearling bulls. Likewise, Nellore yearling bulls
classified by the RFI did not differ in terms of Shannon’s diversity (p = 0.57) and Chao richness
(p = 0.98). Our results suggest that the differences in feed efficiency of Nellore bulls differing
in phenotypic RFI should be attributed to metabolic variables other than ruminal

microorganisms and epithelium, and deserves further investigation.

Keywords: carcass; feed efficiency; Nellore; performance; ruminal epithelium; 16S ribosomal
RNA

1. Introduction

Feed efficiency has been a variable of interest for many scientists in the last couple of
decades, and it is related to the potential to improve animal performance and reduce production
costs [1]. Likewise, the genetic selection of cattle presenting an improved feed efficiency is a
reality worldwide [2]. It is well known that a variation in dry matter intake is present
independent of body size and growth rate, and this variation was defined by Koch et al. [3] as
residual feed intake (RFI), a measure of feed utilization efficiency by animals. Due to the
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improvement in feed efficiency in studies utilizing Bos taurus animals, a negative correlation
was found between low-RFI animals and subcutaneous and intramuscular fat deposition [4,5];

however, for Nellore cattle, those responses were not confirmed [6-8].

Fat tissue deposition may negatively impact feed efficiency, since body fat has greater
energy expenditure for its synthesis [9]. In addition, there is a very large variation in RFI across
genetic groups, and even within breed itself, since the biological processes [1,10] involving
these variations are not completely understood. Furthermore, the association of RFI variation
in beef cattle with empty body composition seems to explain only a small part of the total
variation in RFI [11]. Typically, cattle presenting high intakes, also present poor feed efficiency
[12] due to their high energy intake, which would lead to greater deposition of fat. Higher
intakes, especially in conditions where high-concentrate diets are fed, may predispose animals

to metabolic disturbances [13], which may also negatively impact the efficiency of the animals.

As a result, a study was carried out to assess morphometric and histological characteristics
of the rumen [14], in an attempt to explain the improved feed efficiency of low-RFI animals
and its association with the absorptive capacity of rumen epithelium for products from
fermentation. This has also been associated with the development of absorptive epithelium, in
which cattle showing improved feed efficiency enhanced the absorption and metabolism of
short-chain fatty acids (SCFA) [15], since these meet approximately 70% of the energy
requirement of beef cattle [16]. These absorption processes have been related to increased
mitochondrial activity due to transcriptional effects of proteins associated with oxidation, as

well as epithelial integrity [17].

However, even though the absorptive capacity of the rumen plays an important role in the
ability to use the fermentation products to determine feed efficiency of cattle, another variable
that must be considered is the microbial community present in the rumen, which are responsible
for the production rate of SCFA in the fermentation process. Therefore, studies associating RFI
with the microbial community of the rumen may help to clarify some differences in microbial
composition [18,19]. The microbial community of animals seems to be peculiarly intrinsic to
each animal [20], in addition to what can be changed over the life of the animal according to
changes in its diet [21]; therefore, this may help explain differences in animal feed efficiency

[22]. The objective of this study was to examine the differences in the ruminal microbial
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1 communities between Nellore cattle groups differing in RFI, as well as the RFI effects on

2 performance, carcass traits, ruminal traits and feeding behavior.
3 2. Materials and Methods
4 2.1. Description of Animals, Feeding and Management

5  The study was conducted using twenty-seven 20-month-old Nellore yearling bulls (423.84 +
6 21.81 kg) fed in individual pens (6.0 x 12.0 m2) for 107 days with water available via water
7 trough.

8  Cattle went through a receiving program, in which they were all de-wormed and vaccinated

9  (tetanus, bovine viral diarrhea virus, 7-way Clostridium sp.; Cattle master and Bovishield,
10  Pfizer Animal Health, New York, NY, USA). For the adaptation program for the finishing diet
11 (85% concentrate), yearling bulls were stepped up through three adaptation diets containing
12 70%, 75%, and 80% concentrate for 6, 3 and 5 d, respectively (Table 1). Diets were formulated
13 according to The Large Ruminant Nutrition System [23]. The yearling bulls were fed ad libitum
14  twice a day, at 0800 h (55% of total ration) and 1500 h (45% of total ration), targeting 1% to
15 5% orts. Therefore, cattle received the same diet in each phase and were transitioned at the same

16  time through adaptation up to the finishing diet.

17  Table 1. Feed ingredients and chemical composition of the experimental high-concentrate
18  diets offered for all RFI-groups of Nellore yearling bulls (n = 27).

19
Diets Adaptation 1 Adaptation 2 Adaptation 3 Finishing
Level of concentrate, % of DM 70 75 80 85
Sugarcane bagasse 18.0 16.0 14.0 12.0
Cynodon dactylon hay 12.0 9.0 6.0 3.0
Cracked corn grain 42.0 48.0 54.0 60.0
Citrus Pulp 8.0 9.5 11.0 12.5
Soybean meal 16.6 14.1 11.3 8.8
Supplement * 3.4 3.4 3.7 3.7
Nutrient content, % of DM 2
DM 3, % of OM* 77.0 77.0 77.0 78.0

TDN® 70.0 72.0 74.0 76.0
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cp® 16.1 15.5 15.1 14.5
NDF ’ 34.8 31.7 28.6 25.4
peNDF & 27.0 24.0 20.0 17.0
NEg (Mcal/kg of DM) ® 1.03 1.09 1.13 1.19
Ca 0.57 0.55 0.53 0.51
p 0.31 0.31 0.32 0.31

1 1 Supplement contained for adaptation 1 and 2, and adaptation 3 and finishing, respectively, 26.47% and 44.44% of urea as a

2 N source, 2.94% and 3.7% of mycotoxin adsorbent (Mycosorb; Alltech do Brasil Agroindustrial LTDA.; Araucaria, PR), 0.79%

3 and 1.00% of monensin (Rumensin 200; Elanco saude animal Ltda, Baueri, SP, Brasil), as well as 69.79% and 50.85% of

4 mineral supplement (DE Heus Industria e Comercio de Nutricdo Animal LTDA ; Rio Claro, SP) Ca: 24.0%; P: 2.0%; Mg:

5 2.5%; Na: 8.6%; S: 2.5%; Co: 24 .0 ppm; Cu: 400.0 ppm; Fe: 30.0 ppm; Mn: 1000.0 ppm; Se: 8.0 ppm; Zn: 1800.0 ppm. 2

6 Estimated by equations according to the Large Ruminant Nutrition System (Fox et al., 2004). 3 DM = dry matter.  OM =

7 original matter. STDN = total digestible nutrients. ¢ CP = crude protein. 7 NDF = neutral detergent fiber. 8 peNDF = physically

8 effective NDF. °NEg = net energy for gain.

9

10 The measurement of daily dry matter intake (DMI), expressed in kilograms and as a
11 percentage of BW (mean BW), were performed by weighing what was offered daily (DM basis)
12 minus the feed refusals of the next day (DM basis). At the beginning and at the end of the
13 experiment, cattle were withheld from feed for 16 h to obtain initial and final BW. In order to
14  estimate net energy both for maintenance and gain, the methods described by Lofgreen and
15  Garrett [24], NRC (National Research Council) [25], and Zinn and Shen [26] were employed,
16  and the relationship between these calculated values and the predicted values [23] was

17  established.

18 At the beginning, and at the end of the experiment, longissimus muscle area (LMA),
19  marbling content, biceps femoris fat thickness (P8), and 12th rib fat thickness were measured
20  viaultrasound, as proposed by Perkins et al. [27]. Images were taken and analyzed for a single
21  trained technician using an ultrasound containing the following specifications: Aloka SSD-
22 1100 Flexus RTU unit (Aloka Co. Ltd., Tokyo, Japan) with a 17.2-cm, 3.5-MHz probe. The
23 animals were slaughtered in a commercial abattoir using a captive bolt device The HCW was
24  obtained after KPH fat removal, and the dressing percentage was calculated by dividing HCW
25 by final BW.

26
27 2.2. Determination of Treatment by Divergence of RFI Groups
28 The study was planned as a completely randomized design, in which animal was considered

29  the experimental unit. The experimental treatments were determined at the end of the
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experiment considering the data observed for metabolic BW (BW®"®) and ADG of the animals
to obtain the RFI, which was calculated by the residue of the regression equation of observed
DMI as a function of average daily gain (ADG) and average met-abolic BW (BW? ") [28]:

DMI = B0 + B x BW + 2 x ADG +¢, (1)

where B0 is the y intercept, B1 is the partial regression coefficient of midtest BW%™, B2 is
the partial regression coefficient of ADG, and ¢ is the error term.

Average daily gain during the test period was calculated by the difference between the
initial and final weight, and the average between these two was used to calculate the BW®'® and
the G:F (overall ADG/overall DMI).

Residual BW gain (RG) was calculated as proposed by Crowleys et al. [29], where it was
determined as the residual of the observed ADG regression equation as a function of DMI and

average BWO7°;
ADG = B0 + 1 x BWO™ + B2 x DMI + ¢, (2)

where terms are the same as described above, with the exception that B2 is the partial

regression coefficient of DMI, and ¢ is the error term.
The Kleiber ratio was obtained by dividing ADG by average BW° " [30].
2.3. DMI Variations

Daily DMI variation was determined by the difference in intake between consecutive days
throughout the study [31]. Daily DMI variation was tabulated and then expressed as percentage

of DMI (considering absolute values) according to the equation below, as well as in kilograms:

DMI variation, % = [(DMIcurrent day (kg) - DMIprevious day (kg))/DMlprevious day
(kg)] x 100 (3)

2.4. Feeding Behavior and Particle Sorting

The collection of data on feeding behavior took place on day 88 of the study following a
method adapted from Robles et al. [32]. Data were recorded every 5 min during a 24-h period

for each animal considering time spent eating, ruminating, resting (expressed in minutes), and
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number of meals per day, where a meal was considered the noninterrupted time cattle stayed in
the feed bunk eating the ration.

On the day of the feeding behavior, the collection of samples of diets and orts were
collected for chemical analysis of DM and NDF [33] to determine: intake of DM, intake of
NDF, eating rate of DM (ERDM) and NDF (ERNDF), and rumination rate of DM (RRDM)
and NDF (RRNDF), which were expressed in minutes per kilogram of either DM or NDF.

The Penn State Particle Size Separator was used for determination of particle-size
distribution [34]. Particle sorting was determined as follows: n intake/n predicted intake, in
which n = particle fraction screens of 19 mm (long), 8 mm (medium), 1.18 mm (short), and a
pan (fine). Selective consumption values equal to 1 indicate no sorting, those <1 indicate

selective refusals (sorting against), and those >1 indicate preferential consumption (sorting for).
2.5. Ruminal and Cecum Morphometrics

At harvest, scores for rumenitis and cecum lesions were performed in washed epitheliums
after cattle evisceration. Rumen and cecum epithelium were classified according to Bigham and
McManus [35] using a scale from 0 (no lesions and abnormalities noted) to 10 (severe ulcerative
lesions). All rumens and cecum were scored by two trained individuals, who were blinded to

the treatments.

The 1 cm? samples of the ruminal epithelium were collected, as described by Resende
Junior et al. [36] and placed into a 70% alcohol solution for macroscopic measurements, such
as: number of papillae per square centimeter of rumen wall (NOP); mean papillae area (MPA)
and rumen wall absorptive surface area (ASA), which was calculated as follows: 1 + (NOP x
MPA) - (NOP x 0.002).

For microscopic evaluations, 1 cm? samples from both rumen and cecum epithelium were
collected as described by Odongo et al. [37]. Histological rumen measurements, such as papillae
height, papillae width, papillae surface area, keratinized layer thickness, and the mitotic index,
were determined in 10% of total papillae population, based on NOP, per nimal using computer
aided light microscope for image analysis. For the mitotic index, the number of cells exhibiting
mitotic figures was determined using the same microscope just described, and the final data

were expressed as a percentage of 2000 cells. Histological measurements of the cecum were
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adapted from measurements of the rumen as described by Devant et al. [38] and Pereira et al.
[39]. An electron light microscope with a Leica Qwin Image Analyzer was used to evaluate:

crypt depth, goblet cells, enterocytes and crypt depth:goblet cells.
2.6. Collection and Preparation of Rumen Samples

The samples used for counting protozoa, and to study the ruminal bacterial community
composition, were collected right after slaughter, by opening the rumen of the animals. The
preparation, counting and differentiation of protozoa was performed according to the
methodology described by Pinto et al. [40], in which samples were analyzed using a Neubauer
Improved Bright-Line counting chamber (Hausser Scientific Partnership R, Horsham, PA,
United States) with optical microscopy (Olympus CH-2 R, Japan; Dehority, 1993) [41].
Protozoa were differentiated by genus: Isotricha, Dasytricha, Entodinium, and Diplodinium.
The samples intended for the sequencing of the microbial community were collected by a
trained person, and properly prepared with gloves to avoid contamination. A 50-mL amount of
the rumen contents was then collected, including solid and liquid phases, and stored in tubes
free of DNA and RNA, which were stored at -80°C.

After thawing, samples were processed to isolate DNA following the procedure detailed in
Weimer et al. [20] and Pinto et al. [40]. The microbial DNA was amplified using the PCR
technique [41], in which, were used universal primers amplifying the 4 variable regions of the
bacterial 16S rRNA gene (F-GTGCCAGCMGCCGCGGTAA; R-
GGACTACHVGGGTWTCTAAT), as described by Kozich et al. (2013) [3]. Sequences were
demultiplexed according to their sample-specific indices on an lllumina MiSeq, and deposited
into the National Center for Biotechnological Information’s Short Read Archive, and is
available under BioProject Accession PRINA641164. Before reading, the samples were
cleaned, as described by Pinto et al. [41], for removal of non-bacterial DNA contamination, and

the software Mothur (v. 1.41.1) was used for further processing [42].

The SILVA 16S rRNA gene reference alignment database (v132; Quast et al., 2013) [43]
was used to screen for alignment to the correct region. Pre-clustering was performed (diffs = 2)
to reduce error and chimeras were detected and removed using UCHIME [44]. The GreenGenes
database [45], August 2013 release, was used to classify sequences with a bootstrap value cutoff
of 80. Sequences classified to cyanobacteria, mitochondria, Eu-karya, or Archaea were

removed. Single-tons were removed to streamline analysis.
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2.7. Statistical Analysis

The variables evaluated in the experiment were analyzed using the MIXED procedure od
SAS (SAS 2003; SAS Institute, Cary, NC, USA) and the Tukey’s test to compare means, which
was considered significant at p < 0.05. Tests for normality and heterogeneity of variances were
performed prior to data analysis. An initial measurement covariate was added to the model
when appropriate (p < 0.05).

Bacterial sequences were grouped into operational taxonomic units (OTUs) at 97%
sequence similarity. Good’s coverage [46] was calculated in Mothur for all samples, consid
ering >0.95 as having sufficient sequencing depth. The OTU counts were normalized to 10,000
sequences per sample, and the normalized counts of OTUs by sample were used for further
analysis. Alpha diversity was assessed using Chao’s [47] estimate of species richness and
Shannon’s [48] diversity index. Differences in community diversity and richness were assessed
by overall 2-way ANOVA in R v3.2.1 (R Core Team, 2011) [49]. Beta diversity was assessed
by using non-metric multidimensional scaling to visualize differences between samples using
the Bray—Curtis dissimilarity metric [50]. Changes in total community structure (relative
abundance, Bray—Curtis metric) were assessed using permutational multivariate ANOVA
(PERMANOVA) in R (vegan package; v 2.5-2) [51]. Pairwise comparisons between each group
were quantified by PERMANOVA, and p-Values were FDR(false discovery rate)-corrected.

3. Results

The regression equation developed for DMI in this study was fitted without intercept, given
that it was not significant (p = 0.23). The initial 12th rib fat and P8 fat thickness were also tested
in the model (p = 0.61 and p = 0.39 respectively). The final fitted equation was:

DMI (kg/d) = 0.0544 x BW®™ + 2.9659 x ADG; r2 = 0.996. (4)

Based on the residues obtained with the observed DMI data versus predicted DMI by
Equation (4), animals were divided into: high-RFI group (8 animals), medium-RFI group (9

animals) and low-RFI group (10 animals).
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3.1. Feedlot Performance and Carcass Characteristics

The residuals between the values predicted and observed by the regression for each animal
are shown in Figure 1. The average of the residues for the high, medium and low RFI treatments
were: 0.74, - 0.04 and - 0.58, respectively. The difference in DMI between high- and low-RFI
yearling bulls observed in this study was 1.280 kg daily on average. Low-RFI animals (more
efficient) consumed - 0.58 kg/d, and high-RFI animals (less efficient) consumed + 0.74 kg/d
for similar ADG (Table 2).

Residual Feed Intake, kg
=)
a1
o

[
o
S

-1,50

B High ©—=——3Medium ®=®@low ----SD ----SD

Figure 1. Residual feed intake for animals (n = 27) classified by BW®' and ADG by the
following regression equation: DMI (kg/d) = 0.0544 x BW0.75 + 2.9659 x ADG. low RFI (<-
0.579 kg/d; less than mean minus 0.5 SD), medium RFI (-0.039 to 0,135 kg/d; £0.5 SD of t the
mean) and high RFI (>0.743 kg/d; greater than mean plus 0.5 SD).

In order to justify the classification by the intake of these animals, those in the high-RFI
group had higher DMI expressed in kilograms (p < 0.01) and as a percentage of BW (p = 0.02);
however, DMI was similar when cattle from medium- and low-RFI groups were compared (p
> 0.05). The low-RFI animals improved G:F when compared to high- and medium-RFI groups.
Likewise, RG was lower for high-RFI group (p = 0.03) than for low-RFI animals; however, the

Kleiber ratio was not different across treatments (p = 0.45).
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1  Table 2. Feedlot performance and carcass characteristics of Nellore bulls consuming high
2 concentrate diets classified by residual feed intake (RFI).

RFI Group

Variable SEM 13 p-Value

High Medium Low
n 8 9 10
Feedlot Performance
RFI %, kg/d 0.74% —0.04° -058°¢ 0.064 <0.01
Initial BW 2, kg 435 421 422 6.4 0.29
Final BW, kg 566 551 563 9.0 0.54
Daily DMI 3, kg 10.27% 9.09°  8.99° 0270 <0.01
Daily DMI, % BW 2062 1.90° 183" 0048 0.02
DMI Variation 4, % 6.86 6.10 6.64 0.420 0.34
DMI Variation, kg 0.60 0.54 0.55 0.025 0.27
ADG °, kg 1.31 1.17 1.29 0.084 0.54
G:F 8, kg/kg 0.125° 0.128° 0.1432% 0.0046 0.02
BW%77 kg 105 104 105 0.7 0.54
RG 8, kg/d —-0.085° —0.048% 0.0992 0.0379 0.03
Kleiber ratio, g gain/kg 0.012 0.011 0.012 0.0007 0.45
Hot carcass weight, kg 307 297 308 4.3 0.22
Dressing percentage 54.51 53.89 5440 0371 0.44
NEm, Mcal kg of DM 1.93 1.93 1.91 0.039 092
NEg, Mcal *%/kg of DM 1.29 1.28 1.26 0.034  0.92
NEmM/NEm expected 1.05 1.05 1.03 0.021 0.87
NEg/NEg expected 1.06 1.06 1.04 0.028 0.86
Carcass characteristics
Initial LMA 1, cm? 70.0 69.0 70.4 1.62 0.71
Final LMA, cm? 83.8 82.2 81.4 1.19 0.39
LMA daily gain, cm? 0.133 0.118 0.110 0.0114 0.39
Initial 12th rib fat, mm 3.1 3.1 3.0 0.15 0.87
Final 12th rib fat, mm 5.3 5.0 55 0.31 0.50
12th rib daily gain, mm 0.023  0.017 0.023  0.0028 0.32

Initial P8 12 fat thickness, mm 4.3 4.4 4.0 0.25 0.50
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Final P8 fat thickness, mm 7.3 6.9 6.9 0.39 0.87

P8 fat daily gain, mm 0.030 0.025 0.025 0.0032 0.47

Initial Marbling 2.1 2.4 2.1 0.21 0.59

Final Marbling 2.3 2.6 2.4 0.18 0.55
! RFI = Residual feed intake. 2 BW = body weight.  DMI = dry matter intake. * DMI variation = difference between
intake in consecutive days. > ADG = average daily gain. ® G:F = gain to feed ratio. 7 BW®"® = metabolic weight. 8

RG = residual weight gain. ® Net energy for maintenance. ° Net energy for gain. ** LMA = longissimus muscle
area. 12 P8 = fat thickness measured on biceps femoris muscle. ** SEM = standard error of the mean.

PrWN R

(S,

a,b,c For treatment effect, within a row, means without common superscript letter differ (p < 0.05).

7 3.2. Feeding Behavior and Selective Consumption

8 A significant effect was found for time spent resting (p = 0.03), time spent ruminating (p <

9 0.01), DMI (p=0.05), NDF intake (p <0.01), ERDM (p =0.04), RRDM (p = 0.03), and ERNDF
10  (p =0.04). Cattle from high- and low-RFI groups had similar time spent resting and time spent
11 ruminating; however, medium-RFI animals spent longer periods resting than high-RFI cattle,
12 and also spent more time ruminating than animals from other treatments. Additionally, Nellore
13 yearling bulls presenting medium-RFI had lower NDF intake and took longer to consume a
14 kilogram of DM (p = 0.04) and NDF (p < 0.01). The time spent to ruminate a kilogram of DM
15  was shorter for medium-RFI cattle compared to animals from high-RFI group (p = 0.03), but
16  not different from low-RFI animals (p > 0.05). Same trend was observed for daily DMI (p =
17 0.045). No significant RFI effect was observed for particle sorting (Table 3) when diet and orts
18  samples were sieved on a 19 mm (p = 0.47; long), 8 mm (p = 0.11; medium), 1.18 mm (p =
19  0.79; short) screens, and pan (p = 0.59; fine).

20 Table 3. Feeding behavior and particle sorting of Nellore yearling bulls consuming high-

21 concentrate diets classified by residual feed intake (RFI).

RFI Group

Variable SEM’ p-Value
High Medium Low

n 8 9 10

Feeding behavior

Time spent resting, min/d 1001 ° 1092 @ 1032 % 21.8 0.03

Time spent ruminating, min/d 256 2 155° 2102 175 <0.01

Time spent eating, min/d 182 189 197 8.6 0.43
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Meal length, min 18 17 17 1.2 0.94
Meals per day, n 11 12 12 0.7 0.71
Water trough attendance, n/d 7 5 9 1.4 0.13
DMI per meal, kg 1.05 0.82 0.85 0.068 0.20
Daily DMI %, kg 10.45 2 9.13" 9.822 0.401 0.05
ER of DM 2, min/kg 18P 212 20° 1.0 0.04
RR of DM 3, min/kg 252 17° 22 1.9 0.03
NDF intake, kg 1914 151°¢ 1.84" 0.087 <0.01
ER of NDF, * min/kg of NDF 97° 129° 109° 5.8 <0.01
RR of NDF, ° min/kg of NDF 140 107 116 10.2 0.14
Particle sorting ©
Long 0.80 0.69 0.65 0.061 0.47
Medium 0.94 0.88 0.95 0.028 0.11
Short 1.03 1.01 1.03 0.009 0.79
Fine 0.94 0.96 0.97 0.016 0.59
1 ! Daily DMI is the DMI of the day that behavior measurements were taken. 2 ER = eating rate of DM. *RR =
2 rumination rate of DM. 4 ER = eating rate of NDF. ®RR = rumination rate of NDF. ® Selective consumption = n
3 intake/n predicted intake, in which n = particle fraction screens of 19 mm (long), 8 mm (medium), 1.18 mm (short),
4  and a pan (fine). Selective consumption values equal to 1 indicate no sorting, those < 1 indicate selective refusals
5 (sorting against), and those > 1 indicate preferential consumption (sorting for). ” SEM = standard error of the mean.
s abic For treatment effect, within a row means without common superscript letter differ (P < 0.05).
8 3.3. Rumenitis and Rumen and Cecum Morphometrics
9 The macro- and microscopic rumen morphometrics results across different RFI groups of
10  animals did not differ in relation to their development (Table 4); however, there was an effect
11 of the RFI grouping on keratinized layer thickness, in which animals from low-RFI group
12 presented thinner layer (p = 0.04). As in the rumen, the cecum data showed no differences in
13 development or lesions across the RFI groups.
14  Table 4. Rumenitis and rumen morphometrics of rumen and cecum of Nellore yearling bulls
15  consuming high-concentrate diets classified by residual feed intake (RFI).
Variable RF1 Group SEM? p-Value

High Medium Low
n 8 9 10
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Macroscopic variables

Rumenitis score 0.85 0.69 0.79 0.161  0.80
Number of papillae, no. 74.1 57.8 59.4 6.26 0.36
ASA L cm?/cm? of rumen wall 41.1 32.2 33.9 3.65 0.25
Mean papillae area, cm? 0.56 0.55 0.56 0.036  0.97
Papillae area, % of ASA 97.5 96.8 97.2 0.32 0.42
Microscopic variables

Papillae height, mm 1.56 1.52 1.60 0.078 0.72
Papillae Width, mm 0.17 0.18 0.17 0.005 0.80
Papillae surface area, mm? 0.25 0.23 0.25 0.015 054
Keratinized layer thickness, pm32.8%  30.3%  28.2°  1.09 0.04
Mitotic index, % 6.36 6.26 6.13 0.574  0.96
Mitotic index, n 127 125 123 115 0.96
Cecum measurements

Cecum score 2.60 1.57 3.24 0.730 0.25
Crypt depth, pm 109 96 105 5.7 0.30
Goblet cells, n 2.0 2.0 2.0 0.2 0.97
Enterocytes, n 20 19 22 0.7 0.12
Crypt depth:Goblet cells 61 52 59 6.3 0.62

1 ASA = absorptive surface area. 2SEM = standard error of the mean. @b For treatment effect, within a row
means without common superscript letter differ (P < 0.05).

3.4. Ruminal Protozoa Counting

Results of protozoa populations are shown in Table 5. No significant difference across
treatments were observed for the genus Diplodinium (p = 0.60), Isotricha (p = 0.14) and
Dasytricha (p = 0.68). However, cattle from the medium-RFI group presented a smaller
population of Entodinium than high-RFI cattle (p = 0.01) without negatively impacting total
protozoa populations (p = 0.27). When expressed as percentage of total population, no RFI-

grouping effect was observed across treatments for the protozoa populations evaluated in this

study (p > 0.05).
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Table 5. Differential counts of ciliated protozoa (103/mL) of Nellore yearling bulls consuming
high-concentrate diets classified by residual feed intake (RFI).

RF1 Group

Variable SEM?! p-Value

High Medium Low
n 8 9 10
Entodinium, 10%/mL 138° 120° 129% 36 <0.01
Diplodinium, 10%/mL 80 76 75 4.6 0.60
Isotricha, 103/mL 17 14 12 1.5 0.14
Dasytricha, 10%/mL 47 51 48 34 0.68
Total protozoa,103mL 281 262 263 8.4 0.27
Entodinium, % 49 47 49 1.2 0.42
Diplodinium, % 29 29 28 1.1 0.91
Isotricha, % 59 54 4.7 0.61 0.38
Dasytricha, % 17 20 18 1.0 0.13

1 SEM = standard error of the mean. abc For treatment effect, within a row means without common
superscript letter differ (P <0.05).

3.5. Ruminal Bacterial Community Composition

In the ruminal samples, collected right after slaughter for 16S rRNA microbiota
sequencing, were generated a total of 76,510 raw sequences, resulting in an average of 5.77 £
47 SD sequences per sample that passed filter. The pooled samples contained an average of

1.62 unique OTUs, and a Good’s coverage of 0.98.

The results related to bacterial community composition are shown in Figure 2. No
significant RFI-grouping effect was observed for Shannon’s diversity (p = 0.57; Figure 2A)
and Chao’s richness (p = 0.98; Figure 2B). Figure 2C shows the seven main phyla found in
the ruminal content of animals differing in phenotypic RFI; however, no differences across
treatments were detected within each phylum (p > 0.10). It is noteworthy to mention that at
the time of slaughter, phyla Bacteroidetes and Firmicutes stand out. Finally, a Bray—Curtis
dissimilarity analysis was conducted, as visualized using Non-metric multidimensional

scaling (NMDS) (Figure 2D), and no differences across treatments were observed (p = 0.98)
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Figure 2. Shannon’s diversity index (A) and Chao’s richness estimator (B) for microbial
communities in the rumen of Nellore cattle classified by RFI. Relative abundance of the top seven

phylum of ruminal bacterial communities observed in different RFI groups Nellore cattle (C). Non-
metric multidimensional scaling (NMDS) representation of the Bray—Curtis dissimilarity metric for ruminal
content of Nellore cattle classified by RFI (D).

1 4. Discussion

2 The main performance variables, such as final BW, ADG, HCW, dressing percentage, as

3 well as other carcass characteristics, were not affected by different RFI groups. Similar results
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involving Nellore bulls were reported by Nascimento et al. [52] and Fidelis et al. [53], which
confirms that RFI in cattle is phenotypically independent of growth and body size, as defined
by Koch et al. [17]. When the residual weight gain was calculate as defined by Koch et al. [17].
When the residual weight gain was calculated, cattle from low-RFI group exhibited an increase

of 184 g when compared to high-RFI animals.

Data from this study show that there was no difference across all RFI groups regarding
carcass traits measured by ultrasound, corroborating data reported by Nascimento et al. [52]
and Fidelis et al. [53]. On the other hand, in a study by Pereira et al. [14], cattle from low-RFI
group had thinner 12th rib- and P8-fat thickness by 0.86 mm and 0.88 mm, respectively, at
harvest, as well as 680 g less visceral fat. The body composition of animals has a great impact
on energy requirements and daily gain composition [54]. In the literature, there are several
studies that associated RFI variations in beef cattle with protein metabolism [1,5,9,55], which
suggests that low-RFI animals have more efficient mechanisms related to protein metabolism,
since these animals have leaner carcasses, lesser visceral, subcutaneous and intramuscular fat,
and greater contribution of protein to weight gain. Although in our study we did not measure
visceral fat, the assessment of carcass 12th rib fat and P8 fat thickness, as well as marbling,
showed that low-RFI animals did not have any reduction of carcass fat deposition, suggesting
that efficiency may be attributed to metabolic processes of each animal.

Energy metabolism in the process of absorption in the rumen [17] and intestines [56] has
also been reported for the variation in energy expenditure by animals, in which, depending on
the substrate and the absorption site, there are different energy expenditures for the animals
[57]. The data from rumen morphometry, with the exception of keratinized layer thickness, did
not reveal any significant difference between the RFI groups, which is in agreement with the
data presented by Pereira et al. [14]. The thinner keratinized layer showed by low-RFI animals
may be related to the lower DMI presented by these animals, since a smaller amount of substrate
entered the ruminal environment for fermentation. In addition, a more intense visceral
biochemical work was reported in animals with higher DMI [56]. In a survey carried out by
Kong et al. [17] an increase in the expression of genes associated with glycolysis and oxidative
phosphorylation in the epithelium of low-RFI animals was observed, which suggests a greater
production of energy by these animals. The same authors also reported an increase in the

expression of genes involved in cell and protein renewal in the modulation of intercellular



o v b~ W

~N

10
11

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31

31

adhesion force and cell migration, which, according to the authors, may be due to an increase
in the absorption rate or to a greater surface area/volume ratio.

Although the visceral metabolism was not evaluated in this study, and the composition of
the microbial community also did not differ between the RFI groups, this suggests that the
differences in the efficiency of nutrient utilization in the different RFI groups may be related to
the splenic and hepatic metabolism.

With respect to the rumen, the efficiency of the ruminal epithelium in removing the
fermentation products can influence the ruminal acidification. In our data, animals from low
RFI group consumed a 1.28 kg (DM basis) less than high-RFI cattle, which might explain the
thinner keratin layer of the ruminal epithelium; however, further research is needed to identify

potential differences on absorption rate of short-chain fatty acids in cattle differing in RFI.

Differences in feeding behavior were subtle in this study, and those are related to the
smaller amount of NDF consumed by medium-RFI animals. As a result, medium-RFI cattle
spent less time ruminating and took longer to consume a kilogram of either DM or NDF, which
is in agreement with Llonch et al. [58]. In addition, Entodinium populations may have been
negatively impacted by the lack of a proper amount of long particles in the rumen to maintain
pH at optimal levels for growth of those microorganisms [13]. Results from this study related
to feeding behavior are similar to the ones reported by Bingham et al. [59] and Pereira et al.
[14]. Reasons by which medium-RFI animals sort against long and medium diet particles

remain unknown and deserve further attention.

The quantification of the protozoa population in samples collected from the rumen at
harvest showed no differences between the RFI groups in the total protozoan population, so
that, even with a variation in DMI of 1.28 kg between extreme RFI groups, the animals probably
managed to maintain the ruminal pH in adequate conditions to maintain these individuals, since
mainly the genera Diplodinium e Dasytricha are sensitive to low ruminal pH [60,61]. In
addition, rumen protozoa are important in the control of rumen pH, since they act in the
predation of rumen bacteria and engulfing starch granules; where the genus Entodinium is the
most dominant protozoan in the rumen of cattle fed high-concentrate diets [62], where they can
rapidly degrade starch, resulting in faster growth rates [63]. In this study, the only difference
between protozoan counts was found between the high and medium RFI groups, which is
explained by the greater amount of starch ingested by high-RFI animals.
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Furthermore, with respect to the ruminal bacterial communities, no differences were found
in relation to Shannon’s diversity and Chao richness, which is in agreement with data from
McCann et al. [64] who found no differences in Shannon’s diversity across different RFI groups
of Brahman bulls in pasture. In addition, Myer et al. [65] fed cattle a high-concentrate diet, and
also did not find differences in Shannon diversity and Chao richness. However,Welch et al. [21]
evaluated the impact of RFI groups on the composition of the fecal microbial community and
reported greater Shannon’s diversity in more efficient animals (6.99 vs. 7.81) fed high-
concentrate diets, but this difference disappeared when animals were fed forage-based diets.
Based on the fact just presented, it seems that the ariation in feed efficiency across different
RFI groups could not be attributed to the rumen microorganisms. Although our sample
collection was performed after the animals had gone through a period of fasting, which may
have influenced the microbes, this occurred for all animals. In addition, the transport and
handling itself may influence intake, metabolism and shift the composition of the microbiota
just prior to harvest. It is noteworthy to mention that cattle in this study were slaughtered on the

same day they were shipped, which reduces the fasting time before slaughter.

Another limitation that we found is that the collection of samples did not cover microbes
from the rumen wall, since microbes should be extracted from a washed rumen surface;
however, the vast majority of the degradation process and consequent production of SCFA to
increase animal gain occurs through the action of the microbiota adhered to feed particles, so
that the collection of whole rumen contents from each animal was managed to cover and

represent the entire rumen compartment.

5. Conclusions

The composition of the ruminal bacterial community and total protozoa in samples
collected right after slaughter was not impacted when Nellore bulls finished in feedlot were
ranked in different RFI groups. Likewise, the main morphometric characteristics of the rumen
and cecum were not affected in terms of epithelial development and presence of lesions. Thus,
differences in feed efficiency of Nellore bulls fed high-concentrate diets differing in phenotypic
RFI should be attributed to metabolic variables other than ruminal microorganisms and

epithelium, which deserves further investigation.
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CAPITULO 4 “Protocolos nutricionais para aumentar 0 marmoreio na
carcaca de bovinos Nelore confinados classificados pela diferenga
esperada na progénie”
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RESUMO: O objetivo deste projeto foi estudar a relagcdo entre o processamento dos gréos de
milho e o uso de sais calcicos de acidos graxos (SCAG) de 6leos vegetais, aliados ao uso de zinco
e cromo organicos, na dieta sobre o desempenho e a intensificacdo da deposi¢do de gordura
intramuscular em bovinos Nelore confinados e sua comunidade microbiana. Foram utilizados 150
animais Nelore ndo castrados com peso vivo inicial de 404,28+23,14, blocados por peso e
divididos em 30 baias, sendo que 30 animais foram abatidos no dia zero do experimento como
referéncia. Todos os animais tinham pais conhecidos, e desta forma foram divididos em grupos de
alta e baixa DEP para marmoreio antes de serem blocados por peso. Os animais foram adaptados
por 20 dias, com 3 dietas, com incremento de 5% de concentrado entre elas, sendo que, as dietas
de terminagdo continham 84% de concentrado e os tratamentos foram divididos em: T1) Milho
moido fino; T2) Silagem de grdo de milho imido; T3) Milho moido fino + SCAG; T4) Silagem
de grao de milho umido + SCAG; e T5) Silagem de grdo de milho imido + SCAG + zinco e cromo
organico. Foi incluso monensina sédica em todos os tratamentos na dose de 25 ppm. O estudo teve
duracdo de 112 dias, e foram avaliadas diversas varidveis, tais como: ingestdo de matéria seca
(IMS) e sua flutuacdo, ganho médio diario (GMD) e de carcaca, eficiéncia alimentar (EA),
conversdo alimentar (CA), peso de carcaca quente (PCQ), deposicdo de gordura de marmoreio e
subcuténea e area de olho de lombo (AOL), perfil metabolico sanguineo, eficiéncia bioldgica,
incidéncia de lesbes no rimen e ceco, abscessos no figado e comunidade e diversidade da
microbiana do rimen em busca de estabelecer uma relacdo entre a dieta, a comunidade microbiana
ruminal e a deposicdo de gordura intramuscular entre bovinos Nelore de alta e baixas DEPs para

marmoreio.

1. Introducéo

A composicao da carcaca é grandemente afetada pelo sexo, idade, genética peso corporal,
sendo este ultimo o de maior influéncia sobre a composicao (Preston, 1971). Da mesma forma, o
plano nutricional ao longo da vida destes animais impacta sobre o tamanho corporal e a
composicao tecidual (Scheffler et al., 2014). Dentro do cenéario da maximizacdo da eficiéncia na
producéo, houve intensificacdo na selecdo para elevacdo na deposicao de tecido magro em bovinos
de corte (Du et al., 2010a) nas Ultimas décadas. Porém, essa diminuicdo na gordura na carcaga dos
animais, torna-se um problema para o processo de marmoreio da carne, ja que este tecido
proporciona melhorias na palatabilidade do produto (Du et al., 2010a). Dentre as caracteristicas
mais almejadas como padrdo para qualidade da carne bovina, o marmoreio e a maciez séo listadas
como principais, conforme elencado pela pesquisa feita com produtores de carne bovina pela
National Cattlemen's Beef Association (McKenna et al., 2002; Garcia et al., 2008). Com relagéo

ao parametro maciez, uma estratégia para melhorar esta caracteristica nas carcacas, como ja
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relatado em diversos estudos, seria a reducdo da idade de abate dos animais (Felicio et al., 1982;
Lawrence et al., 2001). Entretanto, em relacdo a deposicdo de gordura, houve reducédo geral no
acumulo nas carcagas bovinas, o que inclui a gordura intramuscular (Moraes et al., 2017), e

prejudica assim a palatabilidade e suculéncia da carne (Du et al., 2010a).

Além do mais, esta bem documentado na literatura que certas ragas bovinas tém maior
predisposicéo para depositar gordura de marmoreio do que outras (Albrecht et al., 2006; Hocquette
et al., 2010). As racas de genotipo Bos indicus, bem como seus cruzamentos, tendem a ser mais
tardias quando comparadas as de genotipo Bos taurus (Baker et al., 1989) quando considerados 0s
grupos britanicos, o que pode levar a menor grau de marmoreio na carcaga em pesos e idade
menores. Como no Brasil a raga predominante na composicao do rebanho é o Nelore (Millen et
al., 2009), raca que apresenta baixa deposicdo de gordura intramuscular se comparado as racgas
taurinas (Fonseca et al., 2019), o que pode afetar a palatabilidade como j& mencionado
anteriormente. Além do que, associado a este fato a despadronizacdo da carcaca produzida e
entregue a industria frigorifica, fazem com que o Brasil mesmo sendo um grande produtor e
exportador de carne bovina (ABIEC, 2018), tenha esta matéria prima comercializada como

“commodity”.

Entretanto, com advindo do melhoramento genético, em que € possivel selecionar animais
com base no Diferencial Esperado na Progénie (DEP) positivo para o marmoreio (Bergfeld et al.,
1995), e considerando-se que esta é uma caracteristica de herdabilidade de moderada a alta
(Bertrand et al., 2001), € possivel elevar os ganhos genéticos e acelerar a implementacdo desta
caracteristica. Vieselmeyer et al., (1996) trabalharam com racas taurinas e relataram que animais
com DEPs altas para marmoreio apresentaram 74% de classificacdo do USDA para Choice contra
47% daqueles com baixas DEPs para marmoreio, desta forma, os autores indicaram que 0s animais

podem ser selecionados com base nas DEPs para o marmoreio.

Associado ao fator genético a manipulacao dietética, através do adensamento energético
das racOes parece ser a melhor estratégia (Krehbielet al., 2006). Neste sentido, a terminacdo de
bovinos em sistema confinado pode propiciar este maior controle nutricional para melhoria do
padrdo de marmorizacgdo. Logo, usar diferentes tecnologias nas dietas de bovinos de corte em
confinamento, os quais tenham altas ou baixas DEPs, surge como um novo campo de pesquisa

para melhorar a qualidade da carne do Nelore criado no Brasil.

E bem documentado na literatura que a glicose é a maior contribuinte para a biossintese

dos écidos graxos no tecido adiposo intramuscular (Smith e Crouse, 1984). Como para o ruminante
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o principal substrato para formacéo da glicose € o propionato no rumen, a viabilizacdo de sua
producdo parece essencial para melhoria do marmoreio. O milho do tipo Flint(duro) é o ingrediente
energético mais utilizado nas dietas de bovinos confinados no Brasil (Pinto e Millen, 2018), e
dessa forma, estratégias de processamento para melhorar seu aproveitamento séo extensivamente
estudadas. A principal resisténcia ao aproveitamento do amido no grdo de milho se deve a
vitreosidade de seu endosperma (Cruz et al., 2012). Assim, por meiodo processo de ensilagem dos
grdos ainda umidos, ocorre a solubilizacdo de parte das ligacGes entre as proteinas que tornam o
endosperma vitreo (Lawton, 2002). Com a fermentacdo do milho, Jurjanz e Monteils (2005)
reportaram melhora da degradabilidade ruminal de 70,2% para 92,3%. Essa melhoria na
degradabilidade condiz com os achados de Caetano et al. (2019) que relataram eficiéncia no ganho

de carcaca 13% superior nos animais Nelore ingerindo silagem de grdo imido de milho.

No mesmo sentido, a utilizacdo de lipideos nas dietas de bovinos confinados também é
uma estratégia para aumentar o aporte energético sem que ocorram maior fermentacdo e
incremento cal6rico no rimen; entretanto, a biohidrogenacéo dos lipideos pela a¢do da microbiota
ruminal, altera o perfil lipidico que chega até o intestino para absorcdo (Ekeren et al., 1992),
tornando-os principalmente saturados. Com essa saturacdo dos acidos graxos, a carga de perfil
insaturado que chega até o intestino delgado diminui, incluso o &cido oléico (C18:1), o qual
desempenha fungbes fundamentais sobre a expressdo de genes envolvidos no enchimento
adipdcito (Pacheco, et al., 2016), como por exemplo da proteina G nos adipécitos intramusculares
(Chung et al., 2016). Além disso, existe um mecanismo metabdlico nos animais ruminantes que
utiliza o acido palmitico (C16:0) para obtencdo do &cido oleico ja nos tecidos. O &cido palmitico
chega no musculo ou tecido adiposo e € alongado a estearico para posteriormente ser desssaturado,
via A-9 desaturase, a &cido oleico. Como a inclusdo elevada de gordura nas dietas € toxica aos
microrganismos, assim como torna incerto o perfil lipidico que realmente o animal estara
absorvendo, a inclusdo na dieta de sais calcicos de acidos (SCAG) de 6leos vegetais protegidos
faria com que estes lipideos passassem intactos pelo rimen, chegando no intestino na forma mais

insaturada.

A suplementacdo com zinco (Spears e Kegley, 2002) e cromo também tem demonstrado
melhorias na lipogénese. Embora ndo se tenha elucidado o mecanismo de a¢éo na adipogénese,
Oh et al. (2004) relataram que a suplementagdo com zinco estimula a atividade da glicerol-3-
fosfato desidrogenase em pré-adipocitos intramusculares, a qual também esta presente na proteina
ligante de zinco (ZFP423), a qual esta envolvida no estimulo da expresséo do fator de transicéo
do receptor gama ativado pelo proliferador de peroxissoma (PPARY; Gupta et al., 2010). Ja para



~ w N

O 00 N o U

10
11
12

13
14

15
16
17
18
19

20
21
22
23
24
25
26

27

28
29
30
31

45

0 cromo, sua principal acdo é potencializar a acdo da insulina, elevando assim a captacdo de glicose
pelas células e adipdcitos intramusculares (Mertz, 1993). Bunting et al. (1994) reportou que a
suplementacéo dietética com cromo picolinato para bezerras reduziu a concentracéo glicémica em

decorréncia da melhora na taxa de resposta da insulina.

Portanto, hipostenizamos que incrementos nos niveis energéticos da dieta pela adi¢do de
SCAG, melhor extensdo de processamento do milho (pela maior fermentacdo ruminal) poderia
melhorar o desempenho dos animais e as caracteristicas de carcacgas. Dessa forma nosso objetivo
foi avaliar diferentes protocolos nutricionais, com inclusdes de silagem de grdos imidos de milho,
SCAG, zinco e cromo orgéanico, para aumentar o grau de marmoreio da carcaga de bovinos Nelore
confinados ranqueados por DEP de alto e baixo marmoreio, visando o aumento da adipogénese no
tecido intramuscular e subcutaneo, e relacionando as possiveis diferencas com a comunidade

microbiana do riimen.

2. MATERIAL E METODOS
2.1. Animais e local do experimento

O estudo foi conduzido no confinamento experimental da Faculdade de Ciéncias Agrarias
e Tecnoldgicas (FCAT), Universidade Estadual Paulista (UNESP), campus de Dracena. Todos 0s
procedimentos envolvendo a utilizagdo de animais neste estudo seguiram as diretrizes
estabelecidas pelo Comité de Etica em Pesquisa Animal da Universidade estadual Paulista -
UNESP (protocolo n° 0151/2019).

Foram utilizados 150 animais, machos, ndo castrados, da raca Nelore que participaram do
programa de Certificado Especial de Identificacdo e Producdo (CEIP). Os animais tinham peso
vivo médio inicial de 404,28+23,14kg, provindos de sistema de recria em pastejo continuo, sendo
qgue 30 deles foram abatidos como referéncia no dia 0 do experimento. Portanto, o estudo
prosseguiu com 120 animais, os quais foram alocados em 30 baias (n = 4 por baia). Para o abate
referéncia utilizamos 1 animal por baia, diferente do que haviamos proposto no projeto, o qual

seria apenas 2 por bloco.
2.2. Delineamento experimental

O delineamento experimental foi em blocos inteiramente casualizados em arranjo fatorial
2x2+1. Utilizamos as DEP’s para marmoreio dos pais dos animais (foram utilizados 18 pais) para
separa-los em dois grupos, 0s 75 animais de maiores valores de DEP no grupo de alta e os 75

animais de menor valor no grupo de baixa (para os animais em que os pais ndo tinham avaliagdo
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para marmoreio utilizamos o nivel de marmoreio mensurado por ultrassom). Feito isto, dentro de
cada grupo os animais foram blocados pelo peso vivo inicial. Os animais foram pré-adaptados ao
local, e para a uniformizacdo da populacdo ruminal, recebendo feno de Tifton por 7 dias.
Posteriormente, os animais foram alocados nas baias dividindo-os aleatoriamente, dentro de cada
bloco, em cinco tratamentos de acordo com a associa¢ao do processamento do milho e a inclusdo
de SCAG: 1) Grao de milho seco finamente moido; 2) Silagem de grdo imido de milho; 3) Gréo
de milho seco finamente moido+SCAG (NutriGordura; Nutricorp Nutricdo Animal; Araras, SP);
4) Silagem de gréo de milho imido + SCAG; 5) Silagem de gréo de milho imido + SCAG + zinco
e cromo organico (Zinpro Animal Nutrition; Piracicaba, SP). A monensina sodica (Rumensin 200;
Elanco Saude Animal, Sdo Paulo, SP) foi utilizada em todos os tratamentos na dosagem de25 ppm.
Cada tratamento foi composto por 6 repeticGes (baias), as quais respeitaram os critérios de

blocagem e foram as unidades experimentais deste estudo.
2.3. Manejo, arragoamento e cuidado com 0s animais

Todos os animais foram submetidos ao mesmo tipo de fornecimento de dietas, alojamento
e manejo. Os animais foram pesados, tratados com anti-helminticos, e vacinados (rota e
coronavirus, tétano, botulismo e sete tipos de Clostridium spp; “Cattlemaster, Pfizer Animal
Health, New York, NY”). O arracoamento foi feito duas vezes ao dia: as 09:00 (45% do total) e
16:00 (55% do total). As baias eram parcialmente concretadas, com boa facilidade na circulagdo
do ar e lotacdo de 4 animais por baia (18 m2e 1,5 m linear de cocho por animal), sempre com agua

a vontade disponivel em bebedouro automatico.

O estudo teve duracdo de 112 dias, com periodo de adaptacdo de 20 dias. O protocolo de
adaptacdo foi feito em escada (step-up), ou seja, foram fornecidas trés dietas de adaptacéo,
iniciando com 69% de concentrado, com acréscimos de 5% entre elas, sendo que a quantia de
volumosa retirada é em sua totalidade de feno. A transicéo das dietas de adaptagdo para a dieta de
terminacéo foi feita da seguinte forma: 6 dias da adaptacéo 1, 5 dias da adaptacdo 2 e 9 dias da
adaptacdo 3. A dieta de terminacdo foi composta por 84% de ingredientes concentrados (Tabela
1). As ragdes experimentais foram formuladas segundo o LRNS (LargeRuminantNutrition
System, Fox et al. 2004), nivel 2, cujos niveis estdo apresentados na Tabelas 1. As ra¢fes foram
fornecidas ad libitum e submetidas a ajustes de quantidade diariamente, com base na quantidade

de sobra nos cochos, a qual foi mantida em 5% da quantidade oferecida.

Tabela 1. Composicéo e contetdo nutricional das dietas totais de acordo com os tratamentos.

Tratamentos 1 2 3 4 5
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Nivel de Concentrado (%) 84,00 84,00 84,00 84,00 84,00
Ingredientes (% MS)

Feno 3,00 3,00 3,00 3,00 3,00
Bagaco de cana 13,00 13,00 13,00 13,00 13,00
Farelo de soja 10,71 10,01 10,81 1041 1041
Silagem de grdo umido de milho 51,00 48,00 48,00
Milho grdo moido fino 70,30 20,00 67,60 20,00 20,00
Uréia 0,70 0,70 0,70 0,70 0,70
Nucleo mineral 0,98 0,98 0,98 0,98 0,86
Sal 0,30 0,30 0,30 0,30 0,30
Gordura protegida 3,20 3,20 3,20
Calcareo 1,00 1,00 0,40 0,40 0,40
Availa Zn120 0,075
Availa Cr1000 0,045
Rumensin 0,0125 0,0125 10,0125 10,0125 10,0125
Conteudo Nutricional

Matéria Seca (MS) 84,00 76,00 8500 77,00 77,00
Nutrientes Digestiveis Totais (% MS) 7500 79,00 79,00 82,00 82,00
Proteina Bruta (% MS) 1430 1420 14,10 14,10 14,10
Fibra em Detergente Neutro (% MS) 24,10 21,10 23,80 20,90 20,90
Carboidratos nédo fibrosos (% MS) 56,00 59,00 54,00 57,00 57,00
Extrato Etéreo (% MS) 3,00 3,60 5,50 6,10 6,10
peFDN? 13,00 14,00 13,00 14,00 14,00
Elg (Mcal/ kg MS)* 1,17 1,27 1,26 1,35 1,35
Ca (% MS) 0,56 0,54 0,56 0,55 0,57
P (% MS) 0,41 0,41 0,41 0,40 0,40
Cr (mg/kg) 0,45
Zn (mg/kg) 63,99 52,68 63,47 52,94 143,35

T1: Milho finamente moido; T2: Milho com alta umidade; T3: Milho finamente moido + gordura protegida no
rumen (NutriGordura; NutricorpNutricdo Animal; Araras, S&o Paulo, Brasil); T4: Milho de alta umidade + gordura
protegida no rimen; T5: Milho de alta umidade + gordura protegida no rimen + Zn e Cr (Zinpro Animal Nutrition;
Piracicaba, Sdo Paulo, Brasil).!Fibra em detergente neutro fisicamente efetiva; Energia liquida disponivel para

ganho.

O CMS foi medido para cada baia por meio da pesagem do alimento fornecido diariamente,
e consequente pesagem da sobra antes do trato da manha seguinte, aproximadamente 24 horas
apos o fornecimento. A determinacdo da matéria seca da racdo total oferecida foi efetuada todos
os dias coletando-se uma amostra por tratamento, para entdo se obter o CMS diario, o qual foi

expresso em quilos e em porcentagem do peso Vivo.
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2.4. Desempenho produtivo

No inicio do periodo experimental, e a cada 28 dias, todos os animais foram pesados,
porém, somente nas primeira e Gltima pesagens, estes foram submetidos a jejum de solidos de 16
horas. Para as pesagens intermediarias 0s animais ndo passaram por jejum e do peso Vivo
observado foi descontado 4%, para assim se obter o peso vivo enxuto (Stock et al., 1983). Essa
medida foi adotada para evitar consumo agressivo e rapido no periodo subsequente a pesagem, o
que pode levar a ocorréncia de disturbios metabolicos, haja vista o alto teor de energia da dieta de

terminacdo (Marques et al., 2012).

Dessa forma, foi calculado ao final do experimento o desempenho produtivo: GMD,
utilizando os dados da pesagem inicial e final divididos pelo tempo de confinamento; CA, obtida
pela divisdo do CMS total pelo ganho de peso vivo total; EA, calculada pela divisdo do ganho de

peso total pelo CMS total.
2.5.Flutuacéo do consumo de massa seca

A flutuacdo do CMS foi feita seguindo a metodologia proposta por Bevans et al. (2005),
em gue a diferenca de CMS entre dois dias consecutivos representou a flutuacdo. Desta forma, a

flutuacdo do CMS foi determinada diariamente durante todo o periodo experimental.
2.6.Energia liquida observada

As exigéncias de energia de ganho e de manutencdo dos animais foram calculadas com
base em metodologia do NRC (1984) e Lofgreen e Garrett (1968), relacionadas com GMD e peso
metabolico. A partir destes valores, a energia liquida (Mcal/kg de massa seca) tanto de ganho,
como de manutencdo proporcionada pelas dietas experimentais foi calculada conforme
metodologia descrita por Zinn e Shen (1998), em que foram utilizados dados coletados sobre peso
corporal medio, GMD e CMS.

2.7.Comportamento ingestivo

Os animais foram submetidos a uma observagéo visual para avaliagdo do comportamento
ingestivo no dia 108 do periodo do periodo experimental. Para a avaliagdo de comportamento
ingestivo, foi seguida a metodologia de Robles et al. (2007), em que 0s animais tiveram seu
comportamento registrado a cada cinco minutos, por um periodo de 24 horas consecutivas.

Durante as observacdes foram coletados dados para se determinar o tempo despendido em
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alimentacdo, ruminac&o e dcio, expressos em minutos, nimero de idas ao bebedouro, e nimero de

refeices por dia (quantidade de idas ao cocho).

No periodo de observacdo, também foi coletada amostra da racdo fornecida e das sobras
apos 24 horas, as quais foram congeladas e posteriormente, por meio de analises quimicas de
matéria seca (AOAC, 1995) e FDN (Van Soest, 1991), se determinou a quantidade ingerida desses
nutrientes por cada baia. Consequentemente foi determinado o tempo médio e o IMS por refeicéo,
assim como a eficiéncia de ruminacgéo e alimentacdo da massa seca; e eficiéncia de ruminacéo e

alimentacdo da FDN, segundo metodologia proposta por Carvalho et al. (2006).
2.8.Seletividade da racéo por meio da Penn State Particle Separator (PSPS)

No dia da observagdo de comportamento ingestivo foram coletadas amostras da dieta total
logo apds o fornecimento e das sobras das 30 baias no dia subsequente para se determinar a
distribuicdo das particulas usando-se um separador de particulas (Penn StateParticleSeparator,
Nasco, Fort Atkinson, WI, EUA) como descrito por Heinrichs e Kononoff (1996), para analisar a
extensdo da selecdo, expressa em forma de indice de preferéncia. O indice de preferéncia foi

calculado para cada porcdo retida em cada peneira, individualmente.

Ingestaoatual

Indicedepreferéncia = —
pref Ingestaoesperada

Ingestaoatual = QRO * DTPDT — (QS * DTPS)

em que: QRO = Quantidade de ragéo oferecida (kg); DTPDT = Distribui¢do do tamanho
de particulas da dieta total (%); QS = Quantidade de sobras (kg); DTPS = Distribuicdo do tamanho

de particulas das sobras (%).
Ingestao esperada = DTPDT x IAMN

em que: DTPDT = Distribuicdo do tamanho de particula da dieta total (base na matéria
natural) (%); IAMN = Ingestdo atual de matéria natural (kg).

2.9.Hormoénios metabdlicos e metabdlitos

Amostras de sangue foram coletadas nos dias 0 e 112, sendo que, em cada ocasido, 0
sangue foi coletado de 60 animais (2 por baia) manhd, antes da alimentagéo. O sangue foi recolhido
em trés tubos de 10mL com heparina, através de puncdo venosa jugular. Serdo determinadas as

concentragfes plasmaéticas de insulina, glicose e acidos graxos ndo esterificados (AGNE),
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conforme as seguintes metodologias: Glicose. Determinada usando o kit quantitativo colorimétrico
(#G7521; PointeScientific, Inc., Canton, MI, EUA). Insulina. Determinada usando o kit Coat-A-
Count (DPC DiagnosticProducts Inc., Los Angeles, CA) fase solida 1251 RIA de acordo com
Morielet al. (2008). AGNE Determinado usando o kit enzimatico colorimétrico (HR Series NEFA
2; WakoPureChemical Industries Ltd. USA, Richmond, VA, EUA) com modifica¢des descritas
por Pescara et al. (2010). As amostras encontram-se armazenadas em freezer -80° aguardando a

chegada dos kits para serem analisadas.
2.10. Caracteristicas de carcaca

2.10.1. Variaveis calculadas

Como 30 animais foram abatidos como referéncia no inicio do estudo, foi feita uma
equacéo de regressdo, e com isso 0 PCQ inicial por animal foi calculado. O restante dos animais
foi abatido em frigorifico comercial apds 112 dias confinados. O rendimento de carcaca foi
calculado a partir do PCQ, obtido em frigorifico comercial, dividido pelo peso vivo final do
animal, obtido no confinamento (ap6s 16 horas de jejum). O ganho médio diario de carcaca foi
calculado da seguinte forma: (PCQ final — PCQ inicial) / dias de alimentagdo. Da mesma forma, o
rendimento do ganho foi calculado como segue: ganho médio diario de carcaca / GMD * 100. O
calculo da eficiéncia bioldgica foi realizado da seguinte forma: CMS total / ((PCQ final — PCQ

inicial) /15). Essa eficiéncia foi expressa em kg matéria seca consumida/@ produzidas.

Os animais foram submetidos a avaliagdes de ultrassonografia no inicio (-4d)e no final do
periodo de confinamento (112d) segundo a metodologia proposta por Perkins et al. (1992),
utilizando-se unidades de ultrassom veterinario “PIE MEDICAL — Scanner 200”, com sonda
“Sector Curved Array Scanner”, modelo 5S1B04UMO?2 e 6leo vegetal como acoplante acustico para
verificar o desenvolvimento do tecido adiposo subcutaneo (EGS), AOL e marmoreio do muasculo
Longissimus dorsi (contra-filé) entre as 122 e 13? costelas; e desenvolvimento do tecido adiposo

da garupa (EGP8) sobre o musculo Biceps femoris (picanha).
2.11. Abscessos hepaticos

Os abscessos hepaticos foram classificados de acordo com a incidéncia e severidade dos
mesmos de acordo com Brink et al. (1990): (0) — figados sem abscessos; (A- ou 1) — figados com
um ou dois pequenos abscessos (bem menores que 2,5 cm de diametro) ou cicatrizes de abscessos;

(A ou 2) — figados com dois a quatro abscessos ativos (pouco menores que 2,5 cm de diametro);
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(A+ ou 3) — figados com um ou mais, grandes abscessos (maiores que 2,5 cm de didmetro) e
por¢des do diafragma aderidos a superficie do figado.

2.12.Incidéncia de rumenites e morfometria das papilas ruminais

Ap0s o0 abate e evisceracdo dos animais, 0s compartimentos do ramen e reticulo foram
separados e limpos com agua corrente, e classificados conforme a incidéncia de lesdes (rumenites
e paraqueratose), seguindo metodologia descrita por Bigham e McManus (1975), com base em
uma escala de 0 (sem lesdes) a 10 (lesdes ulcerativas por todo o ramen). A classificacdo das papilas

ruminais foi feita por duas pessoas treinadas para este fim, sendo o escore final a média de ambos.

As andlises morfométricas foram realizadas de acordo com metodologia proposta por
Daniel et al. (2006) e Resende Junior et al. (2006), em que uma amostra de 1 cm? foi coletada do
saco cranial do rimen e imediatamente colocada em recipiente contendo solucéo de tampéo fosfato
(PBS =0,79 g de NaCl; 0,223 g de Na; HPO4; 0,0524 g de NaH2PO4; H20 gsp 100 mL) a 0,1 M
e pH 7,4; e mantidas por um dia refrigeradas até a realizacdo das mensuracfes. As variaveis
morfométricas analisadas foram: numero médio de papilas (NMP), area média das papilas (AMP)
em cm?, superficie absortiva do epitélio (ASA) em cm?, e representatividade das papilas na
superficie absortiva (APSA) em %. O nimero médio de papilas em todo fragmento foi mensurado
por trés avaliadores e o valor final considerado foi a média das trés contagens. Deste fragmento,
doze papilas foram seccionadas aleatoriamente, as quais foram digitalizadas (por meio de scanner),
e a AMP sera calculada com base nas imagens geradas, por meio do programa de analise de
imagens UTHSCSA Image Tool. O valor final considerado foi a area média das doze papilas. Ja a

ASA e a APSA foram calculadas da seguinte forma:

ASA =1+ NMP «* AMP — (NMP % 0,002)

APSA —NMP * AMP 100
= k
ASA

O nuimero 1 representa o fragmento de 1 cm? coletado, e 0 0,002 a area basal estimada

de cada papila ruminal.

2.13. Incidéncia de Lesdes

Para avaliacdo da incidéncia de lesdes no ceco, todos os animais do estudo, logo ap6s
o abate, tiveram seus cecos lavados e entdo analisados. O epitélio cecal foi classificado

conforme a incidéncia de lesdes (inflamagdes) e outras anormalidades no mesmo. Para
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mesurar graus de les@o no ceco, utilizaremos metodologia adaptada de Bigham et al. (1975),
em que foi avaliado os escores de lesdo no ceco numa escala de 0 (sem lesGes) a 10 (lesbes

ulcerativas por todo o ceco).

3 Analise Estatistica
O delineamento experimental foi em blocos casualizados, em funcgdo das DEPs e do PVI,

em que as baias foram consideradas as unidades experimentais para todas as variaveis deste estudo.
Foram realizados testes de normalidade dos residuos e de heterogeneidade de variancias antes de

se proceder a analise de variancia, e quando necessario, os dados foram transformados.

O efeito dos tratamentos, das DEPs e a interacdo entre esses foi considerado como fixo.
Por outro lado, o efeito do bloco foi considerado aleatdrio. Os dados deste estudo foram analisados
pelo PROC MIXED do SAS (2003), considerando o nivel de 5% de significancia, de acordo com

0 modelo:
Yijkl = p + Ti + DEPj+T*DEPij+ Bk + eijkl;

em que: Yijkl = observacéo relativa a I-ésima unidade experimental (baia) do i-ésimo tratamento
da j-ésima DEP no k-ésimo bloco; u = média geral; Ti = efeito do i-ésimo tratamento, sendo i = 1:
Gréo seco sem SCAG, 2: Grdo umido sem SCAG, 3: Grao seco com SCAG, 4: Grao umido com
SCAG e 5: Grdo tmido com SCAG, zinco e cromo; DEP]j = efeito da j-ésima DEP, sendo j = 1:
alta DEP, 2: baixa DEP; T*DEPij = efeito de interacdo entre tratamentos e DEP; Bk = efeito do
jésimo bloco (8 blocos); eijkl = erro experimental referente a I-ésima unidade experimental do i-
ésimo tratamento da j-ésima DEP no k-ésimo bloco (0;6%). Foram aplicados os seguintes
contrastes, no caso do teste F ser significativo para os tratamentos: silagem de grdo umido de milho
vs. milho moido fino, presenca ou auséncia de SCAG, interacdo entre tipo de processamento e
presenca de SCAG, silagem de grdo umido de milho + SCAG vs. silagem de grédo tmido de milho
+ SCAG + Zinco + Cromo.

4 Resultados

4.1. Efeitos do processamento e da inclusdo de SCAG

A distribuicdo granulométrica para os 2 tipos de processamento (milho seco finamente
moido e silagem de grdo umido) esta apresentado na tabela 2. Aproximadamente 50% do milho
seco passou pela peneira de 1,18mm enguanto que a silagem apenas 30%, além do que, o tamanho
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1 médio de particulas para o milho seco triturado foi de 1,73mm contra 3,53mm da silagem de gréo
2 Umido conforme apresentado na tabela 2.

3  Tabela 2. Distribuicdo dos tamanhos de particulas para os processamentos adotados ao milho

4  utilizado no experimento.

Diametro da peneira, mm

TMP, Amido,
400 200 1,70 1,18 0,85 0,50 0,30 0,15 Fundo mm %
Item Percentual retido
SGU 41,22 17,63 5,03 7,07 4,12 11,00 6,52 7,03 0,38 3,53 67,86
MFM 3,05 19,95 10,95 16,97 10,09 21,49 9,71 7,34 0,46 1,73 69,11

5 TMP = tamanho médio de particula. O tamanho médio de particula de 3 amostras de SGU e MFM foram avaliados na amostra seca
6 a 65°C, usando métodos adaptados de Yu et al. (1998), com acréscimo da peneira de 1,70mm e substituicdo das peneiras de 1,00,
7 0,60, 0,43 e 0,25 por peneiras de 1,18, 0,50, 0,30 e 0,15 respectivamente.

8

9 Os resultados do perfil de &cidos graxos do SCAG utilizado nas dietas para os tratamentos

10 3,4 e 5 estdo apresentados na tabela 3.

11 Tabela 3. Perfil dos &cidos graxos do SCAG utilizado nas dietas do experimento.
Acido Graxo Percentual, %
AGS! 53,12
C8:0 (caprilico) 0,033
C10:0 (capricho) 0,183
C12:0 (laurico) 2,862
C14:0 (meristico) 1,868
C15:0 (pentadecandico) 0,080
C16:0 (palmitico) 42,425
C17:0 (margarica) 0,136
C18:0 (estearico) 5,213
C20:0 (araquidico) 0,318
AGI? 43,69
AGMI3 31,78
C16:1 cis9 (palmitoleico) 0,189
C17:1 (heptadecandico) 0,025
C18:1 cis 9 (oleico) 31,51
C20:1 (eicosendico) 0,057
AGPI4 11,90
C18:2 cis 9, cis12 (Linoléico) 11,72
C20:3 cis8, cisll, cis 14 (acido di-homo-y-linolenico 0,185
Proporcdes
AGMI:AGS 0,59
AGPIL:AGS 0,22
AGIL:AGS 0,82

12 IAGS= Acido graxo saturado, 2Acido graxo insaturado, 3Acido graxo monoinsaturado, *Acido graxo poliinsaturado,
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Os resultados referentes as variaveis de desempenho dos animais estdo apresentadas na
tabela 4. Os animais ndo apresentaram diferenca quanto ao PVI, entretanto houve efeito de
processamento do milho para PVF e GMD (P=0,03). Além do que, a IMS foi menor (P<0,05) para
os animais alimentados com silagem de gréo imido, seja em kg como em % do PV. A inclusdo de
SCAG melhorou o PVF e o0 PCQ dos animais (P=0,02), assim como o0 GMD e ganho de carcaca
(P=0,02). Os animais tratados com SCAG apresentaram menor IMS no periodo de adaptacédo
(P=0,01) e menor flutuacdo (P=0,02).

Na tabela 5 sdo apresentados os resultados de caracteristicas da carcaga dos animais. Ndo
foram encontradas diferencas para os parametros de carcaca nos animais tratados com milho seco
ou silagem de grdo umido. Houve efeito da inclusdo de SCAG para o ganho de gordura na P8
(P=0,05).
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1 Tabela 4. Efeitos dos protocolos nutricionais de adensamento energético sobre o desempenho de animais Nelore terminados em confinamento
2 classificados em alta e baixa DEP.

Milho seco Milho Umido Contraste (valor de P)
SCAG- SCAG+ SCAG- SCAG+ SCAG+ZnCr EPM Milho SCAG Milho*SCAG ZnCr DEP*TRAT!

Item

PVI? kg 407,16 404,21 403,43 403,11 403,51 10,311 0,31 0,49 0,58 0,89

PVF3, kg 564,49 581,54 580,63 588,97 581,25 3,832 0,03 0,02 0,37 0,37

PCQ* inicial, kg 204,15 202,67 202,28 202,12 202,32 5170 0,31 0,49 0,58 0,90

PCQ final, kg 309,89 320,41 318,99 322,21 320,87 2,771 0,07 0,02 0,21 0,72
Rendimento, % 54,98 54,96 54,76 54,77 55,37 0,216 0,25 0,99 0,96 0,02

GMD?® d28, kg 0,835 0,833 1,164 1,256 1,404 0,1005 0,01 0,73 0,72 0,43

GMD d56, kg 1,381 1,455 1,495 1,562 1,512 0,0459 0,04 0,17 0,94 0,54

GMD d84, kg 1,455 1,526 1542 1,587 1,541 0,1275 0,10 0,23 0,78 0,45

GMD d112, kg 1,430 1,583 1,575 1,649 1,580 0,0343 0,03 0,02 0,37 0,37

GMD de carcaca, kg 0,957 1,051 1,038 1,067 1,055 0,0247 0,07 0,02 0,21 0,72
Rendimento do ganho 67,55 66,51 65,62 65,14 67,49 0,755 0,01 0,27 0,69 0,01 <0,05
Eficiéncia biologica 141,49 131,67 128,70 122,18 122,57 2,102 <0,05 <0,05 0,46 0,89 0,01
IMS®, kg 10,10 10,18 9,80 9,63 9,54 0,127 <0,05 0,72 0,34 0,62

IMS, % PV 2,08 2,06 1,99 1,94 1,94 2,002 <0,05 0,12 0,47 0,96

IMS Adaptacéo, kg 7,87 8,39 7,69 8,15 8,21 0,155 0,17 0,01 0,84 0,76

IMS Total, kg 1020,00 1028,23 990,13 972,27 963,45 12,840 <0,05 0,72 0,34 0,62

Flutuacdo, kg 0,38 0,38 0,42 0,33 0,31 0,023 0,65 0,02 0,02 0,38

Flutuacdo, % 4,08 4,08 4,50 3,70 3,40 0,269 0,91 0,11 0,11 0,34

Eficiéncia, kg/kg 0,142 0,156 0,162 0,170 0,165 0,003 <0,05 0,00 0,40 0,09 0,02
ELm’ observada 1,922 2,035 2,102 2,186 2,134 0,021 <0,05 <0,05 0,52 0,06 0,01
ELg® observada 1,275 1,375 1,433 1,507 1,461 0,018 <0,05 <0,05 0,52 0,06 0,01

Relagdo ELm 1,063 1,065 1,100 1,088 1,062 0,011 0,01 0,64 0,54 0,07 0,01
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Relacéo ELg 0,926 0,928 0,887 0,896 0,924 0,012 0,01 0,66 0,79 0,09 0,01

1 SCAG: Sabao de célcio de acidos graxo, inclusdo na dieta (+) ndo inclusdo (-); XInteragdo entre tratamento e DEP; 2Peso vivo inicial; 3Peso vivo final; “Peso de carcaga quente; *Ganho médio
2 didrio; 8Ingestdo de matéria seca; "Energia liquida de mantenga; 8Energia liquida de ganho.
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1  Tabela5. Efeitos dos protocolos nutricionais de adensamento energético sobre as caracteristicas de carcaga de animais Nelore terminados em confinamento
2 classificados em alta e baixa DEP.

3
Milho seco Milho Umido Contraste (valor de P)
SCAG- SCAG + SCAG- SCAG+ SCAG+ZnCr EPM Milho SCAG Milho* SCAG ZnCr DEP*TRAT!
AOL2 inicial, cm? 62,53 66,91 64,67 64,78 63,24 0,672 1,00 0,01 0,01 0,16
AOL final, cm? 82,58 85,28 82,91 83,69 82,17 1,085 0,57 0,15 0,43 0,27 0,04
AOL ganho, cm? 0,155 0,174 0,159 0,168 0,158 0,0097 0,92 0,19 0,62 0,45
EGS3 inicial, mm 2,70 2,64 2,91 2,86 2,88 0,078 0,02 0,49 0,99 0,86
EGS final, mm 5,57 6,18 5,96 6,09 6,58 0,182 0,43 0,06 0,22 0,05 0,03
EGS ganho, mm 0,024 0,029 0,027 0,028 0,033 0,0016 0,43 0,06 0,22 0,05 0,03
P8* inicial, mm 4,34 4,11 4,39 4,48 4,63 0,113 0,12 0,59 0,23 0,21
P8 final, mm 8,34 9,25 9,11 9,16 9,58 0,243 0,28 0,13 0,17 0,42 <0,05
P8 ganho, mm 0,034 0,044 0,040 0,041 0,044 0,0026 0,50 0,05 0,10 0,38
Marmoreio inicial, % 2,34 2,42 2,43 2,41 2,41 0,042 0,52 0,54 0,34 0,84 <0,05
Marmoreio final, % 3,27 3,32 3,36 3,32 3,27 0,069 0,56 0,98 0,54 0,56
Marmoreio inicial, cm? 1,46 1,62 1,56 1,56 1,52 0,027 0,60 0,02 0,02 0,35 <0,05
Marmoreio final, cm? 2,72 2,78 2,79 2,79 2,72 0,051 0,57 0,59 0,66 0,34
Marmoreio ganho, cm? 1,170 1,238 1,240 1,247 1,171 0,0500 0,57 0,59 0,66 0,34

4 SCAG: Sabdo de célcio de acidos graxo, inclusdo na dieta (+) ndo inclusdo (-); lInteragdo entre tratamento e DEP; 2 Area de olho de lombo; 3Espessura de gordura subcutanea; “Espessura de gordura na
5 picanha.
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Na tabela 6 sdo apresentados os resultados referentes ao comportamento ingestivo
dos animais. Os animais tratados com silagem de grdo umido apresentaram menor ingestao
de FDN (P<0,05) e FDNfe (P=0,02), e piores eficiéncias da alimentacdo de FDNfe (P<0,05)
e ruminacgdo do FDNfe (P=0,03). A inclusdo de SCAG elevou o nimero de refei¢des (P=0,02)
e reduziu a IMS por refeicdo (P<0,05), também reduziu a ingestdo de FDN (P<0,05) e de
FDNfe (P=0,01), e piores eficiéncia na alimentacdo do FDNfe (P<0,05) e na ruminacao do
FDNfe (P=0,01).

Na tabela 7 sdo apresentados os resultados de morfometria ruminal dos animais. Os
animais tratados com silagem de grdo Umido de milho apresentaram maiores escores de
rumenite (P=0,01), porém ndo foram encontradas diferencas para as caracteristicas
morfométricas. Em contra partida a inclusdo de SCAG reduziu o indice de rumenite dos

animais (P=0,04), e também ndo diferiram nas caracteristicas morfométricas.
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1  Tabela 6. Efeitos dos protocolos nutricionais de adensamento energético sobre as variaveis de comportamento ingestivo de animais Nelore terminados em
2 confinamento classificados em alta e baixa DEP.

Milho seco Milho mido Contraste (valor de P)

SCAG - SCAG + SCAG - SCAG+ SCAG+2zZnCr EPM Milho SCAG Milho* SCAG ZnCr DEP*TRAT!
Tempo em 6cio, min 975,42 902,50 934,48 932,09 970,30 22,647 0,76 0,09 0,11 0,36
Tempo em ruminagdo, min 283,20 335,06 338,97 323,86 303,28 23,232 0,38 047 0,20 0,60 0,03
Tempo em alimentagdo, min 191,87 172,21 153,72 177,33 173,83 9,286 0,10 0,84 0,04 0,77 0,03
NUmero de refeicoes, n 9,67 11,21 9,39 10,72 10,88 0,535 0,46 0,02 0,85 0,83
IMS?, kg 11,55 10,29 10,97 10,11 9,99 0,218 0,19 <0,05 0,49 0,72 0,04
Eficiéncia na alimentacdo da
MS,min/kg 17,00 16,60 13,77 17,76 17,44 0,947 0,31 0,07 0,03 0,80 0,03
Eficiéncia na ruminacédo da MS,
min/kg 23,69 34,61 31,33 31,91 29,31 2,169 0,28 0,02 0,04 0,50 0,03
IMS por refeicéo, kg 1,19 1,00 1,20 0,96 0,93 0,069 081 <0,05 0,76 0,77
Tempo de alimentagéo por
refeicdo, min 19,45 15,89 17,07 16,92 16,15 0,881 0,51 0,08 0,11 0,42 0,03
Ingestdo de FDNB, kg 12,11 10,25 10,02 7,70 9,28 0,441 <0,05 <0,05 0,64 0,01
Eficiéncia na alimentacao de
FDN, min/kg 16,66 15,65 15,58 23,45 19,45 1,126 <0,05 0,01 <0,05 0,01 0,01
Eficiéncia na ruminacéo do
FDN, min/kg 20,00 33,30 36,77 43,06 32,34 2,719 <0,05 <0,05 0,23 0,04 <0,05
Ingestdo de FDNfe?, kg 2,36 1,85 1,97 0,81 1,32 0,206 0,02 0,01 0,25 0,01
Eficiéncia na alimentacao do
FDNfe, min/kg 104,62 85,06 86,74 241,38 149,73 17,623 <0,05 <0,05 <0,05 <0,05

Eficiéncia na ruminagéo do
FDNfe, min/kg 194,71 197,98 171,43 422,02 232,97 37,858 0,03 0,01 0,01 0,02
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Longas 0,90 1,00 0,98 1,03 1,01 0,037 032 0,18 0,70 0,08 <0,05

Médias 0,99 1,04 1,02 1,03 1,04 0,008 0,19 <0,05 0,01 0,73 0,03

Curtas 1,01 1,01 1,00 1,01 1,01 0,001 0,38 <0,05 0,22 0,12

Finas 0,99 0,96 0,99 0,97 0,97 0,003 0,22 <0,05 0,20 0,92 0,03
3 SCAG: Sabao de célcio de acidos graxo, inclusdo na dieta (+) ndo inclusdo (-); tInteragdo entre tratamento e DEP; 2Ingestdo de matéria seca; 3Fibra em detergente neutro; “Fibra em detergente neutro

4

fisicamente efetiva
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Tabela 7. Efeitos dos protocolos nutricionais de adensamento energético sobre as variaveis de morfometria ruminal de animais Nelore terminados em

confinamento classificados em alta e baixa DEP.

Milho seco Milho Umido Contraste (valor de P)
SCAG- SCAG + SCAG- SCAG+ SCAG+2ZnCr EPM Milho SCAG Milho* SCAG ZnCr DEP*TRAT!
Escore de rimen 0,96 0,73 1,12 0,99 0,98 0,081 0,01 0,04 0,54 0,96
indice de rumenite, % 9,60 7,29 11,17 9,89 9,83 0,814 0,01 0,04 0,54 0,96
AMP 2 0,45 0,41 0,39 0,48 0,44 0,022 0,96 0,22 0,01 0,15 <0,05
ASA3 20,67 19,48 18,18 21,86 19,26 0,690 0,93 0,08 <0,05 0,01 <0,05
NMP* 47,40 46,48 46,99 44,41 42,02 1,229 040 0,25 0,58 0,04 <0,05
APSA® 94,98 94,90 94,56 95,57 94,95 0,256 0,64 0,08 0,05 0,08

SCAG: Sabdo de calcio de acidos graxo, inclusdo na dieta (+) ndo inclusdo (-); tInteracdo entre tratamento e DEP; 2Area média das papilas; 3Area de superficie absortiva; “Numero médio de papilas; 5
Representatividade das papilas na superficie absortiva
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Na tabela 8 sdo apresentados os resultados metabdlicos mensurados no sangue dos animais. N&o foi encontrada diferenca significativa

para o processamento do milho, da mesma forma como para a incluséo de SCAG.

Tabela 8. Efeitos dos protocolos nutricionais de adensamento energético sobre as variaveis de metabodlitos sanguineos de animais Nelore

terminados em confinamento classificados em alta e baixa DEP.

Milho seco Milho Umido Contraste (valor de P)
SCAG- SCAG + SCAG- SCAG+ SCAG+ZnCr EPM Milho SCAG Milho* SCAG ZnCr DEP*TRAT!
Insulina, mIU/L 10,11 10,49 10,94 12,45 7,46 1491 035 0,53 0,72 0,02 0,38
Glicose, mg/dl 75,30 72,15 80,05 75,58 81,17 3832 041 044 0,89 0,02 0,08
AGNE?, umol/L 74,31 57,88 80,48 78,43 69,93 6,508 0,01 0,06 0,16 0,19 <0,01

SCAG: Sabdo de célcio de acidos graxo, inclusdo na dieta (+) ndo inclusdo (-); ! Interagdo entre tratamento e DEP; 24cidos graxos ndo esterificados.
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4.2. Interagéo entre processamento do milho e inclusdo de SCAG

Houve interagéo entre o processamento do milho e inclusdo de SCAG para flutuagéo no
consumo dos animais como mostrado na figura 1.

0,45 a
0,4 ab abc
0,35 bc
2 03
< 0,25
O
S 02
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0,05
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T1 T2 T3 T4

Tratamentos

Figure 1. Integracédo entre processamento do milho e a incluséo de SCAG na dieta de animais
terminados em confinamento sobre a flutuacdo do consumo em animais Nelore terminados em
confinamento. T_1) Grdo de milho seco finamente moido; T_2) Silagem de grdo Umido de
milho; T_3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de grdo de milho
Umido + SCAG.

Também os resultados de AOL incial apresentaram interacdo entre o processamento do
milho e a inclusdo de SCAG (P=0,01) como apresentado na figura 2.



v b W N

(o))

10
11
12
13
14

15

64

AOL Inicial, cm?
OO OOOHOOOOOOOO O
OFRPNWDOIO N

a
b ab
| I I
T1 T2 T3 T4
Tratamentos

Figure 2. Interacdo entre processamento do milho e da inclusdo de SCAG sobre a AOL inicial
dos em animais Nelore terminados em confinamento. T_1) Gréo de milho seco finamente
moido; T_2) Silagem de grdo imido de milho; T_3) Grdo de milho seco finamente moido+
SCAG,; T_4) Silagem de grdo de milho umido + SCAG.

Houve interacédo entre o processamento do milho e a inclusdo de SCAG para eficiéncia
na ruminacdo de FDNfe (P=0,01) e eficiéncia na alimentacdo do FDNfe (P<0,05), como

apresentados nas figuras 3A e 3B respectivamente.
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Figure 3. Interacdo entre processamento do milho e da inclusdo de SCAG sobre a eficiéncia da
ruminacdo do FDNfe (A) e eficiéncia da alimentacdo do FDNfe (B) em animais Nelore
terminados em confinamento. T_1) Gréo de milho seco finamente moido; T_2) Silagem de gréo
umido de milho; T_3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de gréo de
milho dmido + SCAG.
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Também houve uma interacdo entre processamento do milho e inclusdo de SCAG para

APSA das papilas como apresentado na figura 4.
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Figura 4. Interacéo entre processamento do milho e da inclusédo de SCAG sobre a APSA final
em animais Nelore terminados em confinamento. T_1) Grdo de milho seco finamente moido;
T_2) Silagem de grdo umido de milho; T_3) Grdo de milho seco finamente moido+SCAG,;
T_4) Silagem de grdo de milho umido + SCAG.

4.3. Interacdo entre os tratamentos e a DEP

Na figura 5 sdo apresentados os resultados de interacdo entre os tratamentos e a
classificagdo das DEP’s dos animais. A DEP dos animais influenciou no rendimento do ganho
(P<0,05), eficiéncia bioldgica (P=0,01) e eficiéncia alimentar (P=0,02), como apresentado nas

figuras 5A, 5B e 5C respectivamente.



N oo oo B WN

[o0]

10

66

A B
o 75 b . 200 4 bed
=] o
s 70 bca ab be b 2 S 150 bel Tpede b bede, ede g
g C Cd =
g“ 65 d 'd% % 100
—g 60 I g . 50
= 55 8 0
g T1 T2 T3 T4 T35 t'r.u% T1 T2 T3 T4 T35
?:J‘ Tratamentos Tratamentos
[

C

0.18 atad abed

abc
I de bee
ce e

T2 T3 T4 T35
Tratamentos

0,16

e
j=10]
'“;:L 0,14 I f
iy
0,12 [
T 1

Eficiencia Alimentar,

Figure 5. Influéncia da DEP no rendimento do ganho (A), eficiéncia biologica (B) e eficiéncia
alimentar (B) em animais Nelore terminados em confinamento. Em preto sdo animais
classificados em alta DEP para o marmoreio e em branco os animais com baixa DEP para o
marmoreio. T_1) Grao de milho seco finamente moido; T_2) Silagem de grdo umido de milho;
T _3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de grdo de milho imido +

SCAG; T_5) Silagem de grao de milho tmido + SCAG + zinco e cromo organico.

Foi encontrado interacdo entre os tratamentos e a DEP para os valores de ELm e ELg
(P=0,01) observados, bem como, para a sua relagdo com os valores previstos pelo programa de

formulacéo, como apresentados nas figuras 6A, 6B, 6C e 6D respectivamente.



O 00 N o v b~ w N

[EEN
o

11

12
13
14
15

67

A 2 bde O ab
on . oL go  APC0C clg abegabd pgf
= fy degepety palac WG =3 S gdef e
] > .
=2 g 1
=} 0
0
T1 T2 T3 T4 T5 T1 T2 T3 T4 T3
- Tratamentos - Tratamentos
£ C £ D
£gl2 ab abcde g L1
ﬁ 311 ac cdefg abc(}1 ¢ F-g % 1 bcd abc bc a
Q.5 bedegbde ef §Zo09 d
8 f S 8
$5 1 2 5038 I
2 H 20,7
09 : T2 T3 T4 T5
T1 T2 T3 T4 T5
Tratamentos Tratamentos

Figure 6. Influéncia da DEP na ELm observada (A) e ELg observada (B), bem como na relagéo
entre os valores de ELm observados e preditos (C) e ELg observados e preditos (D) em animais
Nelore terminados em confinamento. Os valores observados foram calculados conforme
metodologia citada acima, e os preditos sao os retirados do LRNS ap6s a formulagdo. Em preto
sdo animais classificados em alta DEP para 0 marmoreio e em branco 0s animais com baixa
DEP para 0 marmoreio. T_1) Grdo de milho seco finamente moido; T_2) Silagem de gréo
umido de milho; T_3) Grdo de milho seco finamente moido+SCAG; T_4) Silagem de gréo de
milho umido + SCAG; T_5) Silagem de grdo de milho Umido + SCAG + zinco e cromo

organico.

Os resultados de ultrassom mostram uma interagdo para os dados de marmoreio
inicial, seja em % ou em cm2 da AOL (P<0,05), figuras 7A e 7B respectivamente. Dados estes
que mostram que os grupos classificados iniciaram com niveis de gordura de marmoreio

diferentes.
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Figure 7. Interagdo entre a classificagdo pelas DEP’s para marmoreio € 0 marmoreio inicial
expresso em % (A) e em cm? (B) em animais Nelore terminados em confinamento. Em preto
sdo animais classificados em alta DEP para o marmoreio e em branco os animais com baixa
DEP para 0 marmoreio. T_1) Grdo de milho seco finamente moido; T_2) Silagem de gréo
umido de milho; T_3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de grao de

milho umido + SCAG; T_5) Silagem de grdo de milho Umido + SCAG + zinco e cromo

00 N oo u b~ W N

organico.

9 Foi encontrado interacdo entre tratamento e DEP para as variaveis AOL final (P=0,04),
10 espessura final de P8 (P<0,05), ganho de EGS (P=0,03) e EGS final (P=0,03), como apresentados
11 nas figuras 8A, 8B, 8C e 8D respectivamente.

12
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Figure 8. Influéncia da DEP na AOL final (A), espessura de gordura na P8 final (B), ganho em
EGS (C) e EGS final (D) em animais Nelore terminados em confinamento. Em preto séo
animais classificados em alta DEP para 0 marmoreio e em branco os animais com baixa DEP
para 0 marmoreio. T_1) Grdo de milho seco finamente moido; T_2) Silagem de grdo umido de
milho; T_3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de grdo de milho

umido + SCAG; T_5) Silagem de grdo de milho umido + SCAG + zinco e cromo organico.

Na figura 9 sdo apresentados os resultados de interacdo entre DEP pra tempo de

alimentacéo e tempo de ruminacdo (P=0,03) respectivamente.
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Figura 9. Influéncia da DEP no tempo de alimentacdo (A) e no tempo de ruminacdo (B) em
animais Nelore terminados em confinamento. Em preto sdo animais classificados em alta DEP
para 0 marmoreio e em branco os animais com baixa DEP para o marmoreio. T_1) Gréo de
milho seco finamente moido; T_2) Silagem de grdo imido de milho; T_3) Grao de milho seco
finamente moido+SCAG; T_4) Silagem de grdo de milho imido + SCAG; T_5) Silagem de

grdo de milho umido + SCAG + zinco e cromo organico.

Houve interacdo entre tratamento e DEP para a IMS (P=0,04) no dia do
comportamento (figura 10A), bem com, para a eficiéncia na alimentacdo (P=0,03) e na
eficiéncia na ruminagdo (P=0,03) da matéria seca (figuras 10B e 10C respectivamente), da
mesma forma como para a eficiéncia da alimentacdo (P=0,01) e da eficiéncia para ruminacédo
(P<0,05) do FDN (figuras 10E e 10F respectivamente). Por fim, o tempo médio por refeicdo

também foi influenciado pela DEP (P=0,03) como mostrado na figura 10D.
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Figure 10. Influéncia da DEP na IMS (A), eficiéncia da alimentacdo da MS (B), eficiéncia
da ruminacdo da MS (C), tempo médio de refeicdo (D), eficiéncia da alimentacdo de FDN
(E) e eficiéncia da ruminacdo de FDN (F) em animais Nelore terminados em
confinamento. Em preto sdo animais classificados em alta DEP para o marmoreio e em
branco os animais com baixa DEP para o marmoreio. T_1) Grao de milho seco finamente
moido; T_2) Silagem de grdo umido de milho; T_3) Grdo de milho seco finamente
moido+SCAG; T_4) Silagem de gréo de milho imido + SCAG; T_5) Silagem de gréo de

milho dmido + SCAG + zinco e cromo organico.
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Na figura 11 sdo apresentados os resultados de interacdo entre tratamento e DEP para
os dados de indice de selecdo de particulas. Foi encontrado interacdo para particulas acima de
19mm (P<0,05), entre 8 e 19 mm (P=0,03) e para as particulas retidas na caixa (P=0,03), ou

seja, inferiores a 1,18mm (figuras 11A, 11B e 11C respectivamente).
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Figure 4. Influéncia da DEP no indice de selecdo na “peneira de 19mm (A), na peneira de 8mm
(B) e no fundo (menor que 1,18mm) (C), em animais Nelore terminados em confinamento. Em
preto sdo animais classificados em alta DEP para 0 marmoreio e em branco os animais com
baixa DEP para o marmoreio. T_1) Grdo de milho seco finamente moido; T_2) Silagem de
grdo umido de milho; T_3) Grédo de milho seco finamente moido+SCAG; T_4) Silagem de grdo
de milho umido + SCAG; T_5) Silagem de grdo de milho imido + SCAG + zinco e cromo

organico.

Na figura 11 sdo apresentadas as interacfes entre os tratamentos e as DEP para 0s
resultados de morfometria ruminal. Foi encontrado interagdo para AMP (P=0,03), ASA
(P<0,05) e NMP (P<0,05) ilustrados nas figuras 11A, 11B e 11C respectivamente.
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Figure 11. Influéncia da DEP na area média das papilas (A), area da superficie absortiva (B) e
nimero médio de papilas (C) em animais Nelore terminados em confinamento. Em preto séo
animais classificados em alta DEP para 0 marmoreio e em branco 0s animais com baixa DEP
para 0 marmoreio. T_1) Grdo de milho seco finamente moido; T_2) Silagem de grdo umido de
milho; T_3) Grao de milho seco finamente moido+SCAG; T_4) Silagem de grdo de milho

umido + SCAG; T_5) Silagem de grdo de milho umido + SCAG + zinco e cromo organico.

Na figura 12 € apresentado os resultados de interacdo entre os tratamentos e a DEP para
os niveis de NEFA (P<0,01).
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Figure 12. Influéncia da DEP nos niveis finais de NEFA de animais Nelore terminados em
confinamento. Em preto sdo animais classificados em alta DEP para o marmoreio e em branco
0s animais com baixa DEP para o marmoreio. T_1) Gréo de milho seco finamente moido; T_2)
Silagem de grdo umido de milho; T_3) Grdo de milho seco finamente moido+SCAG; T_4)
Silagem de grdo de milho umido + SCAG; T_5) Silagem de grdo de milho umido + SCAG +

Zinco e cromo organico.
4.4. Efeito da incluséo de Zn e Cr organicos

A inclusdo de Zn e Cr orgéanicos na dieta dos animais melhorou o rendimento de carcaca
(P=0,02), aumentou a ingestdo de FDN (P=0,01) e de FDNfe (P=0,01), e melhorou a eficiéncia
na alimentacdo (P<0,05) e na ruminacdo (P=0,02) do FDNfe. Nos metabdlitos sanguineos a
inclusdo dos minerais organicos na dieta dos animais reduziu a concentragdo de insulina e

aumentou as de glicose (P=0,02).

5 Discusséo

Nossos resultados de desempenho dos animais no presente estudo mostram que
incrementos no processamento do milho através do processo de ensilagem, melhorou 0 GMD
e 0 PVF dos animais em 0,106g, 11,8kg respectivamente diferentemente do que foi reportado
por Caetano et al. (2019). O resultado classico para a utilizacao de silagem de grdo umido é de
reduzir a IMS (Huntington, 1997; Cooper et al., 2002; Caetano et al. 2019), e manter o
desempenho resultado da melhoria na disponibilidade do amido em virtude da solubilizagéo da

matriz proteica que encapsula os granulos de amido (Hoffman et al. 2010) decorrente da
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producdo de acido lctico e &cido acético (Lawton, 2002). Esta reducdo na IMS também foi
observada neste estudo de modo que ao final os animais apresentaram consumo de 42,9kg
menor que os animais alimentados com milho seco, este fato pode ser relacionado ao melhor
aproveitamento do amido no rumen dos animais, que possivelmente prioriza a via de producéo
de propionato (Owens et al. 1997), que ao adentrar os hepatocitos regulam a IMS por feedback
com processos oxidativos (Allen et al. 2009), j& que os valores de amido dietético para os dois

tipos de processamento ndo apresentaram grande variagéo (tabela 2).

Estas melhorias nos processos metabdlicos convertidos em melhor aproveitamento e
consequente melhora na eficiéncia, faz com que este método de processamento alcance mais
espaco no cenario atual (Silvestre e Millen 2021), em que 0s insumos tém atingido patamares
elevados, com elevacdo nos custos das diarias (LAE, 2022). Associado a isso, no Brasil os
principais hibridos cultivados sdo de endosperma duro, o que justifica a maior extensao do
processamento dos grdos, para evitar perdas pela ndo digestdo deste ingrediente o trato
gastrointestinal dos animais. Entretanto, a maior disponibilidade do amido para fermentagdo no
ramen (Owens et al.1986) associada a maiores niveis de inclusdo de ingredientes com altos
teores desta molécula pode levar a acidificacdo do compartimento (Nagaraja e Titgemeyer
2007), em virtude da elevacédo da producdo de AGCC podendo reduzir o pH ruminal lesionando
0 epitélio ruminal, elevando a incidéncia de rumenite. Embora neste estudo o indice de rumenite
tenha sido baixo, os animais alimentados com silagem de grdo Umido apresentaram maiores

incidéncias de lesoes.

Como forma de controlar elevacbes no aparecimento de lesdes, a substitui¢do de parte
do amido das dietas por SCAG é uma alternativa, ja que neste estudo sua inclusdo reduziu o
indice de lesdo no ramen, e melhorou em 12,7kg o PVF e 0,114g no GMD dos animais, além
do que, melhorou 0 PCQ em 6,9kg, porém diferentemente do que ja foi reportado na literatura
(Allen, 2000; Carvalho et al. 2020), ndo impactou na IMS geral do periodo de confinamento,
porém ao considerarmos a IMS do periodo de adaptacao, encontramos um acréscimo de 0,490g
na ingestdo diaria com o uso de SCAG. Este achado pode ser relacionado a reducdo da incluséo
de carboidratos de alta fermentacdo, o que reduziria a taxa de fermentagdo no interior do rimen
ja que a gordura ndo é metabolizada no ramen, resultado este que pode auxiliar no manejo
nutricional para a fase de adaptacdo dos animais, provendo a maximizagdo do consumo dos

animais, sem acarretar distdrbios ao rimen.
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A inclusdo de SCAG também resultaram em melhorias nas caracteristicas de carcaca
dos animais. Os resultados de deposicédo diaria de gordura na P8 melhoraram, o que pode estar
relacionado ao perfil de acidos graxos do SCAG, uma vez que, 0 acido oleico tem sido
reconhecido como potente na lipogénese do acetato, além de estimular a sintese de gordura
intramuscular a partir da glicose (Smith e Johnson, 2016), uma vez que, a glicose é o principal
substrato fornecedor de carbono para a sintese “de novo” de lipideos intramusculares (Smith e
Crouse, 1984) Os protocolos sugeridos neste estudo objetivaram elevar a producdo dos seus
intermediarios gliconeogénicos no rimen dos animais. Porém ao relacionarmos estes resultados
com 0s metabolitos sanguineos, ndo foram encontradas diferencas para os niveis de glicose

circulantes entre os métodos de processamentos do milho e a presenca ou ndao de SCAG.

Porém a inclusdo dos minerais organicos nas dietas, reduziu os niveis de insulina e
aumentaram os niveis de glicose, o que se faz coerente, uma vez que, a insulina sendo
responsavel pela sinalizacdo para captacdo da glicose pelas células, sua menor concentracao
aumentaria os niveis de glicose. Porém este fato contradiz os efeitos dos minerais Zn e Cr, uma
vez que suas funcBes tém se associado a biossintese de insulina (Tang et al. 2001; Miranda e
Dey, 2004; Kelleher et al. 2011; Tamaki et al. 2013) e melhora na sensibilidade a insulina
(Davis e Vicent, 1997; Vicent, 2014) respectivamente, embora em nosso estudo nao tenhamos
realizado a mensuracao de niveis séricos de Zn e Cr, pesquisas tém relacionado a manifestacdo
de diabetes tipo 1 a elevagdo nos dos niveis séricos de Zn (Canfield et al. 1984), bem como sua
elevacdo no figado e rins (Failla e Kiser, 1981), além do que, foi demostrado que a
suplementacdo com Cr pode afetar os parametros de resisténcia a insulina em tecidos adiposos
e outros tecidos do corpo através de sinais imunoldgicos, como a resposta de citocinas pro-
inflamatorias (Wellen e Hotamisligil, 2005). Da mesma forma como em nosso estudo, Leiva et
al. (2017) trabalhando com vacas de leite em teste de tolerancia a glicose, reportaram reducao
nos niveis de insulina para vacas tratadas com Cr em dietas de alta energia, porém esta diferenca
foi observada para animais alimentados com milho apenas, quando parte do milho foi

substituido por polpa citrica essa diferenca desapareceu.

Em termos de desempenho nossos resultados em resposta a inclusdo de Zn e Cr
orgénicos na dieta demostraram pequenas melhorias no rendimento de carcagas dos animais,
diferentemente do que foi reportado por Vallini et al. (2020) onde o rendimento foi deprimido
com a incluséo de Zn. Além disso Budde et al. (2019) utilizando associac¢éo de Zn na forma de
hidrocloreto (90 mg/kg) associado com Cr (0,25 mg/kg) reportaram melhoras no PVF, GMD e
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PCQ dos animais. Os niveis de inclusdo de Zn utilizado neste estudo (90 mg/kg) estdo acima
dos 30 mg/kg recomendados pelo NASEM (2016), como também dos 55,08 mg/kg utilizado
pelos nutricionistas brasileiros como reportado por Silvestre e Millen (2021), poréem dentro dos
87,3 mg/kg utilizados pelos nutricionistas norte-americanos como demostrado por Samuelson
et al. (2016). Embora ndo se tenha recomendac@es nutricionais para niveis de suplementacao
de Cr, Baggerman et al. (2020) testando niveis de inclusdo de 0,15, 0,30 e 0,45 reportaram
respostas crescentes para peso vivo, GMD, eficiéncia e PCQ, semelhante ao que ja havia sido
reportado por Bernhard et al (2012) ao testaram niveis de 0,1, 0,2 e 0,3 mg/kg. Dessa forma
mais estudos devem ser conduzidos para elucidar os impactos da suplementacdo dos minerais

para bovinos.

A interacdo dos protocolos nutricionais apresentados neste estudo com o ranqueamento
dos animais pela DEP de marmoreio, demostrou diferencas para as deposicdes de gordura sobre
o musculo Longissimus dorsi e sobre a picanha, indicando que a classificacdo de animais com base
nas DEPs de seus pais pode compor um fator de ajuste dietético na classificacdo e separagdo de
lotes, uma vez que, como observamos na figura 6, os animais classificados como alta DEP
apresentam melhorias na deposicdo de gordura com menores incrementos na dieta, ja que apenas
com a alteracdo no processamento do milho se alcanca uma estabilidade na EGS e P8. Por outro
lado, animais classificados como baixa DEP parece necessitar de maior suporte energético e
tecnoldgico nas dietas para atingirem tais patamares. Muitos estudos tem demostrado que embora
a celularidade do animal possa ser manipulada no terco final da gestacéo e inicio da vida (Wertz et
al., 2001, 2002; Pyatt et al., 2005a, b; Corah e McCully, 2007; Du et al. 2013), o principal
determinante na presenca do adipdcito é o fator genético, uma vez que a presenca de pré-
adipocitos em maiores quantidades tém maiores impactos na quantidade de gordura, em virtude
do seu enchimento. Deste modo a sele¢do para elevar indices de marmoreio pode ser implantada
utilizando-se das DEPs dos touros, uma vez que esta caracteristica detém uma estimativa de
herdabilidade de moderada a alta (Bertrand et al., 2001), sendo possivel partindo-se destes

valores ranquear 0s animais para planos nutricionais especificos.

6 Consideracgoes

Nossos resultados mostram que para animais alimentados com silagem de grdo umido
melhoram a eficiéncia sem prejudicar o desempenho. A inclusdo de SCAG melhorou o
desempenho sem alterar a IMS dos animais. A inclusdo dos minerais organicos néo alterou os

parametros de desempenho e caracteristicas de carcaca dos animais. Animais classificados no
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grupo de alta DEP necessitam de menores incrementos na dieta para otimizar a deposicéo de
gordura, enquanto que animais classificados com baixa DEP necessitam maiores incrementos

no manejo nutricional para alcancar esta deposicao.
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