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RESUMO

A nutricdo materna pode melhorar o desenvolvimento dos tecidos muscular e adiposo fetais,
que tem influencia sobre o desempenho, caracteristicas de carcaca e da carne da progénie.
Adicionalmente, o uso de gordura protegida no ramen em dietas de terminagdo para a
progénie de vacas com nutricdo adequada durante a gestagéo pode ser uma fonte doadora de
acidos graxos para aumento da deposicdo de gordura intramuscular na carne. Diante disso,
objetivou-se avaliar os efeitos da suplementagéo proteica de vacas Nelore em pastejo durante
0 segundo e terceiro trimestre de gestacdo sobre o desempenho, as caracteristicas de carcaca,
qualidade da carne e a expresséo de genes miogénicos e lipogénicos da progénie terminada
em confinamento com dietas com ou sem inclusdo de gordura protegida no rimen. Quarenta e
oito novilhos Nelore imunocastrados com 341 + 7,54 kg de peso corporal inicial e 21 £ 0,7
meses de idade foram distribuidos em um delineamento inteiramente casualizado em esquema
fatorial 2 x 2 com os seguintes tratamentos: duas condi¢cdes de manejo nutricional das vacas
gestantes e duas dietas de terminacdo da progénie. Apos 124 + 21 dias de gestacdo até o parto,
metade das vacas em pastejo receberam 1 kg/vaca/dia de suplemento proteico (SUPP; 36,9%
de PB) e a outra metade apenas sal mineral (CTL). Novilhos nascidos de mées de ambos 0s
grupos foram alocados em baias individuais (2 x 5 m) por 175 dias, incluindo 40 dias de
adaptacdo as baias e as dietas. Metade de cada progénie foi alimentado sem (NFAT) ou com
gordura protegida no rumen (RPF; 6% de sais de calcio), e ambas as dietas tinham 12,7% de
bagaco de cana e 87,3% de concentrado. Peso corporal inicial e final dos novilhos, e peso das
dietas e sobras foram registrados para medidas de desempenho em confinamento. Os novilhos
foram abatidos em frigorifico comercial para avaliacdo das caracteristicas de carcaca e
amostragem do musculo longissimus thoracis para analises de expressdo génica. Além disso,
foram coletadas amostras de carne do longissimus lumborum para analises qualitativas. De
forma geral, a suplementacdo materna ndo afetou o desempenho em confinamento,
caracteristicas de carcaca e qualidade da carne (P > 0,05). Suplementacdo materna aumentou
a expressao de MyHC | e CPT2 (P < 0,05) e tendeu a regular positivamente os genes FASN e
ACACA (P < 0,10) da progénie. Alimentagdo com RPF diminuiu o consumo de matéria seca,
peso corporal final, ganho médio diario e peso de carcacga (P < 0,05), sem efeito na eficiéncia
alimentar (P = 0,60). Enquanto isso, a inclusdo de RPF aumentou a expressédo de MyHC I,
MyHC I1x, IGFR1, COL3AL, FN1, ACACA (P < 0,05) e tendeu a regular positivamente o gene
SREBF1 (P = 0,07). Em concluséo, a suplementacdo materna e o uso de RPF na dieta de
terminacdo da progénie afetou a expressao de genes lipogénicos em musculo, sem efeitos
fenotipicos sobre a carne. Adicionalmente, 0 manejo nutricional materno ndo afetou o
desempenho nem caracteristicas de carcaca da progénie. Em contraste, a alimentacdo de
novilhos com RPF afetaram o ganho de peso em confinamento e peso das carcagas, sem efeito
sobre a eficiéncia alimentar.

Palavra-chave: Eficiéncia alimentar. Expressdo génica. Fibra muscular. Maciez.
Programacao fetal.



ABSTRACT

Maternal nutrition can improve the development of fetal muscle and adipose tissues, which
has an influence on the performance, carcass and meat traits of the offspring. In addition, the
use of rumen-protected fat in finishing diets for the offspring from dams with adequate
nutrition during pregnancy can be a donor source of fatty acids to increase the deposition of
intramuscular fat in meat. Therefore, this study aimed to evaluate the effects of protein
supplementation of Nellore cows grazing during the second and third trimester of gestation on
the performance, carcass characteristics, meat quality and the expression of myogenic and
lipogenic genes of offspring finished in feedlot on diets with or without inclusion of rumen-
protected fat. Forty-eight immunocastrated Nellore steers with 341 + 7.54 kg of initial body
weight were distributed in a completely randomized design using a 2 x 2 factorial
arrangement with the following treatments: two nutritional management conditions of the
dams and two finishing diets of the progeny. After 124 + 21 days of gestation until calving,
half of the grazed cows received 1 kg/cow/day of protein supplement (SUPP; 36.9% of CP)
and the other half only mineral salt (CTL). Steers born from dams of both groups were housed
in individual pens (2 x 5 m) for 175 days, including 40 days of adaptation to the pens and
diets. Half of each offspring was fed without (NFAT) or rumen-protected fat (RPF; 6%
calcium salts), and both diets had 12.7% sugarcane bagasse and 87.3% concentrate. Initial and
final body weight of steers and weight of feed and orts were recorded for measures of feedlot
performance. Steers were slaughtered in a commercial slaughterhouse to assess the carcass
traits and sampling of the longissimus thoracis muscle for gene expression analyzes. In
addition, meat samples from longissimus lumborum were collected for qualitative analysis. In
general, maternal supplementation did not affect feedlot performance, carcass characteristics
and meat quality traits (P > 0.05). Maternal supplementation increased the expression of
MyHC | and CPT2 (P < 0.05) and tended to up-regulate the FASN and ACACA genes (P <
0.10) in the offspring. Feeding with RPF decreased the dry matter intake, final body weight,
average daily gain and carcass weight (P < 0.05), with no effect on feed efficiency (P = 0.60).
Meanwhile, feeding with RPF increased the expression of MyHC I, MyHC IIx, IGFR1,
COL3A1, FN1, ACACA (P < 0.05) and tended to up-regulate SREBF1 gene (P = 0.07). In
conclusion, maternal supplementation and the use of the RPF in the finishing diet of offspring
affected the expression of lipogenic genes in muscle, with no phenotypic effects on meat.
Additionally, maternal nutritional management did not affect the performance or carcass
characteristics of the offspring. In contrast, feeding RPF to steers affected feedlot weight gain
and carcass weight, with no effect on feed efficiency.

Keywords: Feed efficiency. Fetal programming. Gene expression. Muscle fiber. Tenderness.



RESUMEN

La nutricion materna puede mejorar el desarrollo de los tejidos muscular y adiposo fetales,
que influyen en el desempefio, caracteristicas de la canal y de la carne de la progenie.
Adicionalmente, el uso de grasas sobrepasantes en las dietas de terminacion para la progenie
de vacas con una nutricion adecuada durante la gestacion puede ser una fuente donante de
acidos grasos para aumentar la deposicion de grasa intramuscular en la carne. Por lo tanto, el
objetivo fue evaluar los efectos de la suplementacion proteica de vacas Nelore en pastoreo
durante el segundo y tercer trimestre de gestacion sobre el desempefio, caracteristicas de
canal, calidad de la carne y la expresion de genes miogénicos y lipogénicos de la progenie
terminada en confinamiento con dietas con o sin inclusion de grasas sobrepasantes. Cuarenta
y ocho novillos Nelore inmunocastrados con 341 + 7,54 kg de peso corporal inicial fueron
distribuidos en un disefio completamente al azar en un esquema factorial 2 x 2 con los
siguientes tratamientos: dos condiciones de manejo nutricional para vacas gestantes y dos
dietas de terminacion de la progenie. Después de 124 + 21 dias de gestacion hasta el parto, la
mitad de las vacas en pastoreo recibieron 1 kg/vaca/dia de suplemento proteico (SUPP; 36,9%
de PC) y la otra mitad solo sal mineral (CTL). Novillos nacidos de madres de ambos grupos
se colocaron en corrales individuales (2 x 5 m) por 175 dias, incluyendo 40 dias de adaptacion
a los corrales y a las dietas. Mitad de cada progenie se alimento sin (NFAT) o con grasa
sobrepasante (RPF; 6% de sales de calcio), y ambas dietas tenian 12,7% de bagazo de cafia y
87,3% de concentrado. Peso corporal inicial y final de los novillos, y peso de los alimentos y
las sobras fueron registrados para medir el desempefio en confinamiento. Los novillos fueron
sacrificados en un frigorifico comercial para evaluacion de las caracteristicas de la canal y
muestreo de musculo longissimus thoracis para analisis de expresion génica. Ademas, fueron
recolectadas muestras de carne de longissimus lumborum para anélisis cualitativas. En
general, la suplementacion materna no afect6 el desempefio en confinamiento, caracteristicas
de la canal y calidad de la carne (P > 0,05). La suplementacién materna aumento la expresion
de MyHC 1y CPT2 (P < 0,05) y tendio a regular positivamente los genes FASN y ACACA (P
< 0,10) de la progenie. La alimentacion con RPF disminuyd el consumo de materia seca, peso
corporal final, promedio de ganancia de peso diario y peso de la canal (P < 0.05), sin efecto
sobre la eficiencia alimenticia (P = 0,60). Mientras tanto, la inclusion de RPF aumento la
expresion de MyHC I, MyHC IlIx, IGFR1, COL3A1, FN1, ACACA (P < 0,05) y tendi6 a
regular positivamente el gen SREBF1 (P = 0,07). En conclusién, la suplementacion materna y
el uso de RPF en la dieta de terminacion de la progenie afectaron la expresion de genes
lipogénicos en musculo, sin efectos fenotipicos sobre la carne. Adicionalmente, el manejo
nutricional materno no afectd el desempefio ni las caracteristicas de la canal de la progenie.
En contraste, la alimentacion de los novillos con RPF afectd la ganancia de peso en
confinamiento y peso de las canales, sin efecto sobre la eficiencia alimenticia.

Palabras clave: Eficiencia alimenticia. Expresién génica. Fibra muscular. Programacion
fetal. Terneza.



Efeito da gordura protegida no rimen sobre o desempenho, caracteristicas de carcaca e qualidade da carne da progénie de vacas Nelore

alimentadas com diferentes planos de nutricao durante a gestacédo

Elaborado por German Dario Ramirez Zamudio e orientado por Marcio Machado Ladeira
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O Brasil é um dos maiores produtores no mundo de carne bovina em sistemas extensivos. No entanto, a produtividade se
limita a oferta sazonal de forragem. Assim, para contornar esta situacdo, utilizam a estacdo de monta como estratégia para
melhorar os parametros reprodutivos e produtivos. Porém, a época de baixa oferta e qualidade de forragem coincide com o
terco medio e final de gestacdo da vaca. Durante esse estagio, o desenvolvimento dos tecidos muscular e adiposo do feto €
afetado pela restrigdo nutricional materna. Assim, a suplementagé@o com proteina pode ser uma ferramenta para melhorar a
digestdo das forrageiras de ma qualidade, aumentando o fluxo de nutrientes para a vaca e o feto. Neste caso, um bezerro
bem nutrido durante o estagio fetal pode-se desempenhar melhor e produzir carne de melhor qualidade.

Bezerros com maior desenvolvimento no estagio fetal precisam de bastante energia na terminacdo para expressar seu
potencial de crescimento. Assim, o fornecimento de dietas altas em concentrado durante o confinamento séo utilizadas para
aumentar o desempenho e melhorar as carcacas e a carne. Porém, essas dietas possuem bastantes carboidratos fermentaveis
que podem causar acidose ruminal e afetar o consumo de alimento e consequentemente o desempenho dos animais. Desta
forma, a adicdo de gordura protegida na dieta, pode ser uma estratégia para melhorar o desempenho e qualidade das carcacas,
com um menor impacto sobre a satde ruminal. Adicionalmente, as fontes de lipideos podem ser doadoras de acidos graxos
necessarios para a 0 marmoreio da carne.
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Effect of rumen-protected fat on performance, carcass characteristics and beef quality of the progeny from Nellore cows fed by different planes

of nutrition during gestation

Prepared by Germéan Dario Ramirez Zamudio and guided by Marcio Machado Ladeira
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Brazil is one of the largest producers of beef in the world in extensive systems. However, productivity is limited to the
seasonal supply of forage. Thus, to get around this situation, they use the breeding season as a strategy to improve
reproductive and productive parameters. However, the season of low supply and quality of forage coincides with the mid
and final third of the cow's gestation. During this stage, the development of the fetal muscle and fat tissues is affected by
the maternal nutritional restriction. Thus, protein supplementation can be a tool to improve the digestion of poor quality
forages, increasing the flow of nutrients to the cow and the fetus. In this case, a well-nourished calf during the fetal stage can
perform better and produce better quality meat.

Calves with greater development in the fetal stage need a lot of energy at finishing to manifest their growth potential. Thus,
the supply of high concentrate diets during feedlot is used to increase performance and improve carcasses and meat.
However, these diets have enough fermentable carbohydrates that can cause ruminal acidosis and affect feed intake and
consequently animal performance. In this way, the addition of protected fat in the diet can be a strategy to improve the
performance and quality of carcasses, with less impact on ruminal health. Additionally, the sources of lipids can be donors of
fatty acids necessary for the marbling of meat.
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PRIMEIRO CAPITULO

1. INTRODUCAO GERAL

As gramineas forrageiras constituem a base nutricional para a producdo de carne
bovina no Brasil (CANESIN et al., 2009), principalmente para o rebanho de cria que é
mantido em sistemas totalmente a pasto (FERRAZ; DE FELICIO, 2010). No entanto,
considerando a sazonalidade na producéo de forragem que ocorre no Brasil Central, alinhada
com o sistema de produgdo de bovinos de corte, que concentra os partos das vacas na
transicdo da estacdo seca para a chuvosa (LEMOS et al., 2012), os dois ultimos tercos da
gestacdo coincidem com a menor disponibilidade e qualidade nutricional das forrageiras (DA
SILVA et al., 2017). Ou seja, caso as matrizes ndo recebam suplementacdo durante esse
periodo, ficariam sujeitas a uma restricdo nutricional.

Dependendo do periodo de gestacdo em que ocorre a restricdo nutricional das
matrizes, compromete o desenvolvimento de 6rgdos como as visceras (DA CRUZ et al.,
2019), masculo esquelético (ZHU et al., 2004), tecido adiposo (BISPHAM et al., 2003;
SYMONDS et al., 2003) e caracteristicas de crescimento (MARTIN et al., 2007) que afetam o
desempenho e qualidade da carne dos animais durante a vida p6s-natal (WU et al., 2006; DU
et al., 2010). Em vista disso, uma maneira de contornar essa situacdo é através da
suplementacdo proteica, que tem potencial para melhorar o consumo e digestibilidade das
forragens de baixa qualidade, levando ao aumento no fluxo de nutrientes para a vaca em
gestacédo e o feto (MARQUEZ et al., 2017).

A nutricdo materna adequada durante a gestacdo pode melhorar o desenvolvimento
dos tecidos fetais por meio da regulacdo de genes miogénicos e adipogénicos (DU et al.,
2015), e alterar o metabolismo energético do musculo esquelético da progénie (ARAGAO et
al., 2014). Portanto, o fornecimento de dietas com maior densidade energética durante a fase
de terminacdo em confinamento pode ser uma estratégia para explorar o potencial do animal
programado durante a fase fetal. Além disso, o fornecimento de dietas com alta proporcao de
acidos graxos, principalmente AGPIs, pode afetar a regulacdo de genes miogénicos
(WATERS et al., 2009) e adipogénicos (BIONAZ; THERING; LOOR, 2012), que podem ser
benéficos para a qualidade da carne.

Em confinamentos brasileiros tornou-se popular o uso de dietas de termina¢do com
alta proporgéo de amido oriundo do milho com o intuito de aumentar a densidade energeética

(PINTO; MILLEN, 2018). Porém, elevados teores de carboidratos de rapida fermentagéo
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presentes nos concentrados tornam os animais mais susceptiveis a distarbios digestivos,
principalmente acidose ruminal (OWENS et al., 1998; LADEIRA et al., 2014). Assim, a
queda de pH ruminal impacta negativamente sobre a sintese de gordura no musculo, devido a
mudancas na rota da biohidrogenacdo que interfere na expressdo de genes lipogénicos no
musculo esquelético (TEIXEIRA et al., 2017). Por outro lado, o fornecimento de elevadas
quantidades de lipidios insaturados proprios de fontes de Oleos vegetais ou grdos de
oleaginosas na dieta como alternativa para substituir uma parte dos carboidratos nédo
estruturais, pode alterar a fermentagdo ruminal e degradabilidade da fibra dietética pela
supressao da atividade dos microrganismos celuloliticos (JENKINS et al., 2008). Neste
sentido, uma forma de fornecer fontes lipidicas sem prejudicar o ambiente ruminal é através
da utilizacdo de sabdes de calcio ou gorduras inertes, ja que, estas moléculas ao ser pouco
hidrossolUveis passam intatas ao abomaso e duodeno aonde sdo dissociados e posteriormente
digeridos (WARNER et al., 2015). A incluséo de gordura protegida na dieta pode apresentar
efeitos positivos sobre a sintese microbiana (WADHWA et al., 2012), reducdo na producdo de
metano entérico (FIORENTINI et al., 2014), o que pode levar a um melhor desempenho em
confinamento, caracteristicas de carcaca e qualidade da carne (FIORENTINI et al., 2012;
ROSA et al., 2013; BARDUCCI et al., 2015).

Diante disso, torna-se relevante compreender como a suplementagdo proteica durante
o terco médio e final de gestacdo aliado a alimentacdo da progénie durante a fase de
terminacdo com fontes de lipidios protegidos, pode influenciar o desenvolvimento dos tecidos
muscular e adiposo, visando melhorar o desempenho e qualidade das carcacgas e da carne.
Assim, objetivou-se avaliar os efeitos sobre o desempenho, caracteristicas de carcaca,
qualidade da carne e a expressao de genes miogénicos e lipogénicos no musculo da progénie
macho produzida por vacas da raca Nelore que receberam suplementacdo proteica ou nao
durante o terco meio e final de gestacdo e terminados em confinamento com dietas contendo

ou nao gordura protegida no ramen.

2. REFERENCIAL TEORICO
2.1. Desenvolvimento do tecido muscular esquelético

Em mamiferos, aproximadamente 55% do corpo constitui o musculo esquelético, e 75-
90% do volume muscular é composto por fibras musculares (BONNET et al., 2010; PICARD;
GAGAOUA, 2020). O desenvolvimento do musculo, assim como, dos tecidos adiposo e

conjuntivo inicia sua formagdo com um nudmero relativamente pequeno de células
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morfologicamente semelhantes, que derivam do mesoderma; uma das trés camadas de células
germinativas do embrido (SOLNICA-KREZEL; SEPICH, 2012).

As fibras musculares sdo um grupo celular heterogéneo influenciado pelas diferencas
morfologicas e fisioldgicas que se originam durante a vida fetal em espécies relativamente
maduras ao nascimento como 0s bovinos, e que progride durante a vida pds-natal (PICARD et
al., 2002). De forma geral, durante o estagio fetal o crescimento do tecido muscular ocorre
principalmente por meio de hiperplasia até aproximadamente 180 dias pos-concep¢do na
especie bovina (PICARD et al., 2002). Posterior a esta data e durante a vida pds-natal, o
crescimento das miofibras ocorre por hipertrofia a traves da fundi¢do de células satélites as
miofibras existentes (BRANDSTETTER; PICARD; GEAY, 1998, GREENWOOD et al.,
1999; BIRESSI; MOLINARO; COSSU, 2007). No inicio do desenvolvimento embrionario
em qualquer espécie de vertebrados, as células mesodérmicas paraxiais sdo diferenciadas em
células progenitoras do musculo esquelético. Posteriormente, algumas células progenitoras
miogénicas derivadas do dermomidtomo dardo origem a mioblastos mononucleares, os quais
formaram o musculo inicial chamado midtomo primario (Figura 1; BONNET et al., 2010). A
partir desse tecido rudimentar, outros tipos celulares incluindo os mioblastos embrionarios e
fetais, e células satélites, se desenvolvem em ondas sucessivas distintas e sobrepostas em
estagios subsequentes da génese muscular (BONNET et al., 2010).

Durante a miogénese primaria, os mioblastos embrionarios se fundem para formar as
miofibras primarias, enquanto, a diferenciacdo de células fetais e satélites permanecerdo
inibidas pela acéo de fatores de crescimento (TGF-4, fator de crescimento transformador f e,
BMP, proteina morfogenética 6ssea) (CUSELLA-DE ANGELIS et al., 1994). Uma vez
formadas as miofibras primarias, uma onda de proliferacdo de mioblastos fetais é controlada
por meio da secrecdo de fatores mitdgenos (FGF, fator de crescimento de fibroblastos) que
dardo origem as miofibras secundarias. Na fase fetal, a diferenciacdo dos mioblastos fetais em
miofibras secundéarias pode ser devido a uma reducdo dos niveis de TGF-5 e BMP (BIRESSI;
MOLINARO; COSSU, 2007).

Enquanto as células satélites que estdo adjacentes as miofibras, sdo detectadas a partir
do segundo més pos-concepcdo em fetos bovinos, e permanecem indiferenciadas pela
atividade do fator de crescimento derivado de plaquetas (PDGF) (RUSSELL; OTERUELO,
1981; BIRESSI; MOLINARO; COSSU, 2007). Todos os eventos desde o comprometimento
até a diferenciacdo das fibras musculares sdo controlados e coordenados por um conjunto de
fatores de transcricdo, incluindo Wnt, Pax3, Pax7 e fatores reguladores miogénicos (MRFs)

(DU; ZHU, 2009). Inicialmente, a formagéo do mesoderma e diferenciagdo das células-tronco
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mesenquimais é controlada pela sinalizacdo de Wnt, que age ligando-se aos receptores
Frizzled (Fzd) nas células alvo (POLESSKAYA; SEALE; RUDNICKI, 2003). Essa
sinalizacdo de Wnt fosforila e inativa a enzima glicogénio sintase quinase-3p (GSK-3p), que
resulta na estabilizacdo e entrada de f-catenina no nucleo, aonde atua em um complexo com
membros da familia do fator de célula T/fator intensificador linfoide (TCF/LEF) para ativar
genes alvo como Myf5 e MyoD através da via Pax3 e Pax7 (KASSAR-DUCHOSSOY et al.,
2005).
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Figura 1. Principais etapas da miogénese e adipogénese bovina. Adaptado de Russell e
Oteruelo (1981); Picard et al., (2002); Bonnet et al., (2010); Du et al., (2015); Wang et al.,
(2016).

Ap0s a especificacdo, as células progenitoras miogénicas que ainda nao sdo células
musculares, mas, ja estdo comprometidas para essa linhagem, sdo reguladas pelos fatores de
transcricdo miogénicos, incluindo MyoD, Myf5, Miogenina e MRF4 (Figura 2; DU; ZHU,
2009; BONNET et al., 2010). Inicialmente, as expressdes de Myf5 e MyoD que estdo sob
controle de Wnt (BRYSON-RICHARDSON; CURRIE, 2008), e junto com a expressdo de
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MRF4, atuam como reguladores da determinacdo miogénica (KASSAR-DUCHOSSOY et al.,
2004). Adicionalmente, Myf5 ou MyoD sdo responsaveis da ativacdo subsequente de
Miogenina e MRF4 (BONNET et al., 2010), sendo estes dois ultimos fatores de transcricéo,
cruciais para a diferenciacdo, e a manutencdo do estado de diferenciacdo terminal e
maturacao, respectivamente (KASSAR-DUCHOSSOY et al., 2004).

) @ e | o | e
War, f-catening, || Myf5, MyoD, Miogenina, MRF4,
Pax3, Pax7? MRF4 Miostatina Miostating
satélites ® p— —
Pax3, Pax7, Pax3, Pax7, Myf5, Myol, Myal, Miogenina
Myfs Myfs, Myol» Miogening Miogenina
Células tronco - - -
Pax3 /7 Pax7
: - = -
s s L Vi et -
Adipicitos oig® m o
W, Zfp423 CERP, CERPS | PPARy, CERPa || PPARy, SREBFI,
f-catening FABP, LPL,
ACKLE, ACACA,
FASN, O,
CPrI, CPT2,
CRAT
Fibroblastos _ T ;‘ -
— y ! - T
L . B Regulagio positiva
Wat, TGF-pI, TERE « I || COLIAL COLIA, B Regulagio negativa
ﬂ-&'ﬂl’-l’:’"l"ﬂ SMAD2 3ed FNI, W2, LOX

Figura 2. Fatores de transcricdo que regulam a miogénese e a fibro-adipogénese.
Adaptado de Du et al., (2009); Rhoads et al., (2009) ;Bonnet et al., (2010); Ladeira et al.,
(2016).

A Miostatina é um membro da superfamilia do TGF-, que regula negativamente o
numero de fibras musculares através do controle da proliferacao e diferenciacdo de mioblastos
durante a fase inicial da miogénese, e também, atua na regulacdo da ativacdo de células
satélites durante a vida pés-natal (KAMBADUR et al., 2004). Este fator de regulacdo em
musculo esquelético de bovinos é detectado em niveis muito baixos em embrides do dia 15
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até o dia 29 pds-concepcdo, e sua expressdo aumenta a partir do dia 31 pds-concepgdo. O
aumento na expressdo de Miostatina estd diretamente relacionado ao estagio gestacional em
que os mioblastos primarios comecam a fundir-se e diferenciar-se em miofibras, e os
mioblastos secundarios comecam a proliferacdo e a fundicdo (OLDHAM et al., 2001).
Adicionalmente, o tipo de fibra muscular influencia a expressao de Miostatina, por exemplo,
em camundongos adultos foi observada uma maior expressdo desse gene em fibras de
contracdo rapida (CARLSON; BOOTH; GORDON, 1999).

Apos a formacao das fibras musculares, estas sdo especializadas de acordo com as
propriedades contrateis e metabolicas que dependem da proporcdo das isoformas de miosina
de cadeia pesada (MyHC) e ao desenvolvimento das vias enzimaticas do metabolismo
energético, respectivamente (BONNET et al., 2010; PICARD; GAGAOUA, 2020). Assim,
sdo classificadas como fibras oxidativas de contracdo lenta (tipo I), fibras glicoliticas de
contracdo rapida (tipo lIx e Ilb) e fibras lla que exibem caracteristicas mistas, ou seja,
contragdo rapida e metabolismo oxidativo (PICARD; GAGAOUA, 2020). Estas
caracteristicas sobre as fibras sdo adquiridas em um processo de trés estagios: embrionario,
fetal e pos-natal (PICARD et al., 2002). Durante o estagio embrionario, a partir dos 30 dias
pos-concepgdo as miofibras primarias se especializam em tipo de contracdo lenta na maioria
dos musculos, exceto em musculos que sdo exclusivamente de contracdo rapida, os quais sdo
especializados diretamente em fibras de contragdo rapida (PICARD et al., 1994).
Posteriormente, durante o estagio fetal até aproximadamente 180 dias pds-concepcdo, uma
segunda onda de miofibras amadurecem em fibras de contracdo rapida tipo lIx (Figura 1;
BONNET et al., 2010). Porém, a maturacéo contrétil total das fibras secundarias em bovinos
se intensifica ao nascimento, e estas sdo convertidas em fibras de contracdo lenta ou rapida
dependendo do ponto anatémico do musculo (PICARD et al., 2002; PICARD; CASSAR-
MALEK, 2009). Enquanto ao metabolismo das fibras musculares, em bovinos a partir dos
210 dias p6s-concepcdo se intensifica a producdo das enzimas succinato desidrogenase (SDH)
e lactato desidrogenase (LDH) em fibras oxidativas e glicoliticas, respectivamente (Figura 1;
GAGNIERE et al., 1999; PICARD et al., 2006).

Apbs finalizar o crescimento muscular por hiperplasia, a hipertrofia € o processo
predominante no crescimento das fibras musculares a partir do Gltimo trimestre da vida fetal e
durante a vida pos-natal em bovinos (PICARD et al., 2002; BONNET et al., 2010). Nesse
processo, as células satélites através da fundigdo com as fibras musculares existentes,
contribuem com nucleos para aumento da sintese proteica (BIRESSI; MOLINARO; COSSU,
2007; RHOADS; RATHBONE; FLANN, 2009). Durante a vida adulta, estas células se
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encontram na maior parte do tempo inativas, ou seja, em estado de “quiescéncia”, que
consiste em um estado da célula em fase GO do ciclo celular. Nessa fase, as células satélites
permanecem indiferenciadas, com a expressdo dos genes e sintese proteica limitada. Eventos
como lesdes, estresse mecanico (ALLEN; MERKEL; YOUNG, 1979; DARR; SCHULTZ,
1989) ou deposicdo de massa muscular (RHOADS; RATHBONE; FLANN, 2009), as células
satelites tornam-se ativas e migram da lamina basal da fibra muscular para o exterior, aonde
entram na fase G1 e progridem com a proliferacédo, diferenciacdo e comprometimento de uma
parte dessa populacdo celular em linhagem miogénica (RHOADS; RATHBONE; FLANN,
2009).

Posterior a diferenciacdo, estas células contribuem para a manutencdo da massa
muscular através da fundicdo com fibras musculares preexistentes que resulta com a doacéo
de nucleos para o crescimento ou substituicdo de nlcleos danificados em processos de
reparacdo, ou através da fundigdo entre células satélites formando novas fibras multinucleadas
que véo substituir fibras lesionadas. Porém, é importante mencionar que a formagdo de novas
fibras durante a vida adulta € um mecanismo para manter o nimero de miofibras do madsculo
que foi estabelecido durante a vida fetal (RHOADS; RATHBONE; FLANN, 2009). Da
mesma forma que na miogénese embrionéria e fetal, a regulacdo das células satéelites em
musculo esquelético adulto é controlada por fatores de transcri¢do incluindo Pax3, Pax7 e
MRFs (KASSAR-DUCHOSSOY et al., 2004; RELAIX et al.,, 2005). Durante a fase
quiescente, as ceélulas satélites expressam os fatores de transcricdo Pax3, Pax7 e
provavelmente Myf5, tornando-se importante a regulacdo positiva de Pax7 que estéd envolvida
na regulacdo de fatores anti-apoptéticos e de sobrevivéncia celular (RHOADS; RATHBONE;
FLANN, 2009). Portanto, a expressdo de Pax7 sugere um papel importante na inducdo da
proliferacdo e retardo na diferenciacdo de mioblastos (RELAIX et al., 2006).

Além de Pax7, o Pax3 é um fator de transcricdo pardlogo essencial para o
desenvolvimento do tecido muscular embrionario, porém, com fungdo pouco conhecida em
musculo adulto. Finalmente, o papel do Myf5 na regulacdo das células satélites ainda é pouco
conhecido, mas, alguns trabalhos indicam que a expressdo desse gene esta envolvido na taxa
de proliferacdo e homeostase, e em alguns casos de células satélites que expressam Myf5
permanecem inativas (DAY et al., 2007; KUANG et al., 2007).

Ap0s a ativacao das células satélites pela expressdo de Pax3, Pax7 e Myf5, o fator de
transcricdo MyoD comecga a ser expresso, e este &€ necessario para a diferenciacdo destas
células (Figura 2; TAPSCOTT, 2005). No entanto, antes da diferenciacdo, as células satélites

estdo em estado de proliferacdo, a qual parece estar controlada pelos mesmos fatores de



24

transcricdo que regulam a ativacdo destas mesmas. Nesse estdgio, a maioria das células
satelites em proliferacdo inicia o comprometimento com a diferenciacdo regulada pela
expressao da Miogenina (RHOADS; RATHBONE; FLANN, 2009). Além disso, em fase de
diferenciacéo, cessa a expressdo de Pax3 e Pax7, e este ultimo € regulado negativamente pela
acdo da Miogenina (OLGUIN et al., 2007). Embora, a maioria das células satélites que estdo
em fase de proliferacdo suprimam a expressdo de Pax7 e em contrapartida regulem
positivamente a expressdo de MyoD antes de diferenciar-se, uma pequena populacdo destas
células ainda mantem uma regulacéo positiva de Pax7 e a supressdo de MyoD para retornar
em estado de quiescéncia (ZAMMIT et al., 2006). Este mecanismo é importante, ja que
permite que uma populacdo de células satélites permaneca em estoque para posteriores
processos de regeneracdo ou de hipertrofia do musculo esquelético (MOSS; LEBLOND,
1971; RHOADS; RATHBONE; FLANN, 2009). Para finalizar, a fundicdo de células satélites
com fibras preexistentes ou entre células satélites para formacdo de novos miotubos em caso
de lesdes musculares, leva a inibicdo da expressdo de todo o maquinario miogénico com
excecdo da Miogenina. Nesta fase, as células satélites ndo podem retornar ao ciclo celular,
conferindo uma total diferenciacdo (RHOADS; RATHBONE; FLANN, 2009).

2.2. Desenvolvimento do tecido fibro-adipogénico e metabolismo lipidico

O tecido adiposo constitui 5 a 35% da massa corporal em bovinos e é encontrado de
forma difusa no corpo todo (BONNET et al., 2010). Os adip6citos da mesma forma que as
células do musculo esquelético, sdo derivadas das células tronco pluripotentes, porém,
localizadas no mesoderma lateral (DU et al., 2015). Adicionalmente, os adipécitos e 0s
fibroblastos compartilham um mesmo pool de células tronco chamadas fibro-adipogénicas
(FAPs), que por processos competitivos controlados geneticamente dardo origem as duas
linhagens celulares (DU et al., 2015). Em termos gerais, a formacédo de fibroblastos durante a
fase fetal é muito ativa ao final da gestagdo, formando o perimisio e epimisio primordial do
musculo esquelético (Figura 1; DU et al., 2010). Estas células sdo recrutadas do pool de
células FAPs pela regulacdo positiva de citocinas e fatores de crescimento, principalmente
TGF-p1 (Figura 2; LIU; PRAVIA, 2010). Adicionalmente, todas as isoformas de TGF-f
atuam sobre a sinalizacdo dos fatores citoplasmicos SMAD que desencadeiam a expressao de
outros genes fibrogénicos como, o procolageno e lisil oxidases que sdo enzimas catalizadoras
da reticulagdo do colageno (Figura 2; HUANG et al., 2012). Em mdsculo, o colageno é a

principal proteina da matriz extracelular que esta constituida em maior abundancia pelos tipos
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I e Il (LIGHT et al., 1985), e em conjunto com a lisil oxidase e metaloroteinases da matriz
(MMP), regulam a taxa de renovacgéo deste tecido (HUANG et al., 2012).

Em relacdo a génese do tecido adiposo, este se divide em dois estagios claramente
separados que sdo: a determinacdo e a diferenciacdo (DU et al., 2013). Na primeira fase, uma
porcdo de células FAPs sdo determinadas a formar pré-adipdcitos com alta capacidade
proliferativa, a qual é controlada pela expressdo da proteina dedo de zinco 423 (Zfp423). Este
fator de transcricdo atua na inducdo da expressdo de PPARG, que compromete as células
FAPs para pré-adipocitos, e também, converte os pré-adipocitos em adipdcitos maduros
(GUPTA et al., 2012). Adicionalmente, foi demostrado que células progenitoras com alto
potencial adipogénico apresentam expressao reduzida de TGF-g, devido que, este fator de
transcricdo se expressa mais tardiamente em comparagdo a Zfp423 (HUANG et al., 2012).
Portanto, isso permite manipular o desenvolvimento a favor do tecido adiposo intramuscular e
reduzir a formacdo do tecido conectivo, visando melhorar aspectos qualitativos da carne como
0 marmoreio e a maciez (DU et al., 2013).

Uma vez formados os pré-adipcitos, o amadurecimento dos adipdcitos que
compreende a diferenciacdo, se caracteriza pela detencdo permanente do ciclo celular, inicio
do enchimento lipidico e mudancas morfoldgicas para uma forma esférica das células
(BOONE et al., 2000; LEFTEROVA; LAZAR, 2009). Essa fase do adipécito é controlada
pela expressdo dos fatores de transcricio PPARG e a familia de proteinas de ligacdo de
CCAAT/potenciador (C/EBPs) (AVRAM; AVRAM; JAMES, 2007). Nesse estagio, uma
expressdo transitdria de C/EBPS e C/EBPo induz a expressdo de PPARG e C/EBPa, que de
maneira sinérgica vao a ativar genes especificos para a interrupcao do ciclo celular e induzir a
maduracdo dos adipécitos (FAJAS; DEBRIL; AUWERX, 2001; ROSEN; MACDOUGALD,
2006). Por outro lado, a expressdo da proteina-1c de ligacdo do elemento regulador de esterol
| fator de determinacdo e diferenciacdo de adipdcitos-1 (SREBP-1c / ADD1) que esta
envolvida no metabolismo do colesterol e em expressdo génica especifica dos adipécitos, é
induzida precocemente durante a diferenciacdo (KIM; SPIEGELMAN, 1996; SEO et al.,
2004). Conforme os pré-adipdcitos se diferenciam em adip6citos maduros, a expressdao do
fator 1 de pré-adipécitos (prefl) é reduzida drasticamente (WANG; et al., 2006), e
posteriormente, algumas proteinas que controlam a lipogénese, incluindo FABP4,
adiponectina, leptina, entre outras, também sdo expressas de forma aumentada na
diferenciacdo tardia da adipogénese (GREGOIRE; SMAS; SUL, 1998).

ApoOs a maturacdo do adipdcito, o enchimento da gota lipidica com triglicerideos é

conhecido como lipogénese. Esse processo fisiologico se intensifica apos a puberdade e
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maturidade do animal conforme diminui o crescimento muscular (OWENS et al., 1995). A
taxa de deposicdo de triglicerideos e consequente hipertrofia da célula depende das taxas
relativas de sintese, degradacdo e oxidacdo de &cidos graxos (BONNET et al., 2010). A
sintese de novo de acidos graxos inicia-se com a presenca de acetil-coA no citosol (oriundo do
acetato e/ou glicose). A enzima acetil-CoA carboxilase que é codificada pelo gene ACACA,
carboxila o acetil-coA formando malonil-CoA. Imediatamente, o complexo multienziméatico
acido graxo sintase que é codificado pelo gene FASN, adiciona moléculas de acetil-CoA a
molécula de malonil-CoA em uma série de multiplas reac6es, resultando na formacéo de uma
cadeia longa de &cidos graxos como, por exemplo, o &cido palmitico (C16:0) (LADEIRA et
al., 2016). De acordo com Ward et al. (2010), carne com alto teor de marmoreio possui maior
ativacdo da acetil-CoA carboxilase e do complexo multienzimatico acido graxo sintase. Apds
a formacdo do acido palmitico, sua estrutura molecular pode sofrer um processo de
alongamento ou insaturacdo pela acdo da enzima estearoil-CoA dessaturase que é codificada
pelo gene SCD1 (DUCKETT; PRATT; PAVAN, 2009; LADEIRA et al., 2014).

Adicionalmente, as PPARs e SREBPs sdo marcadores moleculares amplamente
envolvidos no metabolismo lipidico (LADEIRA et al., 2016). Assim, no grupo das PPARs,
existem trés isoformas (alfa, beta e gamma) que diferem por sua acéo fisioldgica e tecido alvo
para expressdao (DESVERGNE; WAHLI, 1999). Por exemplo, PPARA é altamente expresso
em coracdo, figado, intestino delgado e tecido adiposo (BUNGER et al., 2007), e desempenha
papel na inducdo da expressdo de proteinas transportadoras de acidos graxos de cadeia longa e
enzimas envolvidas na p-oxidacdo (LADEIRA et al., 2016). Por outro lado, PPARG é
altamente expresso em adipocitos comparado com musculo (KERSTEN, 2014), e sua
principal funcdo no metabolismo lipidico € a regulacdo de genes associados com o0
armazenamento de acidos graxos, como por exemplo, FABP, ACSL1 e LPL (BIONAZ;
THERING; LOOR, 2012). Enguanto aos SREBPs, sdo um grupo conformado por trés
membros (1a, 1c e 2), dos quais, se destaca SREBP1c que é codificado pelo gene SREBF1.
Este gene é considerado um fator chave na sintese de novo de &cidos graxos, j& que, regula
positivamente a expressao dos genes ACACA, FASN e SCD1 (Figura 2; SHIMANO, 2001).

A captacédo de acidos graxos que também é uma forma de depositar gordura no tecido
adiposo. Até entdo, se acreditava que ocorria por um mecanismo de difuséo simples, porém,
foi demonstrado que proteinas de membrana e transportadores intracelulares participam da
translocacdo de acidos graxos para o interior do adipocito (GERBENS et al., 2004; GLATZ;
LUIKEN; BONEN, 2010). O primeiro passo da captacdo de &cidos graxos pelos adipdcitos

comega com a hidrolise dos triglicerideos da lipoproteina (ex. VLDL) pela acdo da enzima
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lipoproteina lipase que se localiza nas células endoteliais dos capilares (Figura 3; GERBENS
etal., 2004).

Posteriormente, os acidos graxos sao transcolados para o interior do adipdcito por um
grupo de trés transportadores, incluindo FATP, CD36 ou a associacdo FABP com acil CoA
sintase (LADEIRA et al., 2018). Outro grupo de receptores conhecido como receptores de
acidos graxos livres (FFARs) foram descobertos em membranas celulares de tecido adiposo
bovino (SMITH et al., 2012), e dependendo do tipo de acido graxo, existe uma afinidade por
um receptor diferente (MIYAMOTO et al., 2016). No interior do adipdcito, os acidos graxos
que estdo ligados a FABP sdo transportados desde a membrana para o sitio de esterificagéo ou
para B-oxidacdo (GERBENS et al., 2004). Para a lipolise, os grupos acil CoA sdo ligados a
uma molécula de carnitina pela acdo da enzima carnitina palmitoil transferase 1 (CPT1) para
ser transportados do citosol a matriz mitocondrial onde a enzima CPT2 dissocia o acil CoA da

carnitina para ser utilizado na (-oxidagdo (Figura 3; HOUTEN et al., 2016).

Acil.CoA |tOSOI
Mitdcondria
Glicerol-3-P

G3PDH
G6PDH
=== NADPH @=@= Glicose
_ A
Acetil CoA IDH
Glicerol
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AGNE ="
Capl Iar VLDL Acetato Glicose

Figura 3. Metabolismo do tecido adiposo. Captacéo (1), sintese de novo (2), lipdlise (3) e
oxidacéo de AG (4), reesterificacdo (5). VLDL = Lipoproteina de muito baixa densidade;
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AGNE = 4cidos graxos ndo esterificados; LPL = lipoproteina lipase; FFAR = receptores de
acidos graxos livres; CD36 = acido graxo translocase; FATP1 = proteina transportadora de
acidos graxos; FABP4 = proteina de ligacdo a acidos graxos; ACC = acetil CoA carboxilase;
FAS = 4cido graxo sintase; SCD1 = estearoil-CoA dessaturase; CPT1 e 2 = carnitina palmitoil
transferase 1 e 2; IDH = isocitrato desidrogenase; G6PDH = glicose-6-fosfato desidrogenase;
G3PDH = glicerol-3-fosfato desidrogenase; HSL = horménio sensitivo a lipase. Adaptado de
Chilliard (1993) e Ladeira et al., (2018).

2.3. Programacéo fetal

A programacéo fetal, conhecida também como programacéo do desenvolvimento ou
desenvolvimento fetal programado foi articulado como um conceito pela primeira vez pelo
Dr. David Barker e colaboradores (BARKER, 1990; BARKER, 2004). A partir de estudos
epidemioldgicos em humanos foi mostrado que, um baixo peso ao nascimento e outros
insultos no desenvolvimento do individuo se associavam fortemente com riscos de
desenvolver uma gama de condicBes patoldgicas durante a vida adulta (BARKER, 1990;
GODFREY; BARKER, 2001). Enquanto a animais de producdo, os primeiros estudos foram
realizados em ruminantes durante as décadas de 1950 e 1960 com o intuito de entender, como
o “efeito materno” como era chamada a programagdo fetal nessa época, poderia afetar o
crescimento e a produtividade dos rebanhos (SHORT, 1955; TAPLIN; EVERITT, 1964).

Atualmente, estd consolidado que a subnutricdo, bem como a sobrenutricdo materna
em diferentes estagios da gestacdo pode induzir modificacdes na conformacédo, metabolismo e
fisiologia dos diferentes tecidos nas progénies (GREENWOOD; CAFE, 2007; DUARTE et
al., 2013; DUARTE et al., 2014; GIONBELLI et al., 2018). Grande parte dessas modifica¢des
em tecidos e no metabolismo do individuo sdo controladas por alteracdes epigenéticas
causadas pela nutricdo pré e pos-natal (WU et al., 2006). A epigenética faz referéncia as
mudancas hereditarias na expressdo dos genes sem causar alteracbes no codigo genético. Em
caso das células somaéticas, essas alteracdes sdo herdadas através da mitose; e de forma
transgeracional para a linhagem germinativa durante a reproducédo (REYNOLDS et al., 2019).
Adicionalmente, as alteracGes na expressao génica como resultado das mudancas epigenéticas
respondem de maneira mais rapida com adaptacdes a uma pressdo de selecdo ambiental
comparado com a evolucao atraves da mutacdo genética; e essas alteragcdes podem persistir ao
longo de varias geragdes (RAVELLI et al., 1998; REYNOLDS et al., 2019). Em vista disso, 0
enfoque sobre 0 manejo das vacas e das progénies visa minimizar os efeitos adversos do
ambiente, a fim de melhorar a eficiéncia do animal ao final do ciclo produtivo (WU et al.,
2006; DU et al., 2015).
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2.3.1. Efeito da nutricdo materna sobre o desempenho na terminacéo e caracteristicas
de carcaca da progénie

Estratégias nutricionais para atendimento dos requerimentos de proteina em vacas a
partir do segundo trimestre da gestacdo, tem apresentado resultados variaveis no desempenho
da progénie durante a terminagdo, bem como, sobre as caracteristicas de carcaca. Um trabalho
classico realizado por Underwood et al. (2010) com uso de pastagens irrigadas de alta
qualidade (~11% PB) durante 30 dias a partir da segunda metade da gestacdo, evidenciou
melhoras sobre o desempenho na fase de terminacdo das progénies, assim como, carcacas
mais pesadas e com maior grau de acabamento comparado com a prole de vacas que
pastejaram em pastos nativos de baixa qualidade (~6% PB). Em contraste, Lansford (2018)
ndo observou diferencas em desempenho em confinamento, peso e grau de acabamento das
carcacas de progénies de mées que receberam suplementacao proteica em pastos melhorados
ou pastagens nativas no meio da gestacdo. No entanto, esses estudos acima mencionados nao
controlaram o consumo de matéria seca do pasto e consequentemente o consumo de
nutrientes.

Para controlar os fatores nutricionais e outros ambientais que possam confundir os
resultados da suplementacdo com proteina na gestacdo, Maresca et al., (2019) realizaram um
estudo com vacas Angus de 134 + 14 dias de gestacdo. O manejo das vacas foi realizado em
confinamento com fornecimento de duas dietas com teores de proteina de 6% e 12% e mesma
densidade energética, uma para cada grupo. Os resultados desse estudo ndo evidenciaram
diferencas no desempenho durante a terminacdo de ambas as progénies, enquanto as
caracteristicas de carcaca, apenas foram observadas aumentos na porcentagem de rendimento
e area de olho de lombo para a prole de vacas que receberam a dieta com 12% de proteina.

De forma geral, as progénies de vacas que atende os requerimentos de proteina durante
a gestacdo, apresentam melhor desempenho durante os estagios iniciais do ciclo produtivo
(STALKER et al., 2006; STALKER; CIMINSKI; CLARK, 2007; FUNSTON; LARSON;
VONNAHME, 2010). Por exemplo, dois estudos de Stalker et al., (2006; 2007) evidenciaram
melhores ganhos de peso dos bezerros a desmama, quando as maes receberam suplementacéao
com proteina (0,45 kg / dia; 42% PB) durante o Ultimo terco da gestacdo pastejando em
prados nativos. Porém, um dos estudos mostrou semelhancas em medidas de desempenho,
incluindo consumo de matéria seca, ganho médio diario e eficiéncia alimentar da prole
durante a terminagdo (STALKER et al., 2006). Enquanto ao segundo estudo, os novilhos,
filhos de vacas suplementadas apresentaram ganhos maiores nas fases pré e pos-desmame,

bem como, carcacas mais pesadas em comparacd0 com a progénie de vacas nao
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suplementadas (STALKER; CIMINSKI; CLARK, 2007). Este mesmo efeito sobre o
desempenho pré e pos-desmame também foi observado por Underwood et al. (2010) quando
as vacas foram manejadas em pastos de melhor qualidade por um curto periodo (30 dias)

durante a segunda metade da gestacao.

2.3.2. Efeito da nutricdo materna sobre as caracteristicas qualitativas da carne da
progénie

Poucos estudos tém avaliado os efeitos do manejo nutricional com proteina durante a
gestacdo sobre os parametros qualitativos da carne na progénie (SUMMERS; BLAIR;
FUNSTON, 2015; ALVARENGA et al., 2016; MARESCA et al., 2019; WEBB et al., 2019).
Parametros como, declinio de pH, cor, maciez, capacidade de retencdo de agua e marmoreio
na carne, podem estar associados com diferencas nas caracteristicas contrateis e metabolicas
das fibras musculares (PICARD; GAGAOUA, 2020), bem como, pela proporgéo dos tecidos
muscular, adiposo e conjuntivo, que séo afetados pela disponibilidade de nutrientes durante a
vida pré-natal (DU et al., 2015).

Segundo Fahey et al. (2005) uma restricdo nutricional de 50% durante os primeiros 30
dias de gestacdo em ovelhas, aumenta a propor¢édo de fibras lentas em musculo Longissimus
da prole. Uma maior proporcdo de fibras lentas ou de metabolismo oxidativo, possuem uma
baixa taxa de declinio de pH post-mortem, devido as menores reservas de glicogénio, o que
resulta em pH final da carne mais elevado (CHOI; RYU; KIM, 2006; KIM; YANG; JEONG,
2016). Portanto, condicGes de pH superiores a 5,6, alteram as cargas negativas e estrutura da
matriz muscular, resultando em maior retencdo de agua intracelular que afeta a coloracdo da
carne (RAMANATHAN et al., 2020). Adicionalmente, altera¢cdes no pH final interfere na
atividade de enzimas proteoliticas responsaveis do amaciamento da carne (MATARNEH et
al., 2017). Embora o estudo do Fahey et al., (2005) foi simulado para uma restricdo global de
nutrientes, estes resultados podem ser semelhantes aos que possam ser obtidos com restri¢do
de proteina durante a fase pré-natal em estudos realizados exclusivamente a pasto. Este fato se
deve a que, em animais ruminantes, a limitacdo de proteina na dieta reduz a degradacdo da
fibra no rimen e consequentemente a ingestdo de energia (SAMPAIO et al., 2010).

Uma pesquisa recente com suplementacdo proteica em uma dieta totalmente misturada
90 dias antes do parto para atender os requerimentos de proteina metabolizavel em
comparagdo as vacas ndo suplementadas que sofreram restricdo de 15%, ndo foram
observadas diferengas na maciez nem em outras caracteristicas qualitativas da carne da

progénie (LIU et al., 2020). Restricdes nutricionais moderadas podem ser compensadas com
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adaptacGes metabdlicas e fisioldgicas da matriz (ROTTA et al., 2015), que ndo chegam a
afetar o desenvolvimento do feto. Portanto, os efeitos sobre as caracteristicas qualitativas da

carne na progénie podem néo ser evidentes.

2.4. Consideragdes gerais dos lipideos e inclusdo em dietas para bovinos

Os lipideos sdo susbtancias geralmente hidrofébicas, porém sollveis em solventes
organicos, e se originam da condensacao de tioésteres ou de unidades de isopreno (DUARTE;
RAMIREZ; CASTANEDA, 2016). Estes compostos sdo essenciais na alimentacdo animal,
devido a capacidade de aumentar a absor¢do de vitaminas lipossoluveis, regular o
metabolismo, fornecer &cidos graxos esséncias para a estrutura das membranas celulares dos
tecidos (PALMQUIST; MATTQOS, 2006); e outras fungbes como, promover a reducdo da
emissdo de metano (FIORENTINI; CARVALHO et al., 2014) e melhorar a palatabilidade e
textura dos alimentos (ZINN; JORQUERA, 2007). Os lipideos sdo substancias com maior
concentracdo de energia, assim, uma grama fornece 9,4 kcal/g comparado com proteinas e
carboidratos que fornecem 5,7 e 4,2 kcal/g, ou seja, 2,25 vezes mais energia para a fonte
lipidica (ATWATER; BRYANT, 1900). Diante disso, os lipideos sdo utilizados para
aumentar a eficiéncia em animais que estdo em estagio de maior deposicdo de gordura em
seus produtos, como por exemplo, vacas em lactacdo e novilhos em fase de terminacgéo
(PALMQUIST; MATTOS, 2006).

Por outro lado, a inclusdo de lipideos em dietas com elevado teor de concentrados séo
uma estratégia para reduzir o risco de acidose ruminal causada pelos carboidratos de rapida
fermentacdo (LADEIRA et al., 2012). Porém, existe uma limitacdo com seu uso em dietas
para ruminantes, devido a condicdo evolutiva destes animais vinculada ao consumo de
forragens, em que a ingestdo de gordura ndo ultrapassava 3% da matéria seca (VAN SOEST,
1994). Desse modo, valores superiores a 6% da matéria seca ingerida, podem levar a
alteracbes na degradabilidade da fibra no ruamen, afetando o desempenho, a eficiéncia
alimentar e a satde ruminal (DE MEDEIROS; ALBERTIN; MARINO, 2015).

O impacto negativo da gordura sobre microbiota ruminal pode ocorrer devido ao efeito
qguimico ou fisico. O efeito quimico ocorre devido a toxicidade dos é&cidos graxos,
principalmente poli-insaturados sobre as bactérias celuloliticas gram positivos e protozoarios
(PALMQUIST; MATTOQOS, 2006); e o efeito fisico, é devido a reducdo na adesdo dos
microrganismos celuloliticos as particulas de fibra do alimento (DE MEDEIROS;
ALBERTIN; MARINO, 2015). Portanto, para ndo afetar o valor alimentar da gordura

suplementar sobre a digestibilidade da fibra e, consequentemente sobre o desempenho dos
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animais, é recomendado ndo exceder 0 7% na ingestdo total de lipideos dentro da matéria seca
da dieta (ZINN; JORQUERA, 2007). Entretanto, essas recomendacOes sdo excedidas pelos
confinamentos americanos que estdo em uma média de 7,6% (VASCONCELOS;
GALYEAN, 2007), comparado com os confinamentos brasileiros que ndo ultrapassam o 6,6%
de gordura na dieta (PINTO; MILLEN, 2018).

A variacdo dos efeitos dos lipidios sobre o consumo de matéria seca e desempenho dos
animais pode estar influenciado pelo tipo de ingrediente utilizado, bem como, pela relacdo de
volumoso: concentrado da dieta (DE MEDEIROS; ALBERTIN; MARINO, 2015). Por
exemplo, grdos de oleaginosas sd&o menos inibitérios comparados com os 6leos vegetais,
devido a barreira fisica das cascas em seus graos que evita em parte o contato com o conteido
ruminal (DE MEDEIROS; ALBERTIN; MARINO, 2015). Este fato foi observado em alguns
estudos em que mesmo fornecido doses de lipideos superiores a 7% da matéria seca da dieta,
ndo houve efeitos negativos sobre o consumo de matéria seca (ANDRAE et al., 2001; WADA
et al., 2008).

Enquanto a relacdo de volumoso:concentrado, dietas com maior percentual de
forragem ha uma tendéncia a reduzir os efeitos inibitdrios da gordura sobre a fermentacédo
ruminal, devido que os &cidos graxos por ser absorvidos pelas particulas de forragem,
diminuem o contato com os microrganismos. Adicionalmente, maior teor de fibra na dieta
favorece a manutengdo do pH ruminal que melhora a biohidrogenacéo e consequentemente
reduz a quantidade de acidos graxos insaturados. Por outro lado, dietas ricas em gordura com
uma fracdo alta de fibra podem apresentar uma diminui¢do na taxa de passagem devido a uma
reducdo lenta do tamanho de particulas. Porém, este efeito sobre a menor taxa de digestao
ruminal é compensado pela maior permanéncia do alimento no trato gastrintestinal,
aumentando a digestibilidade total da dieta e a eficiéncia alimentar (DE MEDEIROS;
ALBERTIN; MARINO, 2015). Em contraste, dietas com alto teor de concentrado como as
utilizadas em confinamentos comerciais, a ingestdo de matéria seca é reduzida como
consequéncia das elevadas concentracbes séricas de Aacidos graxos que exercem uma
regulacdo quimiostatica sobre os receptores que controlam o centro da saciedade do sistema
nervoso central (ALLEN, 2000).

Devido aos efeitos negativos dos lipideos sobre o consumo de matéria seca causada
pela reducdo na digestibilidade da fracdo fibrosa dos alimentos e que podem resultar em
variagoes sobre o desempenho dos animais (WANAPAT et al., 2011; FIORENTINI et al.,
2014); o uso de gorduras em forma de sais de calcio pode ser uma alternativa para contornar
0s problemas sobre a degradabilidade da fibra (HADDAD; YOUNIS, 2004), ja que, por
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serem menos solUveis em agua, passam intatas ao abomaso e duodeno aonde sdo dissociadas e
posteriormente digeridas, aumentando o desempenho e qualidade da carne dos animais
(FIORENTINI et al., 2012; FIORENTINI et al., 2014).

2.5. Efeito da gordura protegida em dietas de terminacdo em confinamento sobre o
desempenho e caracteristicas de carcaca

A produtividade da inddstria bovina brasileira tem evoluido bastante nestes ultimos
anos como consequéncia da reduzida rentabilidade do negdcio comparado com décadas atras
(LIMA et al., 2016), bem como, pelo aumento da demanda de carne dos mercados doméstico
e de exportacdo (VALE et al., 2019). Em vista disso, houve um aumento do ndmero de
confinamentos ligado com o uso de dietas altamente energéticas a base de fontes de amido
oriundos do milho (PINTO; MILLEN, 2018). Entretanto, os disturbios digestivos como a
acidose ruminal, que sdo causados pelas dietas altamente fermentaveis (OWENS et al., 1998),
pode afetar o desempenho dos animais. Adicionalmente, altos teores de lipideos na dieta,
também afetam a degradacdo da fibra e consequentemente o consumo de matéria seca e
desempenho em confinamento (JENKINS et al., 2008).

Em comparagdo com fontes de lipideos livres, as dietas com uso de gordura protegida
geralmente promovem resultados superiores sobre o desempenho dos animais e qualidade das
carcacas (FIORENTINI et al., 2014), porém, h&a muita divergéncia em resultados de literatura
(DA ROSA et al., 2020). As variacfes nos resultados de consumo de matéria seca que se
reportam em diferentes estudos com uso de gordura protegida podem estar associadas a
composicdo fisico-quimica da fonte de acidos graxos utilizados (ALLEN, 2000).

Embora alguns trabalhos com uso de gordura protegida relatem uma reducdo no
consumo de matéria seca, os resultados de ganho de peso, eficiéncia alimentar e
caracteristicas de carcaca nao sdo afetados e alguns apresentaram ganhos nestas medidas. Por
exemplo, tem sido reportados ganhos de peso nos animais entre 10,5 - 21,5% superiores
quando sé&o fornecidas fontes de gordura protegida durante a terminacéo (SILVA et al., 2007;
FIORENTINI et al., 2012; ROSA et al., 2013; BARDUCCI et al., 2015). Por outro lado,
Ladeira et al. (2014) ndo encontraram diferencas em consumo de matéria seca, mas, 0 ganho
de peso dos animais teve uma tendéncia a ser maior quando forneceram dietas com inclusao
de 4,2% de gordura protegida durante 84 dias de confinamento.

Adicionalmente, com o0 uso de gordura protegida foram reportados aumentos na
eficiéncia alimentar entre 8,2 — 27,2% (PUTRINO et al., 2006; ROSA et al.,, 2013;
BARDUCCI et al., 2015). Portanto, esse melhor desempenho dos animais alimentados com
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gordura protegida pode estar associado a um maior consumo de energia metabolizavel
oriunda dos lipideos comparado com os alimentos ricos em carboidratos e proteinas (ZINN;
SHEN, 1996).

2.6. Efeito do uso de gordura protegida sobre a qualidade da carne

A carne bovina é um produto considerado de alto valor bioldgico, porque fornece
aminoacidos, vitaminas e minerais essenciais para o desenvolvimento normal das funcdes
fisioldgicas do organismo (DA SILVA LIMA et al., 2017). No entanto, as preocupacdes por
consumir produtos de melhor qualidade desde o aspecto da satde humana surgiram a partir da
década de 1980 e foram mais exigentes no inicio do século XXI (VAN WEZEMAEL et al.,
2010). Tais preocupacdes sobre o consumo de carne bovina foram fundamentadas por estudos
epidemiolégicos que atribuiram o desenvolvimento de doencas metabodlicas e
cardiovasculares a uma maior quantidade de gorduras saturadas e colesterol presentes no
produto (DAS GRAGCAS PADRE et al., 2006; SIRI-TARINO et al., 2010; BARENDSE,
2014). Nesse sentido, pesquisas direcionadas a melhorar a composi¢do de acidos graxos na
carne de ruminantes que sejam benéficos para a salde humana tém sido focadas sobre o
manejo nutricional dos animais (BHATT et al., 2017). Assim, a suplementacgéo de dietas para
ruminantes com diferentes fontes lipidicas é a abordagem mais eficaz para diminuir os acidos
graxos saturados e promover um aumento dos acidos graxos poli-insaturados e acido linoleico
conjugado (OLIVEIRA et al., 2012; GARCIA; CASAL, 2013).

O aumento no teor de &cidos graxos insaturados na carne com o uso de lipideos na
dieta pode resultar em problemas potenciais sobre algumas caracteristicas qualitativas da
carne devido a maior predisposicdo destes acidos graxos a auto-oxidacdo (SCOLLAN et al.,
2006; DA SILVA LIMA et al., 2015; GUYON; MEYNIER; DE LAMBALLERIE, 2016). Por
exemplo, a descoloracdo da carne que resulta da conversdo da oxi-mioglobina em meta-
mioglobina é uma consequéncia de residuos instaveis que sdo produzidos durante a oxidacdo
dos lipideos da carne (FAUSTMAN et al., 2010). Por outro lado, um trabalho com novilhos
nelore alimentados com lipideos protegidos durante a terminacdo, apresentaram valores de
forca de cisalhamento mais altos (DA SILVA LIMA et al., 2015). Entretanto, em um
consenso geral de literatura, a alimentacdo com fontes de acidos graxos protegidos ndo tem
apresentado efeitos significativos sobre as caracteristicas qualitativas da carne (FIORENTINI
etal., 2012; COSTA et al., 2013; ANDRADE et al., 2014).
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Highlights

. Maternal supplementation affects the expression of genes related to lipid turnover.
. Meat brightness is affected by maternal supplementation.

. Rumen-protected fat does not affect feed efficiency in feedlots.

. Rumen-protected fat upregulate fibrogenic genes.

. Aging improves the brightness of the meat.

Abstract

The objective of this research was to evaluate the performance, carcass traits, meat
quality and the expression of myogenic and lipogenic genes in muscle of steers finished with
or without rumen-protected fat and born from dams that were supplemented with protein or
not during mid- to late gestation. Forty-eight Nellore steers with an initial body weight of 341
+ 7.54 kg at 21 + 0.7 months of age, were distributed in a completely randomized design
using a 2 x 2 factorial arrangement with the following treatments: two offspring feedlot diets
and two nutritional planes for pregnant dams. Steers born from dams of both maternal
nutritional planes and reared on pasture, were allocated to individual pens for 135 days, with
half of each group being fed a diet without (NFAT) or rumen-protected fat (RPF; 6% calcium
salts and 7.6% ether extract - EE). Regarding maternal nutritional planes, after 124 + 21 days
of gestation until calving, half of the grazed cows received 1 kg/cow/day protein supplement
(SUPP; ~369 g of crude protein - CP), and the other half received only mineral salt (CTL).
Steers were weighed at the beginning and at the end of the experimental period, and the
weight of the feed and orts was recorded daily for performance measures. After slaughter in a
commercial slaughterhouse, carcass evaluations were performed and collect longissimus
lumborum et thoracis muscle samples for meat quality and gene expression analyses using
RT-gPCR. There was no interaction between the finishing diets and the maternal nutritional
background for performance, carcass and meat quality traits, and gene expression of the
offspring. Feeding with RPF decreased the dry matter intake, final body weight, average daily
gain and carcass weight (P < 0.05). Diet with RPF upregulated the MyHC I, MyHC lIx,
IGFR1, COL3A1, FN1 and ACACA genes (P < 0.05) and tended to upregulate the SREBF1 (P
= 0.07). Maternal supplementation did not affect feedlot performance, carcass and meat
quality traits (P > 0.05). Maternal supplementation upregulated the MyHC | and CPT2 genes
(P < 0.05) and tended to upregulate the FASN and ACACA genes (P < 0.10) of the offspring.
In conclusion, the finishing with RPF in the offspring regardless of maternal nutritional

background affects the performance and weight of the carcasses, as well as the expression of
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myogenic and fibro/lipogenic genes, without affecting the deposition of intramuscular fat,
total collagen or meat tenderness.

Keywords: fetal programming, growth, lipogenesis, myogenesis, MRNA

Introduction

The productivity of the Brazilian beef industry has evolved considerably over the past
few years as a consequence of the reduced profitability of agribusiness (Lima et al., 2016), as
well as by the increase in demand for meat from domestic and export markets (Vale et al.,
2019). In view of this, the number of feedlots using high-energy starch-based diets from corn
is increasing (Pinto and Millen, 2018). However, these diets with fast fermenting
carbohydrates can cause digestive disorders such as ruminal acidosis (Owens et al., 1998),
and consequently affect the animal performance and carcass traits. Additionally, it has been
shown that a drop in ruminal pH negatively affects the deposition of intramuscular fat from
meat due to changes in the biohydrogenation pathway of conjugated linoleic acid that
downregulates the expression of lipogenic genes, such as SREBF1 (Teixeira et al., 2017).
Therefore, the inclusion of protected lipids or inert fats in the diet can partially reduce the risk
of metabolic disorders caused by the rapid fermentation of carbohydrates (Ladeira et al.,
2014); as well as, increasing microbial protein synthesis (Wadhwa et al., 2012), and reducing
the production of trans-10 isomers (Schmidely et al., 2017) and methane, which can lead to
better performance (Fiorentini et al., 2014) and meat quality (Fiorentini et al., 2012a).

The supply of fatty acids in the diet, mainly PUFAs, regulates the expression of genes
in muscle cells (Waters et al., 2009) and adipocytes (Bionaz et al., 2012) that can affect
performance, carcass characteristics and meat quality. However, these responses of the
animals to the feeding with fatty acids during the finishing phase can be variable due to the
maternal nutritional background. This is due to the fact that gestational nutrition can alter the
development of muscle, adipose and connective tissues through the regulation of myogenic
and fibro-adipogenic genes (Du et al., 2015), as well as changes in the energy metabolism of
the offspring skeletal muscle, where the muscle fibers can use as the main source of energy
more fatty acid than carbohydrates (Aragéo et al., 2014).

These changes in the composition and metabolism of fetal tissues caused by the
maternal nutritional environment may be more noticeable in tropical farming systems. Since
most breeding herds are managed in systems that depend on pasture as the main feed source

(Bell and Greenwood, 2012). Therefore, the supply and quality of forage are limited to
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environmental seasonality, and coincidentally happens when the dams are in mid- to late
gestation (Lemos et al., 2012), which is the critical point for the development of muscle and
adipose tissues in the fetus (Du et al., 2015). Research with protein restriction during mid- to
late gestation has shown effects on performance in the finishing phase, carcass characteristics,
marbling and tenderness of the meat of the offspring (Underwood et al., 2010; Maresca et al.,
2019; Webb et al., 2019). Thus, protein supplementation can be a strategy to increase the
intake and digestibility of low-quality forages, improving the flow of nutrients to the pregnant
cow and the fetus (Marquez et al., 2017).

We hypothesized that feeding with rumen-protected fat during feedlot may affect
differently the performance and meat quality of the offspring from dams fed with different
nutritional planes during gestation. Since, during mid- to late gestation, it is critical for the
development of muscle fibers and recruitment of adipocytes of the fetus. Accordingly, the
supply of fatty acids in the offspring’s finishing diet may upregulate the expression of
myogenic and lipogenic genes. Therefore, the objective was to evaluate the performance,
carcass traits, meat quality and the expression of myogenic and lipogenic genes in muscle of
steers finished with or without rumen-protected fat and born from dams that were

supplemented with protein or not during mid- to late gestation.

Materials and methods

This study was carried out at the Experimental Farm of Agéncia Paulista de
Tecnologia dos Agronegdécios, Regional Center of Colina (APTA-Colina) and at Federal
University of Lavras, Brazil. All procedures were approved by the Ethics Committee on
Animal Use of State University of Sdo Paulo, Jaboticabal Campus (protocol number
174337/2015).

Experimental design, animals and diets

After ~12 months in the rearing phase, all forty-eight steers were immunocastrated
with an initial BW of 341 + 7.54 kg at 21 + 0.7 months of age. Steers were housed in
individual pens equipped with individual feeders and automatic water drinkers. Steers were
allotted in a completely randomized design using a 2 x 2 factorial arrangement, with 12
replicates per treatment. The following treatments were assessed: finishing diets without
rumen-protected fat (NFAT) or rumen-protected fat (RPF; 6% calcium salts); and nutritional
management of dams during pregnancy, protein nonsupplemented (CTL) or protein
supplemented (SUPP). Half of the offspring from CTL and SUPP cows were fed the NFAT or
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RPF diet during the feedlot period. The finishing diets were formulated to meet the nutritional
requirements of animals according to NASEM (2016) (Table 1) and were provided ad libitum
in two equal meals at 07:00 and 14:00 hours, ensuring between 3 and 5% orts.

The steers came from forty-eight multiparous (4 + 3.6) Nellore cows inseminated from
the same sire, and were subsequently randomly allocated to two experimental groups (CTL or
SUPP). After 124 + 21 days of gestation until parturition, each dam in the SUPP group
received a protein supplement with ~396 g of CP per day (Table 1), while CTL cows received
only mineral salt ad libitum. Both the SUPP and CTL cow groups were kept in paddocks of
Brachiaria brizanta cv. Marandu, with a stocking rate of ~1.9 animal units/ha. At dry-season,
which was the months of June, July, and August, the forage supply was 4.3, 4.0, and 6.4 kg of
DM/100 kg BW and CP content of forage was 7.5, 5.9 and 7.4%, respectively. Dry matter
intake from grazing cows during the gestation period evaluated was estimated according to
the equations proposed by Gionbelli et al. (2016). Since measurements using markers were
not possible, due to the indocility of Nellore dams compared to taurine breeds, which could
cause abortions (Rodrigues et al., 2020). Supplementation during the mid- and late gestation
phases met 100% of the protein requirements, and cows without supplementation only met
75% of their CP needs, which was considered a moderate restriction (Rodrigues et al., 2020).
The body weights of dams in the insemination period (day 0), precalving (270 days after
FTAI), and postcalving (45 days postpartum) was not affected by the maternal nutrition
program. However, weight gain during pregnancy and reproductive performance in the next
breeding season was improved in SUPP cows, which demonstrated the positive effect of CP
supplementation on those animals (Rodrigues et al., 2020).

At the cow-calf, the SUPP and CTL groups were kept in the same pasture used during
pregnancy; however, they only received mineral salt until weaning. Calves from CTL dams
had a lower BW at birth (33.7 vs. 35.8 kg; P < 0.05); however, there was no difference in BW
at weaning (205.5 vs. 207.3 kg; P = 0.77). The calves weaned from both groups were kept in
the same pasture area with Panicum maximum cv. Tanzania during the rearing phase, and
supplemented with a protein-energetic mineral mixture (0.3% body weight) until the

beginning of the feedlot.

Performance measures
The feedlot lasted 175 days, with 40 days for diet and pen adaptation and 135 days for
the experimental period. At the beginning of adaptation, steers were dewormed with

Dectomax® (Doramectin 1%, Zoetis, Morumbi, SP, Brazil) and injected with two doses of the
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Bopriva® vaccine (GnRF analog, Zoetis, Sd0 Paulo, SP, Brazil) with an interval of 30 days
between the two doses. The body weight (BW) of the steers was recorded at the beginning
and end of the experimental period using a digital scale (model RUDD 300, Coimma LTDA,
Dracena, SP, Brazil). Weighing was performed 16 h after water and feed restrictions. The
average daily gain (ADG) of the animals was calculated as ADG, kg/day = final BW - initial
BW/days in the experimental period.

Feedstuffs and orts were weighed daily and collected twice a week for analysis of dry
matter and adjustment of intake of each animal. Dry matter intake (DMI) was calculated from
the records of the feed offered daily and the weight of the feed remaining the next day. Dry
matter intake relative to body weight (DMIbw) was calculated as DMIbw, % = DMI, kg/BW,
kg x 100. Dry matter intake variation (DMIvar) was calculated as the difference in the DMI
on two consecutive days using the following equation proposed by Bevans et al. (2005):
DMlvar, % = [(DMICD - DMIPD)/DMIPD] x 100, in which DMICD = DMI of the current
day in kg and DMIPD = DMI of the previous day in kg. When the value was negative, it was
multiplied by -1. The feed efficiency (G:F) was calculated as the ratio of ADG and DMI and

inversely calculated as the feed conversion ratio (FCR).

Slaughter and carcass assessment

Steers were slaughtered at a commercial slaughterhouse in Barretos (SP, Brazil), 34
km from the feedlot. The animals were previously stunned by the use of a captive bolt and
then bled via the jugular vein, in accordance with humane slaughter practices following the
Sanitary and Industrial Inspection Regulation for Animal Origin Products (Brasil, 1997).
After removing the hide, head, feet, and viscera, the hot carcass weight (HCW) was recorded.
Dressing percent was calculated as follows: Dressing percent, % = HCW/final BW x 100.

After 24 hours of cooling at 4°C in a cold room, the carcasses were weighed again to
obtain the cold carcass weight (CCW). Chilling weight loss was calculated using the
following equation: Chilling weight loss, % = [(HCW - CCW)/HCW] x 100. The pH and
temperature of the carcasses were also measured after 24 hours of cooling, taking this
measurement in the longissimus thoracis (LT) muscle between the 12" and 13" ribs of the left
half of the carcass, using a calibrated portable pH/temperature meter (Model HI 99163;
Hanna, Woonsocket, RI, USA).

Rib eye area (REA) and backfat thickness (BFT) were measured in sections of the LT
muscle with bone between the 12" and 13" ribs of the left half of the carcass. The muscle area

were traced on transparent paper and then scanned along with a standard measurement to be
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later estimated using ImageJ® software (National Institutes of Health, Bethesda, Maryland,
USA). Backfat thickness was measured with a precision caliper with a millimeter scale

positioned at ¥ of the medial border of the LT muscle.

Skeletal muscle collection and meat quality analyses

After removing the hide and noncarcass components, samples of LT muscle were
collected from each animal from the left half of the carcass at the 13" rib height, transported
in liquid nitrogen and stored in an ultrafreezer at -80°C for gene expression analyses. Twenty-
four hours after cooling, six 2.54-cm-thick longissimus lumborum (LL) steaks were collected
from the left half of the carcass and frozen at -20°C for further analysis of chemical
composition and quality traits. The meat samples were vacuum-packed, frozen at -20°C and
transported to the Meat Laboratory of the Animal Science Department of the Federal
University of Lavras.

Meat quality analyses were performed on steaks with aging times of 0, 7, and 14 days,
while the chemical composition was performed only on steaks with no aging time. The
chemical composition was determined on 100 grams of each sample with subcutaneous fat
previously removed and ground for near-infrared analyses using a FoodScan™ (AOAC
method: 2007-04; FOSS, Hillerod, Denmark).

The CIE color indices were estimated on the surface of steaks previously thawed
overnight at 4°C. The steaks were removed from the vacuum packs for exposure to the
oxygen for 30 minutes for the purpose of blooming. Meat surface reflectance data were
recorded from the average of five consecutive measurements using a CM-700
spectrophotometric colorimeter (Konica Minolta Sensing Inc., Osaka, Japan), with 8 mm
aperture size, illuminant D65, 10° observer angle and in specular component excluded mode
(SCE). From the readings obtained in SCE mode, brightness (L*), redness (a*) and
yellowness (b*) values were determined.

Steaks weights were recorded frozen and thawed after 16 hours at 4°C for thawing loss
calculations that were reported as a percentage of the initial weight. The same steaks were
cooked on a grill until they reached an internal temperature of 71°C, which was monitored
using a portable digital thermometer. After cooking, the steaks remained at room temperature
until the temperature stabilized and were subsequently weighed (AMSA, 1995). The cooking
loss calculations were reported as a percentage of thawed steaks weight. Warner-Bratzler
Square Shear Force (WBsSF) was performed on the same steaks used to estimate cooking

losses according to the methodology described by Silva et al. (2015). For each steak, five
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rectangular cores (1.0 x 1.0 x 2.5 cm) were obtained in the muscle fibers direction. Each
rectangular core was sheared transversely at 200 mm/min by a Warner - Bratzler blade
coupled to a TA.XTplus texturometer (Stable Micro Systems Ltd., Godalming, Surrey, United
Kingdom). The cut resistance results were measured in Newtons from the average value of the

five rectangular cores.

Gene expression analyses

The design of target and reference primers was performed using sequences that are
registered and published in the GenBank and National Center for Biotechnology Information
(NCBI) platforms (Table 2). Primers were designed using OligoPerfect Designer software
(Invitrogen, Karlsruhe, Germany) and synthesized (Invitrogen, Carlsbad, CA, USA). Total
RNA was extracted from muscle samples using QlAzol (QIAGEN, Valencia, CA) and treated
with DNA-free DNase (Ambion, Austin, TX) according to the manufacturer’s instructions. To
analyse the 28S and 18S rRNA bands, the total RNA was electrophoresed in a 1.0% (m/v)
agarose gel, stained with GelRed nucleic acid gel stain (Biotium, Hayward, CA) and
visualized with a E-gel Imager Camera Hood (life thecnologies, Neve Yamin, Israel). The
RNA quantity (ng/uL) and quality (260/280 and 260/230) were assessed using a
spectrophotometer (DeNovix DS-11 Spectrophotometer, USA) at 260 nm. cDNA synthesis
was performed using the HighCapacity cDNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA) according to the manufacturer’s instructions, and samples were
stored at -20°C.

Real-time gPCR (RT-gPCR) was performed on an Eppendorf Realplex system
(Eppendorf, Hamburg, Germany) with a SYBR Green detection system (Applied Biosystems,
Foster City, CA, USA). PCRs were incubated in a 96-well plate at 50°C for 2 min, followed
by 95°C for 10 min, and then 40 cycles of 95°C for 15 s and 60°C for 1 min. RT-qPCR
analyses of each studied gene were performed using cDNA from 10 biological replicates, with
2 technical replicates per biological replicate. Biological replicates were selected at random
within each treatment. Reference genes were tested, and the best individual gene or
combination of endogenous controls was chosen using the web-based tool RefFinder. This
tool selected the S-actin and CASC3 (cancer susceptibility candidate 3) genes as more stable
for use in gene expression analyses in bovine muscles (Coelho, 2018). A validation assay was
performed to demonstrate that the amplification efficiencies of the target and reference genes

were approximately equivalent. Standard curves were generated for the studied genes with the
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following dilutions: 1:5, 1:25, 1:125, 1:625 and 1:3125. Relative expression levels were
calculated according to the method described by Pfaffl (2001).

Statistical analyses

Performance measurement, carcass characteristics, meat quality and skeletal muscle
gene expression in steers were analyzed in a 2 x 2 factorial scheme, with finishing diets
(NFAT vs. RPF), maternal nutrition (CTL vs. SUPP) and their interactions as fixed effects.
Additionally, for meat quality analysis, aging time was included within the model. The
performance, carcass characteristics, skeletal muscle gene expression and chemical
composition of meat from steers were analyzed using the GLM procedure (SAS Inst., Inc.,
Cary, NC). Meat quality traits were analyzed using the PROC MIXED procedure (SAS Inst.
Inc., Cary, NC). Steers were considered as experimental units. The Shapiro-Wilk test was
performed to assess the normality of all collected data. When data were not normally
distributed, they were transformed using PROC RANK (SAS Inst. Inc., Cary, NC). Means
were considered significant when P < 0.05, and trends were discussed when 0.05 <P < 0.10.

We inform for the present research, a steer coming from the SUPP treatment and fed
with the RPF diet suffered chronic tympanism during the experimental phase, therefore, all

data of this animal were removed from the analyzes.

Results

There was no interaction between finishing diets and maternal nutrition for
performance measures, carcass characteristics and gene expression or interaction with aging
time for meat quality. Therefore, the data are shown and the effects were discussed separately
by finishing diet, maternal nutritional management, and meat aging time.

The use of RPF in feedlot diets reduced the DMI and DMIbw of the steers (P < 0.01;
Table 3), and consequently, the final BW, ADG, and hot and cold carcass weights were lower
(P < 0.05). Although the average daily gain of steers finished with RPF was lower, the FCR
and G:F did not show differences between the diets (P > 0.05). In addition, a trend of a
smaller REA was observed in the carcasses of steers that received RPF compared with the
NFAT group (P = 0.07). However, when REA was adjusted to 100 kg of carcass, there was
no difference between treatments (P = 0.39). Regarding maternal nutrition, there was no
effect on feedlot performance or carcass characteristics of the offspring (P > 0.05; Table 3),
except for pHa4n, Which was higher in carcasses of steers born from SUPP dams than in the
CTL group (P =0.01).
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There was no effect of the finishing diets or maternal nutrition on the chemical
composition of the offspring meat (P > 0.05; Table 4). For color parameters, only a higher L*
value was observed in the meat of steers from CTL dams compared to the SUPP group (P =
0.04; Table 5). However, regarding other characteristics of meat quality, such as exudate
losses and WBSSF, there were no effects of maternal nutrition or the finishing diets (P >
0.05).

Regardless of the finishing diet or maternal nutritional background of the offspring,
aging had an effect on most meat quality traits (P < 0.01; Table 6). There was an increase in
L* values and a decrease in b* intensity over the aging period (P < 0.01), but the brightness in
the meat on days 7 and 14 did not differ (Table 6). Thawing losses increased progressively
with aging, and cooking losses were opposite when the meats were aged (P < 0.01). In
addition, a decrease in WBsSF of approximately 30% was observed in meat at 14 days
compared to 0 aging time (P < 0.01).

Figures 1 and 2 present the relative gene expression in the LT muscle of steers fed to
finishing diets with or without rumen-protected fat and born from cows supplemented or not
supplemented during mid- to late gestation, respectively. Steers fed RPF showed a greater
abundance of mRNA for MyHC | (P = 0.03), MyHC IIx (P = 0.04), IGFR1 (P = 0.005),
COL3A1 (P = 0.03), FN1 (P < 0.001), and ACACA (P = 0.02) and tended to increase the
MRNA expression of the SREBF1 (P = 0.07) gene than the NFAT group. Steers born from
SUPP dams had a greater mRNA of genes MyHC | (P = 0.04) and CPT2 (P = 0.03) and a
tendency toward greater mRNA expression of FASN (P = 0.09) and ACACA (P = 0.06) than
steers from CTL dams.

Discussion

The use of rumen-protected fat in diets for ruminants is a strategy to increase energy
density and reduce the risk of metabolic disorders (Ladeira et al., 2014) and methane
emissions, which can result in improvements in performance, carcass characteristics and meat
quality (Fiorentini et al., 2012a; Fiorentini et al., 2014). However, in the present study, the use
of RPF reduced the DMI of steers by ~21% during the finishing phase (Table 3). This result
contrasts with other studies using sources of protected fat in feedlot diets (Fiorentini et al.,
2012b; Santana et al., 2014; Barducci et al., 2015) and may be associated with high levels of
dietary fat. For example, the studies previously cited did not exceed the EE content of the diet

by 7%, which is lower than that used in the present study (Table 1).
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According to Zinn and Jorquera (2007), to avoid affecting the dietary value of
supplementary fat, 7% of the total dry matter intake is recommended. Since high plasma
concentrations of long-chain fatty acids can lead to an inhibition of gastric emptying due to
direct effects within the hypothalamus or through the vasovagal reflex via vagal afferents,
reducing the intake of dry matter (Chelikani et al., 2004).

As a consequence of low DMI using RPF, ADG, final BW and carcass weight were
lower (Table 3), which is consistent with the results reported in the literature (Araujo et al.,
2010; Warner et al., 2015). The ribeye area is a measure that relates to carcass muscularity
(Williams, 2002), and in this case, there was a tendency toward a lower value for steers fed
with RPF (P = 0.07). However, this measure is affected by the animal’s body weight, so when
it was adjusted for each 100 kg of carcass (Leme et al., 2000), this difference between
treatments disappeared, indicating that the deposition of muscle tissue was similar in both
diets (Table 3).

Regarding maternal nutritional background, previous studies have shown that protein
restriction in dams from the second third of gestation can affect the performance and carcass
characteristics of the offspring during the finishing phase (Greenwood and Cafe, 2007; Stalker
et al., 2007; Underwood et al., 2010). However, other studies that evaluated the effect of
protein supplementation during mid- to late gestation on the performance and carcass
characteristics of the offspring did not find effects of the fetal programming protocols (Larson
et al., 2009; Mulliniks et al., 2012; Maresca et al., 2019), similar to the findings of the current
study. In this case, the discrepancies found in the literature and those observed in this study
may be associated with differences in severity, time and stage of pregnancy, which led to
nutritional restriction of the dam (Paradis et al., 2017). In view of this, a reduction of ~25% of
the protein requirements in pregnant cows can be considered a moderate restriction
(Rodrigues et al., 2020), which can be compensated with metabolic and physiological
adaptations of the dam (Rotta et al., 2015) to maintain fetal concentrations of glucose
(Vonnahme et al., 2006) and amino acids (Jobgen et al., 2008). Therefore, the effects on the
growth and performance of offspring from birth to the finishing phase can be minimal or null
(Mulliniks et al., 2015). In addition, the maternal nutrition effect may be disguised when the
feedlot occurs when steers are approximately 18 - 24 months old, a normal condition in the
Brazilian system.

Knowledge of the genes that regulate the metabolic properties of skeletal muscle has
aroused interest in animal production, since the type of muscle fiber plays an important role in

growth dynamics (Moreno-Sanchez et al., 2010), as well as in the organoleptic properties of
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meat (Picard and Gagaoua, 2020). In the present study, steers fed with RPF during feedlot
showed a greater expression of MyHC I, as well as MyHC llx, in skeletal muscle (Figure 1).
The abundance of MyHC | mRNA may be associated with a drop of ~21% in DMI, as well as
a lower intake of starch that was replaced by rumen-protected fat (Table 1). On the other
hand, it has been demonstrated in mice that high plasma concentrations of triglycerides, at the
beginning of a nutritional fat regime, can encourage the conversion of muscle fibers to an
oxidative type (de Wilde et al., 2008). This fact was explained by the initial insulin resistance
increase caused by high concentrations of lipids in plasma, which leads to upregulation of the
expression of genes related to the oxidative phosphorylation complex. However, high plasma
concentrations of fatty acids over a prolonged period also reduce the oxidative capacity of
muscle fibers (de Wilde et al., 2008). Therefore, changes in muscle fiber types can occur with
the use of a high-EE diet in beef cattle feedlots.

In conditions of restricted intake, as in the case of steers fed RPF, the plasma levels of
growth hormone may be elevated, in contrast to a reduction in IGF-1. Although the plasma
concentrations of these hormones were not measured in our study, the increase in mRNA
expression of IGF1R can be a compensatory mechanism (Busato et al., 2016). On the other
hand, studies have shown that IGF1 receptors, as well as insulin receptors, have structural and
functional homologies. Therefore, the same receptor may have an affinity for IGF1 or insulin
and perform the same glucose uptake function (LeRoith and Yakar, 2007; O’Neill et al.,
2015). In this sense, the upregulation of IGF1R in steers fed RPF may be an alternative to an
insulin resistance process probably caused by high plasma concentrations of fatty acids due to
the high inclusion of lipids in the diet. In muscle, insulin binding to IR or IGF1R activates the
P13-kinase pathway by phosphorylation of insulin receptor substrates 1 and 2, which induces
SREBP1 (Guillet-Deniau et al., 2002; Nadeau et al., 2004). This protein, which is encoded by
the SREBF1 gene, usually controls the expression of ACACA, FASN and SCD1, which are
involved in de novo fatty acid synthesis (Shimano, 2001). Additionally, it has been reported
that SREBP1 regulates the expression of Slc2a4 in muscle through its binding in the promoter
region of that gene (Poletto et al., 2015). Therefore, despite the fact that we have not assessed
the glucose-signaling pathway at protein level, the upregulation of mRNA expression of
SREBF1 in steers fed RPF may indicate a mechanism for glucose uptake (Figure 1).

Another important fact is that IGF1 receptors are also involved in the translocation of
GLUT4 transporters to the sarcolemma by activating the PI3-kinase and MAP-kinase
pathways (Siddle, 2011). Although gene expression for GLUT4 receptors has not been
evaluated, upregulation of mRNA expression of MyHC l1Ix in steers fed RPF suggests an
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increased use of glucose in the muscle (Figure 1). MyHC IIx expression is a marker of
glycolytic fibers (Blaauw et al., 2011), and these fibers use glucose as the main energy source
(Picard and Gagaoua, 2020).

Regarding the effect of the maternal nutritional background of offspring, it was
evidenced that steers born from SUPP dams showed greater expression of MyHC | during
finishing phase, which is a marker of type | fibers (Figure 2). However, these same animals at
birth and during the preweaning phase did not show effects of gestational nutrition when
expressing the MyHCs isoforms (P > 0.05). This shows that the metabolic plasticity of
skeletal muscle can be regulated by nutritional stimuli not only during the prenatal phase, but
also in the long term during the postnatal life (Aragdo et al., 2014; Picard and Gagaoua,
2020). Therefore, it is likely that the greater expression of MyHC | in steers from SUPP dams
is a consequence of nutritional management during the rearing phase. Bearing in mind that, in
central Brazil, the majority cow-calf operations wean calves in conditions of low supply and
quality forage (Ferraz and de Felicio, 2010). In this sense, it is possible that calves from SUPP
dams with a lower capacity for nutrient absorption due to impaired development of the
intestinal villi during fetal phase (da Cruz et al., 2019; Rodrigues et al., 2020), have gone
through a nutritional restriction process during the rearing phase. Therefore changes in the
muscle fiber composition, expressing a more oxidative phenotype, are more evident during
the postweaning phase (White et al., 2000; Greenwood et al., 2009), as it is a way to spend
less energy and produce more ATP per unit of glucose with respect to glycolytic fibers
(Lehnert et al., 2006).

Differences in the expression of biomarkers for type of muscle fiber caused by
maternal nutritional management can affect some carcass characteristics and meat quality of
offspring. Therefore, it is possible that the higher muscle pH in the carcasses of offspring born
from SUPP cows is related to a greater concentration of type | fibers (Table 3). This happens
because muscles with high concentrations of oxidative fibers have a low rate and extent of
postmortem pH decline due to the low accumulation of lactic acid (Kim, Yang, & Jeong,
2016). Consequently, a higher pH of the carcasses of offspring from SUPP cows may have
reduced the brightness of the meats compared to the offspring from CTL group (Table 5).
Since high pH values can induce a greater retention of intracellular water that manifests itself
as increasing light absorption and decreasing reflectance (Ramanathan et al., 2020).

Intramuscular fat is a very popular aspect in some markets due to its positive effects
on the tenderness, flavor and juiciness of meat (Hunt et al., 2014). The development of this

tissue is intensified during the fetal and neonatal stages and provides places for the



65

accumulation of fat through lipogenesis during the finishing phase (Du et al., 2015).
Therefore, transcription factors such as ZFP423 and PPARG have important roles in
adipogenic impairment and differentiation, respectively (Gupta et al., 2010; Duarte et al.,
2013). In view of the fact that gestational supplementation positively affects the expression of
these adipogenic genes in the offspring at weaning (Rodrigues et al., 2020). It is possible that
a greater number of intramuscular adipocytes was recruited during the preweaning phase in
calves born from SUPP dams, which is known as the marbling window (Du et al., 2015).

In our study with these same animals used by Rodrigues et al. (2020), our goal of
using RPF in the diet during the finishing phase was to increase the uptake of PUFAS in the
body, which could regulate the expression of PPARs (Varga et al., 2011), as well as others
genes linked to lipid metabolism (Oliveira et al., 2014). On the other hand, it is known that
SREBP1 encoded by SREBF1 gene, is an enhancer of the regulation of Slc2a4/GLUT4 in
adipocytes (Im et al., 2006) and muscle cells (Poletto et al., 2015), which could increase the
glucose uptake from diets high in concentrates, aiming to increase the synthesis of
intramuscular fat. Regardless of the maternal nutritional background, feeding with RPF of
both offspring during the finishing phase had an effect on the upregulation of the SREBF1 and
consequently of ACACA, which are markers of lipogenesis induction. However, no difference
was observed in intramuscular fat (Table 4). On the other hand, when the effect of maternal
nutritional background on the regulation of genes in skeletal muscle of offspring during the
finishing phase was evaluated, the upregulation of ACACA and FASN genes of steers born
from SUPP dams was observed. This it fact, which may be related to a higher lipogenic
activity (Ward, Woodward, Otter, & Doran, 2010), probably due to a greater number of
adipocytes recruited during the fetal phase.

In de novo fatty acid synthesis, acetyl-CoA carboxylase and fatty acid synthase are
responsible for catalyzing the synthesis of malonyl-CoA and subsequently the formation of
long-chain fatty acids (Ladeira et al., 2016). However, although the mRNA of ACACA and
FASN genes were more highly expressed in steers from SUPP dams, the percentage of
intramuscular fat in meat did not differ compared to the CTL group (Table 4). Therefore, part
of our hypothesis that maternal supplementation could upregulate the expression of lipogenic
genes in the offspring during the finishing phase was verified. The lack of difference in the
intramuscular fat content of steers from SUPP cows may be related to the greater expression
of the CPT2 gene (Figure 2). The enzyme encoded by the CPT2 gene is responsible for
transforming acyl-carnitine into acyl-CoA in the mitochondria to then enter the beta-oxidation

pathway (Ladeira et al., 2018), and the upregulation of this gene is related to a greater
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abundance of MyHC | (Boufroura et al., 2018). Therefore, an increase in the oxidative
isoforms of muscle fibers increases the oxidation of fatty acids as an energy source (Kim,
Wellmann, Smith, & Johnson, 2018; Picard and Gagaoua, 2020). In view of this, the greater
MRNA expression of genes related to de novo synthesis (ACACA and FASN) and degradation
(CPT2) of fatty acids in muscle of steers from SUPP dams may result in an increase in lipid
turnover, which prevents the deposition of intramuscular fat (Teixeira et al., 2017).

Adipocytes and fibroblasts are derived from the same pool of cells called
fibroadipogenic progenitors that differ from myogenic progenitors during early development
(Du et al., 2013). Both adipogenic and fibrogenic cell lines are located in the extracellular
matrix (ECM) that surrounds muscle fibers (Duarte et al., 2013). The collagen content in
skeletal muscle is a balance between synthesis and degradation, and an increase in the
production of connective tissue constituents contributes to meat toughness (Duarte et al.,
2011; Purslow, 2014). Different stimuli can affect collagen deposition, especially nutritional
status. Restriction of nutrient intake in cattle has shown increases in the deposition of collagen
in meat (Archile-Contreras et al., 2010). However, in our study, with a ~21% reduction in
DMI of steers fed with RPF, an increase in the total collagen in the meat was not evident
(Tables 4), although there was an upregulation of the COL3A1 and FN1 genes in the muscle
of these animals (Figure 1). A study with 35% nutritional restriction in lambs showed an
increase in MRNA abundance for genes related to collagen and fibronectin deposition (Zhao
et al., 2015). Several studies have indicated that external stress stimuli, such as nutrient
restriction, are responsible for the activation of the p38 MAPK pathway, which directly
upregulates fibrogenic genes (Kamaraju and Roberts, 2005; Zheng et al., 2011; Zhao et al.,
2015).

Although a nutritional restriction can regulate fibrogenic genes in skeletal muscle,
also, the uptake of high concentrations of lipids in the body can control the expression of
these genes. For example, studies in humans and adult mice indicate that high plasma
concentrations of lipids can upregulate genes that control collagen deposition, but other genes
related to metalloproteinases, proteoglycans and laminins, which are associated with
inflammatory processes in ECM, are also upregulated (Richardson et al., 2005; Williams et
al., 2015). In this case, it is possible that an excess of triglycerides due to a high intake of RPF
for a long period during the feedlot could have upregulated the COL3A1 and FN1 genes as a
proinflammatory response and not for collagen deposition in muscle.

In a previous study with the same animals used in this trial, it was evidenced through

molecular markers that maternal supplementation during mid- to late gestation positively
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affected the myogenesis and adipogenesis of calves at weaning (Rodrigues et al., 2020).
Therefore, with the supply of RPF in the finishing diet for offspring born from SUPP dams,
we expected that the supply of fatty acids could be used by the adipocytes for a greater
deposition of intramuscular fat. Although, the effects of RPF feeding during the finishing
phase were not related to maternal nutritional background, the regulation of lipogenic and
type of muscle fiber genes in the offspring was positive. However, phenotypic effects such as
intramuscular fat and meat tenderness were not affected (Tables 4 and 5). On the other hand,
differences in meat quality throughout aging did not depend on the finishing diets used in this
trial or the maternal nutritional background of the offspring (Table 6). Therefore, the results
of the meat aging presented will not be discussed, since it is not the focus of this study.

Conclusions

The finishing with rumen-protected fat in the offspring regardless of maternal
nutritional background affects the performance and weight of the carcasses, as well as the
expression of myogenic and fibro/lipogenic genes, without affecting the deposition of
intramuscular fat, total collagen or meat tenderness. Finishing of offspring with rumen-
protected fat and maternal nutritional background do not affect the physical-chemical traits of
meat aged.
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Table 1. Ingredients and chemical composition of maternal supplement and offspring feedlot
diets with (RPF) or without rumen-protected fat (NFAT)

Feedlot diets

Item Maternal supplement

NFAT RPF
Ingredient, % of DM
Soybean meal 50.9 . -
Ground corn® 29 6 . ;
Urea 4.90 - -
Limestone 750 - -
Sodium chloride 1.90 - -
Monocalcium phosphate 310 - -
Vitamin-mineral premix” 210 . .
Sugarcane bagasse . 12.7 12.7
Coarsely ground corn® - 738 66.4
Cottonseed meal - 10.0 11.4
Calcium salts® - - 6.00
Mineral supplement’ ] 3.00 3.00
Potassium chloride - 0.50 0.50
Chemical composition, % of DM
Dry matter 90.6 89.0 89.4
Crude protein 36.9 14.4 14.4
Neutral detergent fiber 12.1 19.2 18.9
nonfibrous carbohydrates® - 56.8 51.0
Ether extract 1.75 2.80 7.60
Ash 16.5 6.8 8.1
Starch - 43.0 38.7
ME, Mcal/kg DM' - 2.80 2.98

Flint corn.
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®Assurance levels per kilogram of product: Ca, 35 g; P, 10 g; Na, 72 g; Mg, 3,4 g; Co, 10 mg;
Cu, 150 mg; I, 12 mg; Mn, 165 mg; Se, 2.67 mg; Zn, 500 mg; vitamin A, 24,000 Ul; vitamin
D, 3800; vitamin E, 380.

‘Rumen-protected fat, calcium salts of soybean fatty acids. Assurance levels per kilogram of
product: ether extract (min.): 820.00 g/kg, Moisture (max.): 50 g/kg, Ca (min.): 67 g/kg, Ash
727 (max.): 200 g/kg (Nutricorp, Aracgatuba, SP, Brazil).

9Assurance levels per kilogram of product; Ca: 131 g, P: 15.3 g, Na: 53 g, S: 41 g, Mg: 17.2 g,
Zn: 1.491 mg, Cu: 452 mg, Mn: 463 mg, F: 106 mg, Co: 59 mg, I: 43 mg, Se: 6 mg,
Monensin: 0.775 g/kg, Equivalent Crude Protein from NPN (min.): 108.5%, CP (min.):
110.7%.

*Nonfiber carbohydrates calculated according to Sniffen (1992).

"ME = TDN (g/kg DM) x 4.4 x 0.82 (Carvalho, 2015).
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Table 2. Primer sets used to quantify the mRNA expression of genes in longissimus thoracis muscle tissue using quantitative real-time PCR

Symbol Gene Primer sequences Accession Amplicon R2  Efficiency
number
MyHC | Myosin heavy chain type | F AGGAGAAACACGCCACAGAG NM_174117.1 92 0.998 95.7
RCTTTTCCTTGGTCAGCTTGG
MyHC Ila  Myosin heavy chain type lla F GCCCAAGGAATCTTTTGTCA NM_001166227.1 89 0.998 92.8
R CTGTCAGAGTCGCTCCTCCT
MyHC IIx ~ Myosin heavy chain type 11x F AAGCTGTCAAGGGTCTACGC AB059399.2 94 0.999 95.6
R TCCTGGAGCCTGAGAATGTT
MyOD Myogenic differentiation 1 F CGACGGCATGATGGACTAC NM_001040478.2 82 0.997 94.0
R CGCCTCGCTGTAGTAAGTGC
mTOR Mammalian target of F CATGGAAATGGCATCCAAG XM_015475105.1 90 0.993 94.3
rapamycin R GAGTTTGAGGTGAAGCGAGC
IGF1R Insulin-like growth factor 1 F TGCGGTTCTGTTGATAGTGG HQ703508.1 101 0.993 97.5
receptor R TGGAGTGCTGTATGCCTCTG
COL3A1 Collagen type I, alpha 1 F AACCAGAACCGTGCCAAATA NM_001076831.1 90 0.997 94.5
R TGGGGCAGTCTAATTCTTGG
FN1 Fibronectin 1 F GGGGGCAGTCCTACAAGATT NM_001163778.1 92 0.990 98.5
R TTTGCCATTACCCAGACACA
PPARG Peroxisome proliferator- F CGACCAACTGAACCCAGAGT NM_181024.2 83 0.986 99.97

activated receptor gamma

R TCAGCGGGAAGGACTTTATG
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PPARA

SREBF1

FABP4

SCD1

FASN

ACACA

ACOX

CPT2

ACTB

CASC3

Peroxisome proliferator-
activated receptor alpha
Sterol regulatory element-
binding protein-1c
Fatty acid binding protein 4

Stearoyl-CoA desaturase

Fatty acid synthase

Acetyl-CoA carboxylase alpha

Acyl-coenzyme A oxidase 1

Carnitine palmitoyl transferase

2

Actin beta

Cancer susceptibility candidate
3

F CAATGGAGATGGTGGACACA

R TTGTAGGAAGTCTGCCGAGAG

F GAGCCACACACTTCAACGAA
RTGTCTTCTATGTCGGTCAGCA

F GGATGATAAGATGGTGCTGGA

R ATCCCTTGGCTTATGCTCTCT
FTTATTCCGTTATGCCCTTGG
R TTGTCATAAGGGCGGTATCC
F ATCAACTCTGAGGGGCTGAA
R CAACAAAACTGGTGCTCACG

F TGAAGAAGCAATGGATGAACACA

R TTCAGACACGGAGCCAATAA
F GCTGTCCTAAGGCGTTTGTG
R ATGATGCTCCCCTGAAGAAA
F CATGACTGTCTCTGCCATCC
R ATCACTTTTGGCAGGGTTCA
F GTCCACCTTCCAGCAGATGT
R CAGTCCGCCTAGAAGCATTT
F GGACCTCCACCTCAGTTCAA
RGTCTTTGCCGTTGTGATGAA

NM_001034036.1

NM_001113302.1

NM_174314.2

NM_173959.4

U34794.1

NM_174224.2

BC102761.2

BC105423.1

NM_173979.3

NM_001098069.1

95

88

73

83

83

88

83

91

90

85

0.992

0.985

0.994

0.981

0.974

0.994

0.994

0.914

0.996

0.976

99.17

94.61

92.60

95.79

99.52

96.63

99.03

99.91

105

98
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Table 3. Performance measurements and carcass characteristics of steers fed with (RPF) or without
rumen-protected fat (NFAT) from nonsupplemented (CTL) or protein supplemented (SUPP) dams

iterm Feedlot diet Maternal nutrition P-value
NFAT RPF CTL SUPP SEM FD MN  FD x MN

Performance

Initial BW, kg 339 343 340 342 7.54 0.63 0.80 0.37
Final BW, kg 464 435 444 455 12.6 0.02 0.37 0.33
DM, kg/d 8.25 6.50 7.35 7.40 0.31 <0.01 0.82 0.24
DMlpw, %/BW 2.05 1.70 1.90 1.85 0.05 <0.01 0.58 0.84
DMlyar, % 4.80 5.15 4.80 5.15 0.49 045 0.44 0.60
ADG, kg/d 0.930 0.735 0.851 0.815 0.06 <0.01 057 0.55
FCR, kg/kg 9.15 9.55 9.05 9.65 0.57 047 0.30 0.90
G:F, kag/kg 0.112 0.109 0.113 0.108 0.01 0.60 0.35 0.90
Carcass traits

HCW, kg 269 252 257 264 7.57 0.03 0.34 0.48
CCW, kg 264 248 253 259 7.57 0.03 0.40 0.40
Dressing percent, % 57.8 57.9 57.8 57.8 0.39 0.77  0.90 0.44
Chilling weight loss, % 1.45 1.60 1.55 1.50 0.17 043 0.77 0.40
REA, cm’ 683 643 659  66.7 221 007 070 030
REA/100 kg HWC,cm* 259 253 258 25.4 0.80 0.39 0.63 0.81
BFT, mm 4.70 4.45 4.65 4.50 0.43 051 0.78 0.74
PH24n 5.65 5.65 5.60 5.70 0.03 038 0.01 0.89

Tempagn, °C 12.9 12.6 12.6 12.9 0.23 014 0.29 0.59
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Table 4. Chemical composition of meat of steers fed with (RPF) or without rumen-protected fat
(NFAT) from nonsupplemented (CTL) or protein supplemented (SUPP) dams

Feedlot diet Maternal nutrition P-value
ftem NFAT RPF CTL SUPP SEM FD MN FD x MN
Moisture, % 722 723 72.1 724 0.26 096 0.25 0.99
Protein, % 23.1 232 23.1 23.2 0.23 0.72  0.69 0.29
Fat, % 220 225 2.25 2.20 0.28 091 0.88 0.97
Minerals, % 2.25 2.15 2.25 2.15 0.15 0.39 0.62 0.81

Total collagen, % 1.40 1.40 1.45 1.35 0.07 1.00 0.34 0.30




Table 5. Meat quality traits of steers fed with (RPF) or without rumen-protected fat (NFAT) from nonsupplemented (CTL) or protein
supplemented (SUPP) dams

Feedlot diet Maternal nutrition P-value
ftem NFAT RPF CTL SUPP SEM FD MN FDxMN FDxMN xT
Color L* 41.2 41.1 41.7 40.6 0.57 0.76 0.04 0.64 0.72
Color a* 18.1 18.1 18.0 18.2 048 0.92 0.57 0.47 0.84
Color b* 16.2 15.8 16.1 15.9 031 0.14 0.39 0.71 0.98
Thawing losses, % 10.1 10.8 10.4 10.6 0.50 0.14 0.70 0.49 0.20
Cooking losses, % 23.2 22.9 23.1 23.0 0.45 0.46 0.81 0.77 0.72

WBsSF, N 53.4 53.1 51.4 55.1 2.94 0.90 0.19 0.49 0.52




Table 6. Meat quality traits of steers fed with (RPF) or without rumen-protected fat

(NFAT) from nonsupplemented (CTL) or protein supplemented (SUPP) dams on different

days of aging

Aging time (days)

Item SEM P-value
0 7 14

Color L* 39.7° 41.8° 42.2° 0.61 <0.01
Color a* 18.0 18.3 18.0 0.41 0.82
Color b* 16.8° 16.0° 15.2° 0.26 <0.01
Thawing losses, % 7.13° 10.5° 13.8° 0.39 <0.01
Cooking losses, % 25.1° 23.5° 20.6° 0.39 <0.01
WBsSF, N 59.9% 57.9° 42.0° 1.82 <0.01
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Figure 1. Effect of the feedlot diet on gene expression in the longissimus thoracis muscle of
steers fed with or without rumen-protected fat. Data are expressed as a percentage of the
without rumen-protected fat group. Bars represent the standard error of the mean. The values

with asterisks are significantly different (P < 0.05), and = represents a tendency to be different
(0.05>P <0.10).
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Figure 2. Effect of maternal nutrition on gene expression in longissimus thoracis muscle from
offspring of nonsupplemented or supplemented dams. Data are expressed as a percentage of the
nonsupplemented group. Bars represent the standard error of the mean. The values with

asterisks are significantly different (P < 0.05), and & represents a tendency to be different (0.05
>P <0.10).



