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These studies evaluated if maternal supplementation of rumen-protected 

methionine (MET) and/or metabolizable protein (MP) level during late gestation impacts 

steer progeny feedlot performance and carcass characteristics. Fifty-five Angus-cross 

steer progeny were included from a research-intensive study where cows were fed 

isocaloric diets that supplied 90, 100, or 110% of MP requirements (NASEM, 2016), 

with or without 9g/d MET for the last eight weeks of gestation. Additionally, thirty-four 

Angus-cross steer progeny from an industry applied study where MET was supplied at a 

rate of 12g/d were also assessed. In a research-intensive setting, feeding below MP 

requirements elevated serum non-esterified fatty acid concentrations (P=0.01), and 

improved progeny grade fat (P=0.04). In an industry setting, MET supplementation 

improved steer body weight throughout life (P≤0.02), although, carcass quality was not 

improved. These studies demonstrated that maternal MP level may alter fat mobilization 

and MET supplementation can increase offspring body weight.  
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1 LITERATURE REVIEW 

 

1.1 Introduction 

Fetal programming is the process in which maternal environmental stimuli during 

key periods during gestation can have lasting impacts on fetal development as well as 

growth, health, and development throughout life (Barker et al., 1993). These 

environmental, chemical, and nutritional stimuli, which have occurred during pregnancy 

or in early life, have been shown to affect the future health and productivity of progeny 

(Vickers et al., 2005; Burdge et al., 2007). Changes in the nutrient content of diets 

during pregnancy can result in altered gene expression without modification of the DNA 

sequence (Gluckman, 2011; Feil and Fraga, 2012). This can affect the development of 

an embryo, as well as the growth and health of animals as they age due to various 

epigenetic mechanisms (Zhang, 2018). Epigenetics is defined as alterations in gene 

expression, partially as a result of changes in chromatin structure through DNA 

methylation, histone structure modifications, and RNA activity (Funston and Summers, 

2013).  

During gestation, cows have elevated nutrient requirements to support fetal 

development (Richardson and Hatfield, 1978), where requirements increase gradually in 

first and second trimester, followed by exponential increases in requirements in the third 

trimester. Ensuring that cows have access to adequate nutrition before and after calving 

is particularly important as deficiencies are known to negatively impact milk production 
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and re-breeding (Clements et al., 2017). In addition, increasing evidence also suggests 

that maternal nutrition can lead to epigenetic and phenotypic changes in the fetus, 

which can impact postnatal growth and development (Reynolds et al., 2010; Paradis et 

al., 2017).  

In conventional beef cow production systems, when forage sources are low in 

protein, it is common practice to supplement a source of protein for pregnant beef cattle 

to meet their requirements. Recently, fetal programming effects of crude protein (CP) 

and/or energy supplementation during different periods of time during gestation have 

been studied. Supplementation of crude protein during late gestation in particular has 

shown to improve body weight and milk production in the cow, as well as improved 

progeny growth and development throughout life (Stalker et al., 2007; Larson et al., 

2009). Although crude protein is commonly used as a measure of protein in the diet, it 

contains both degradable and undegradable nitrogen (N), non-protein N and does not 

accurately reflect the available N for the cow. As such, consideration of metabolizable 

protein (MP) level, which includes dietary protein and microbial crude protein (MCP), 

provides a more accurate representation of the amount of nitrogen and amino acids 

(AA) that are available for absorption (NASEM, 2016). Therefore, studies using 

maternal MP requirements during late gestation may be able to better reflect dietary 

impacts on fetal programming to improve progeny growth and performance throughout 

life.  
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In addition, the essential amino acid methionine (MET) is considered the first 

limiting amino acid for forage-fed beef cattle (Richardson and Hatfield, 1978). Since 

methionine can also be utilized by rumen microbes, it is important to provide a rumen-

protected (RP) form of MET to ensure that it is minimally utilized by rumen microbes 

and reaches the small intestine for absorption and utilization. Although research into 

RP-Met supplementation for beef cows is limited, incorporation of MET in dairy cattle 

diets during gestation has been shown to improve cow milk production and milk quality 

(Patton, 2010). In addition, minimal research has been conducted to investigate the 

effects of maternal methionine supplementation on progeny growth and development in 

ruminants. Previously reported literature investigating maternal MET supplementation 

on calf birth body weight and calf growth is contradictory, and only considers progeny 

growth from birth until weaning (Jacometo et al., 2016; Batistel et al., 2017; Clements et 

al., 2017; Alharthi et al., 2018; Moriel et al., 2020). 

The following review will consider fetal programming and the available research of 

maternal metabolizable protein level and methionine supplementation on offspring 

growth and development throughout life. 

1.2 Fetal Programming 

Fetal programming is the concept that prenatal stimuli such as nutrition, stress, and 

environment can influence the development of the fetus, and may have lasting impacts 

on phenotypic traits, such as progeny health and growth (Taylor et al., 2016). In addition 

to the stimulus, the timing of nutrient inclusion or restriction during gestation has varying 
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impacts on physiological development (Funston et al., 2010). For example, alterations 

to nutritional content in early gestation impacts placental development, while late 

gestation nutritional changes are more likely to influence nutrient utilization by tissues 

associated with growth of the fetus (Funston et al., 2010). Previous research in beef 

feedlot steers has demonstrated fetal programming responses influencing health, 

immunity, growth potential, carcass yield, and carcass quality traits (Funston et al., 

2010). If these prenatal factors can be managed and/or controlled, there is potential to 

use fetal programming as a management tool to enhance growth and production traits 

within the beef industry (Paradis et al., 2017). 

A fetal programming hypothesis known as “Barker hypothesis”, or “thrifty phenotype 

hypothesis” states that undernutrition during key time points in pregnancy can reduce 

fetal growth development and create a scenario of metabolic mismatch (Hales and 

Barker, 2001). Metabolic mismatch is the thought that if there is a “mismatch” between 

the developmental environment in utero and the environment in early life, offspring will 

be more susceptible to metabolic changes later in life (Godfrey et al., 2007). These 

changes could include altered abdominal fat deposition and reduced skeletal muscle 

deposition (Godfrey et al., 2010). A review by Hales and Barker (2001) explores the 

relationship between maternal nutrition and offspring development in humans and rats. 

They updated the proposed thrifty phenotype hypothesis to include that maternal 

undernutrition during gestation leads to malnutrition for the fetus during development, 
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which would then result in alterations of offspring growth, metabolism, and organ 

development (Hales and Barker, 2001).   

Over the course of the 283-day gestation for cattle, fetal growth increases 

exponentially during the last third of gestation (Figure 1; adapted from Prior and Laster, 

1979), where the majority (75%) of ruminant fetal development occurs during the last 

two months of gestation (Robinson et al., 1977). This critical period of fetal development 

is also a key time for muscle and fat development, and therefore may be an optimal 

time point to utilize fetal programming strategies. In cattle, muscle cells are originally 

derived from myogenic stem cells (Du et al., 2015). During fetal development, primary 

muscle fibres are formed during the embryonic stage in early gestation (months 1-2), 

while secondary muscle fibres are formed during the fetal stage in mid gestation 

(months 2-7), and muscle fibre maturation occurs during mid to late gestation (months 

5-birth; Du et al., 2010). Increased muscle mass can be achieved through an increase 

in cell numbers (hyperplasia) and/or an increase in cell size (hypertrophy; Koohmaraie 

et al., 2002). Muscle cell numbers could be improved through embryonic cell 

proliferation, or increased satellite cell development, which increases muscle DNA 

content (Koohmaraie et al., 2002). Increased activity of satellite cells during postnatal 

development increases muscle DNA content and thus, increases muscle cell 

hyperplasia (Koohmaraie et al., 2002). Maternal nutrition has been shown to have a 

limited impact on fetal skeletal muscle development during early gestation as there is a 

limited number of muscle fibres developed during this fetal stage (Du et al., 2010). If 
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nutrient restriction occurs during early to mid-gestation in ruminants, there is a reduction 

in muscle fibre number and size, which can reduce offspring growth performance (Du et 

al., 2010). Whereas nutrient restriction during late gestation reduced muscle fibre size, 

but not muscle fibre number in sheep resulting in reduced birth weight (Greenwood et 

al., 1999).  

 

Figure 1: Bovine fetal development throughout gestation.     Adapted from Prior and Laster (1979). 

 

Fetal programming can be a beneficial strategy for improving meat production and 

increasing the economic value of the carcass. In 2015, Du and colleagues wrote a 

review outlining how fetal programming influences skeletal muscle, adipocytes, and 

connective tissue development in beef cattle. During the fetal stage, stem cells 
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differentiate into specific types of cells. Muscle cells are developed from differentiation 

of dermomyotome cells which further develop into muscle fibres, brown adipocytes, and 

satellite cells (Du et al., 2015). Lateral mesoderm cells differentiate into fibrogenic or 

adipogenic progenitor cells, which progress to fibroblasts or adipocytes, respectively 

(Du et al., 2015). Formation of muscle fibres occurs throughout gestation and fibres 

reach maturity during late gestation (Zhu et al., 2004). Nutrient restriction during late 

gestation in sheep reduced the size of fetal muscle fibres, which is indicative of reduced 

skeletal muscle development (Du et al., 2010).  

In addition to muscle development, intramuscular fat is also a key trait for meat 

quality in beef cattle as producers can receive premiums for highly marbled beef. 

Intramuscular fat deposition is determined based on adipocyte cell numbers and sizes 

within skeletal muscle (Du et al., 2010). During fetal development, mesenchymal stem 

cells differentiate into endothelial mesenchymal cells and dermomyotome cells, which 

further mature into adipocyte and myogenic muscle cells, respectively (Du et al., 2015). 

The majority of mesenchymal cells develop into myogenic muscle cells, while a small 

portion differentiate into adipocytes (Du et al., 2010). Adipose tissue is subject to 

compensatory growth, so offspring from nutrient restricted mothers are often fatter 

compared to offspring from cows without nutrient restriction (Du et al., 2015). Adipocyte 

formation occurs during the late gestation-to-early weaning stages of development, as 

such, maternal nutrition during this timeframe affects adipocyte development (Du et al., 
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2013). Therefore, dietary manipulation to ensure optimal nutrition in late gestation would 

be able to improve both fetal skeletal muscle and adipocyte development.  

A study using pregnant ewes found that restricting methionine supply during 

pregnancy resulted in no significant changes in offspring birth weight, however, adult 

offspring were heavier and fatter compared to offspring from control ewes (Sinclair et 

al., 2007). The heavier and fatter offspring showed altered immune responses when 

faced with an antigen challenge, were insulin resistant, and had elevated blood 

pressure (Sinclair et al., 2007). This data provided clinically relevant evidence that 

reductions in specific nutrients can lead to widespread epigenetic alterations to DNA 

methylation in offspring and impacts adult health (Sinclair et al., 2007).  

The underlying mechanisms with fetal development theories including the Barker 

hypothesis and the thrifty phenotype hypothesis relates to altered expression of key 

genes. These gene alterations are caused by epigenetic mechanisms, including DNA 

methylation, alterations in histone structure, and non-coding RNA activity (Godfrey et 

al., 2010). Most mammalian DNA is methylated, with methylation sites found at a 

cytosine nucleotide that is followed by a guanosine nucleotide (CpG; Funston and 

Summers, 2013). Cytosines within CpG-dense zones can be methylated by a DNA 

methyltransferase, which will then alter gene expression (Funston and Summers, 2013). 

Histones, which DNA is wrapped around, can also undergo modification via methylation 

(Funston and Summers, 2013). However, histones can also be modified through 

acetylation, phosphorylation, biotinylation, and ubiquitination (Burgers et al., 2002). 
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Additionally, following transcription, microRNA can regulate gene expression through 

mRNA degradation or translation inhibition (Funston and Summers, 2013).  

Development of organs, tissues, hormones, and metabolic pathways are established 

during the embryonic and fetal stages (Greenwood et al., 2017). During these times, 

maternal diet can be manipulated to induce epigenetic changes in the offspring through 

methylation of DNA and changes of mRNA expression (Jaenisch and Bird, 2003; 

Jacometo et al., 2016). It has been shown that the alteration of maternal intake of 

essential amino acids can result in changes in fetal mRNA abundance (Chmurzynska, 

2010). In a study conducted by Jacomento et al. (2017), researchers confirmed that 

supplementation of rumen-protected methionine during the last 3 to 4 weeks of 

gestation resulted in an alteration of the abundance of genes associated with 

methionine metabolism and DNA methylation in the livers of the calves. Dairy cows 

were fed Smartamine®M, a commercially available RP methionine product providing 

0.08% of diet DM/d methionine from -21 through +30d around calving (Jacometo et al., 

2017). When assessing various genes associated with the methionine and trans-

sulfuration pathways in the calf liver, it was found that there was an elevated abundance 

of betaine-homocysteine S-methyltransferase 2, adenosylhomocysteinase, as well as 

cystathionine-B-synthase (CBS) in calves from mothers that were supplemented with 

methionine (Jacometo et al., 2017). In addition to an increase in CBS, this study found a 

large increase of glutamate-cysteine ligase and glutathione reductase, which suggests 

that there was an alteration from homocysteine synthesis to the synthesis of taurine and 
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glutathione. These changes in hepatic fetal mRNA abundance could be beneficial for 

controlling metabolic-related stress (Jacometo et al., 2017). These results indicated 

maternal MET supplementation altered methionine, choline, and homocysteine 

metabolism and potentially the stress response. However, limited research has 

investigated maternal MET supplementation in beef cattle as such, it is imperative that 

this is explored to determine how MET supplementation during gestation impacts 

offspring growth and development throughout life. 

Molecular Regulation of Fetal Programming  

When investigating fetal programming changes, it may be advantageous to explore 

known genetic pathways that may influence economically relevant traits in beef cattle. 

Insulin-like growth factors (IGFs) are involved in cell growth, proliferation, and 

metabolism (Hyatt et al., 2004). Diets that are high in methionine content have been 

shown to enhance the mammalian target of rapamycin (mTOR) pathway and insulin-like 

growth factor-1 (IGF-I, Zhang, 2018). It was found that calf plasma IGF-I concentrations 

at birth were positively associated with birth weight (Breier et al., 1988). Changes in the 

IGF axis might pose long-term consequences for adult growth and development (Micke 

et al., 2010a). Insulin-like growth factor-1 and IGF-II are commonly associated with 

myoblast proliferation and differentiation in cattle (Micke et al., 2011). Muscle mass 

accretion is dependent on the interaction between IGF-I and it’s receptor IGF-IR 

(Chargé and Rudnick, 2004). 
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In a study conducted by Hyatt et al. (2007b) restriction of maternal energy supply in 

early gestation reduced the hepatic expression of type 2 IGF receptors in offspring that 

were three years of age. Whereas restriction during late gestation increased the hepatic 

expression of IGF-I, but reduced expression of types 1 and 2 IGF receptors in offspring 

after birth (Hyatt et al., 2007a). To further understand IGF’s role in fetal programming, 

Micke et al. (2010a) considered the effects of different protein-rich diets fed at various 

times during pregnancy. Blood plasma from offspring was analyzed for IGF-I, IGF-II, 

and total IGF binding proteins (tIGFBP, Micke et al., 2010a). Male fetuses that were 

exposed to a high-to-low, or low-to-high change in maternal nutrient intake at the end of 

the first trimester had higher plasma IGF-I concentration during the postnatal period 

compared to male offspring that were exposed to a constant maternal nutrient supply 

(Micke et al., 2010a).  

Also, myogenic regulatory factors (MRF) such as myogenic differentiation 1 

(MYOD1) and myogenin (MYOG) are critical transcription factors for myogenesis (Maltin 

et al., 2001). Both genes are involved in the differentiation of myotubes, however, 

MYOD1 is specifically associated with myoblast formation and survival (Paradis et al., 

2017). Nutrient restriction during the last half of gestation showed an increase of 

MYOD1 and MYOG in the longissimus dorsi muscle of fetuses (Paradis et al., 2017), 

this could suggest that myogenesis is increased in fetuses from cows receiving 85% 

metabolizable energy requirements in late gestation. The expression of these genes 
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could be affected by the muscle development of the fetus during gestation (Paradis et 

al., 2017), which could be affected by maternal nutrient status.  

During the fetal stage, mesoderm precursors differentiate into mesenchymal stem 

cells which further develop into preadipocytes and then into adipocytes (Du et al., 

2010). Adipocyte number and size are indicative of fat deposition and mobilization, and 

increased adipogenesis within skeletal muscle of beef cattle improves intramuscular fat 

(Du et al., 2010). Two transcription factors create a self-regulatory loop to induce 

adipocyte differentiation (Du et al., 2010). Peroxisome proliferator activated receptor 

gamma (PPARG) expression is induced through the presence of CCAAT/enhancer 

binding protein (C/EBP), which further encourages the expression of C/EBP (Du et al., 

2010). Elevated expression of PPARG and C/EBP indicates that there is increased 

adipogenesis (Duarte et al., 2014). In addition to these transcription factors, other genes 

that are involved in fat mobilization includes fatty acid-binding protein, acyl-CoA 

synthetase, and fatty acid transport protein-1 (Frohnert et al., 1999). Feeding pregnant 

cows below energy requirements during mid-to-late gestation resulted in increased 

expression of PPARG in fetal longissimus dorsi muscle, which suggests that these 

calves had increased adipogenesis (Paradis et al., 2017). An earlier study by Duarte 

and colleagues (2014) in Brazil found increased PPARG and C/EBP expression in 

longissimus muscle for fetuses from cows fed 1.5 times energy requirements during 

early gestation. Clearly, more research is required to determine how maternal nutrition 

at various stages of gestation impacts fetal adipogenesis. 
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  A study conducted by Hare and colleagues (2018), found that supplemental 

metabolizable protein (MP) during the last eight weeks of gestation could alter beef calf 

gene expression at weaning. During the last eight weeks of gestation, crossbred 

Hereford heifers were fed to meet (100%) or exceed (133%) MP requirements (Hare et 

al., 2018). Muscle samples were collected from heifer calves at d 2 and d 111 relative to 

parturition, these samples were then analyzed for a variety of genes associated with 

fetal programming (Hare et al., 2018). Calves from cows supplemented with MP had 

elevated expression of PPARG, while pyruvate kinase expression was increased for 

calves from heifers that were fed to meet MP requirements at d 111 compared to d 2 

(Hare et al., 2018). It was suggested that elevated PPARG expression in calves from 

MP supplemented dams could be attributed to greater adipogenesis and intramuscular 

fat deposition (Hare et al., 2018). However, calves were not fed until slaughter so future 

impacts on carcass characteristics is unknown (Hare et al., 2018). 

1.3 Maternal Protein Supplementation 

Dietary protein content can be expressed through crude protein (CP), 

metabolizable protein, rumen degradable protein (RDP), and rumen undegradable 

protein (RUP). Previously, CP has been used to present the nitrogen content in 

feedstuffs and diets. However, the MP system is more favourable, as it takes into 

consideration the true protein, which is absorbed and utilized by the animal (NASEM, 

2016). Metabolizable protein considers rumen degradation of dietary protein and 
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microbial crude protein that is digested and absorbed in the small intestine (Figure 2; 

NASEM, 2016).  

 

Figure 2: Protein degradation and absorption in the ruminant.   Abbreviations include: IDP: 
intestinally degradable protein; IUP: intestinally undegradable protein; MCP: microbial crude 
protein; MP: metabolizable protein;  NH3: ammonia; RDP: rumen degradable protein; RUP: rumen 
undegradable protein. 

 

Pregnant beef cows have increased nutrient requirements to support a developing 

fetus, including increased requirements for protein. Supplemental dietary crude protein 

levels in gestating diets have been shown to improve cow performance (Stalker et al., 

2007; Larson et al., 2009) and have subsequent effects on calf offspring (Stalker et al., 

2007; Larson et al., 2009; Shoup et al., 2015; Maresca et al., 2018; Maresca et al., 

2019). Stalker et al. (2007) found that 0.45 kg/d supplementation of a 42% crude protein 

supplement during late gestation improved calf offspring body weight at birth, time of 
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weaning, and at slaughter. In addition, final BW, HCW, and dry matter intake (DMI) 

were improved for offspring from protein supplemented cows (Stalker et al., 2007). 

However, maternal crude protein levels did not affect average daily gain (ADG), feed 

conversion ratios, or carcass characteristic values including marbling, rib eye area, yield 

grade, and fat grade of the offspring (Stalker et al., 2007). Conversely, other studies 

have reported no effect of additional maternal protein on offspring body weight (Larson 

et al., 2009; Shoup et al., 2015; Maresca et al., 2018; Maresca et al., 2019). 

Contradictory results could be due to a multitude of factors, including dietary protein 

sources and duration of supplementation.  

Compared to the study completed by Stalker et al. (2007), Larson and colleagues 

(2009) found conflicting results from their study that considered the effects of crude 

protein supplementation (0.45 kg/d of a 28% CP on a DM basis supplemented 3 times 

per week). Birth body weight was not impacted by maternal dietary protein content, 

however, body weight at the time of weaning was improved for calves from cows that 

were supplemented with protein during late gestation (Larson et al., 2009). This BW 

improvement at weaning was speculated to be attributed by improved milk quality or 

production, although, these were not measured during this study (Larson et al., 2009). 

At the time of entry to the feedlot, and 100 d before slaughter, protein supplemented 

progeny were heavier (Larson et al., 2009). However, ADG, DMI, feed conversion 

ratios, and HCW were similar between steer progeny regardless of maternal treatment 
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(Larson et al., 2009). Contradictory to Stalker et al. (2007), protein supplemented steers 

had improved marbling score and had higher quality grades (Larson et al., 2009).  

To assess the effects of supplying varying levels of maternal crude protein on 

offspring performance, Shoup et al. (2015) supplied pregnant beef cows no, low, or high 

dried distiller’s grains plus solubles-based protein supplementation (0, 2.16, 8.61 

kg/cow/d, respectively) during the last trimester of gestation. Protein levels did not 

impact steer progeny performance including BW, DMI, ADG, and feed conversion ratios 

(Shoup et al., 2015). Carcass quality was also not impacted by maternal nutrition during 

late gestation (Shoup et al., 2015). However, steer carcasses from high protein 

maternal supplementation had higher quality grades compared to carcasses from no 

maternal supplementation, with low protein maternal supplementation carcasses as an 

intermediate (Shoup et al., 2015).  

While ensuring energy requirements for beef cows were met in late gestation, 

Maresca and colleagues (2018; 2019) fed cows low or high crude protein which 

provided 64% or 121% of CP requirements, respectively. Their results were similar to 

Larson et al. (2009) and Shoup et al. (2015) as progeny BW at birth and weaning, as 

well as growth performance was not impacted by dietary protein level (Maresca et al., 

2018; Maresca et al., 2019). However, the longissimus muscle area was greater at the 

end of the finishing phase and before slaughter for steer progeny from cows fed over 

protein requirements in late gestation (Maresca et al., 2019). Although HCW was similar 

between maternal treatments, high protein steer progeny had higher dressing 
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percentage, which was thought to be a result of higher abdominal fat deposition of low 

protein steer progeny (Maresca et al., 2019). When assessing blood metabolites of 

steer progeny, calves from low protein dams were hyperglycemic for the first 60 d of life; 

thereafter, blood metabolites were unaffected by maternal dietary treatment (Maresca et 

al., 2018). This suggested that perhaps calves from low protein cows had altered 

glucose metabolism and a reduced ability to regulate blood glucose levels (Maresca et 

al., 2018).  

After an economic analysis, Stalker and colleagues (2007) determined that beef 

calves sold at weaning were more profitable with maternal protein supplementation, but 

that the greatest return on investment was dependent on retained ownership in the 

feedlot. Similarly, due to a 15% increase in quality grade, beef steer progeny carcasses 

from protein supplemented cows were $47 USD greater compared to steer carcasses 

from cows without supplementation (Larson et al., 2009). This suggests that there could 

be economic benefits for producers to adopt a supplemental protein management 

practice on their farm. However, both studies were conducted at the same facility in 

Nebraska, USA, additional research with more cattle in a variety of environments is 

required to determine if monetary enhancements are maintained.  

Based on available research, the majority of experiments investigating the effects 

of maternal protein levels on offspring performance and growth are focused on crude 

protein levels in gestating diets. However, since metabolizable protein (MP) is 

considered to be an evaluation of true protein requirements (NASEM, 2016), more 
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research must be completed which considers the MP system instead of CP. No 

research investigating MP levels have been completed using beef cattle followed until 

slaughter. As such, more research is required to fully understand the impacts of true 

protein levels on offspring growth and performance throughout life.  

1.4 Maternal Methionine Supplementation  

Methionine is an essential sulfur-containing amino acid and is often considered as 

the first limiting amino acid for beef cattle (Richardson and Hatfield, 1978). This means 

that the utilization of other amino acids are dependent on the availability and abundance 

of methionine.  

Methionine (MET) is an important amino acid (AA) for animal survival. There are 

various ways for methionine to be attained in tissues, including from feed intake, protein 

degradation, as well as through re-methylation from homocysteine (Jacometo et al., 

2017). Methionine is known to play an important role in protein synthesis, provision of 

methyl groups, as well as supplying sulphur through the synthesis of cysteine (Ardalan 

et al., 2010). Methionine is a source of methyl donor S-adenosylmethionine (SAM), 

which is utilized for de novo synthesis of choline (Ardalan et al., 2010). Methyl groups 

that are made available through the synthesis of SAM by the methionine metabolism 

cycle are incorporated in the synthesis of phosphatidylcholine (PC) and DNA 

methylation during gene transcription, as well as many other methylation reactions 

(Jacometo et al., 2017). It is also highly involved in very low-density lipoprotein (VLDL) 

synthesis and has been reported to reduce ketones in blood plasma; it may also 
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increase glucose production, hepatic amino acid oxidation, and increase protein 

synthesis (Ardalan et al., 2010).  

Rumen-Protected Methionine 

Methionine may be commonly included in gestating dairy cattle diets as they have 

increased methionine requirements during this period (Bach et al., 2000). Since 

methionine can be degraded in the rumen of cattle due to the rich microbial 

environment, a rumen-protected (RP) form of methionine is often a common MET 

supplement used. Supplying RP methionine to cattle ensures that the amino acid is 

protected from rumen degradation which allows the essential AA to be available for 

absorption in the small intestine (Ardalan et al., 2010). Improved nitrogen use and 

reduced need for elevated crude protein levels in diets have been shown when 

providing cattle with protected methionine sources with physical coatings of lipid or pH-

sensitive polymers (Clements et al., 2017).  

There are various forms of RP methionine commercially available for use in cattle 

diets. Smartamine®M (Adisseo Inc., Antony, FR) is methionine coated with a specific 

pH-sensitive polymer that protects the amino acid from degradation in the rumen to 

ensure that it is released in the abomasum, absorbed in the small intestine, passes into 

the bloodstream, and can be utilized by the animal. Another RP methionine product is 

Mepron (Evonik Nutrition & Care GmbH), which is a rumen-protected DL-methionine 

product, which has a time-release film coating to protect against microbial degradation 

in the rumen.  
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Jacometo and colleagues (2016) investigated the effects of supplemental 

methionine in late gestation on fetal calf gene expression in the liver. Smartamine®M 

was supplemented to Holstein dairy cows at 0.08% of diet DM/d for the last 21 days of 

pregnancy (Jactometo et al., 2016). Per 10 g of Smartamine®M supplied to the cows, 

they received 6 g of metabolizable methionine (Jacometo et al., 2016). Supplementation 

of Smartamine®M had no effect on calf body weight from birth until weaning; there was 

also no effect on circulating blood metabolites including BHBA, urea, cholesterol, 

albumin, and haptoglobin (Jacometo et al., 2016). However, insulin concentration was 

increased in calves from cows supplemented with rumen-protected methionine 

(Jacometo et al., 2016). It was also found that glucose, glucose-to-insulin ratio, and fatty 

acids-to-insulin ratios were lowered in maternal RP methionine supplemented dairy 

calves at 8 weeks of age (Jacometo et al., 2016). The authors suggested that these 

results indicated higher insulin sensitivity of calves from cows who were supplemented 

with methionine during late gestation (Jacometo et al., 2016). If calves from methionine 

supplemented cows had elevated insulin sensitivity in skeletal muscle tissue, it is 

possible that additional amino acids and energy contributed to increased growth rates 

(Jacometo et al., 2016). Additionally, increased liver mRNA expression of protein kinase 

B (AKT) and insulin receptor (INSR) in calves from methionine supplemented cows 

suggest that they have enhanced ability to uptake glucose from the blood in early life, 

which could be driven by increased insulin sensitivity (Jacometo et al., 2016). However, 

additional research is required to determine underlying mechanisms involved in fetal 
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metabolic changes due to maternal methionine supplementation (Jacometo et al., 

2016).  

Alharthi and colleagues (2018) supplemented 0.09% of diet DM/d Mepron, which 

supplied 6.1 g of metabolizable methionine for absorption to dairy cows during the last 

28 days of gestation. Calf growth performance and blood metabolites were evaluated 

from birth to weaning (Alharthi et al., 2018). Calves from cows supplemented with 

methionine during late gestation continued to weigh more and have increased wither 

and hip heights compared to calves from cows without supplementation (Alharthi et al., 

2018). Also, since daily starter intake was similar between maternal treatments, and 

methionine supplemented calves had greater body weights, their average daily gain for 

the first nine weeks of life was increased (Alharthi et al., 2018). Similar to the blood 

metabolite results at birth, maternal methionine supplementation did not affect blood 

metabolites in the first nine weeks of life (Alharthi et al., 2018). The increase of calf body 

weight at birth suggested that there could be improved in utero nutrient efficiency or 

enhance placental nutrient supply (Alharthi et al., 2018). However, additional research is 

required to determine the exact mechanisms involved.  

Supplementation of Mepron at 0.9 g/kg, which allowed for 6.1 g of methionine 

available for absorption improved dairy cow performance after parturition and increased 

newborn calf body weight (Batistel et al., 2017). Multiparous cows were supplemented 

with methionine for the last 28 days of gestation to assess placental mRNA and protein 

expression of proteins involved in the mTOR pathway (Batistel et al., 2017). Increased 
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supply of methionine in late gestation improved feed intake, and plasma concentrations 

of methionine and insulin of cows (Batistel et al., 2017). In addition, mRNA expression 

of genes involved in glucose transport and the mTOR pathway were upregulated in 

methionine supplemented cows, suggesting that methionine supplementation during 

late gestation improved amino acid transport from maternal to fetal circulation (Batistel 

et al., 2017). Although calf performance was not evaluated past birth, calf birth body 

weight from methionine supplemented cows was increased (Batistel et al., 2017). 

Increased birth body weight could be attributed to an increased maternal dry matter 

intake during late gestation, although other factors such as fetal nutrient efficiency and 

placental transport could attribute to the increased body weight (Alharthi et al., 2018).  

Methionine Hydroxy Analog 

Methionine hydroxy analog (MHA) contains an 88% mixture of mono-, di-, and 

oligomers of 2-hydroxy-4-(methylthio) butanic acid molecules (Shoveller et al., 2010). 

Compared to RP methionine, the main difference is that MHA contains a hydroxy group 

rather than an amino group (Shoveller et al., 2010). Methionine bioavailability in MHAs 

is 57%, while Smartamine®M is 80% bioavailable to cattle (Graulet et al., 2005).  

Clements et al. (2017) supplemented pregnant beef cattle with a pellet that supplied 

10 g of methionine hydroxy analog from 23 d prepartum through 73 d postpartum. 

During this study, researchers evaluated calf performance to determine the average 

daily gain, kept track of morbidity and mortality, as well as completed a weigh-suckle-

weigh (WSW) procedure to determine milk production (Clements et al., 2017). It was 
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found that there was no treatment effect on calf birth body weight, calf weaning BW, calf 

ADG, or calf health status (Clements et al., 2017). However, previous studies that 

supplied MHA to beef cattle during gestation reported that there was improved calf 

weaning BW (Thomas and Lanford, 1978); though, Clements et al. (2017) attributed this 

difference to improved milk components in the 1978 study by Thomas and Lanford.  

In a study by Moriel and colleagues (2020), beef heifers were randomly assigned to 

one of 12 pastures which consisted of no supplementation of sugarcane molasses and 

urea, and supplementation of sugarcane molasses and urea, with or without 105 

g/heifer/wk MHA supplementation (Moriel et al., 2020). The MHA source utilized in this 

study was a granular feed source of L-methionine precursor 2-hydroxy-4-methylthio 

butanic acid (Moriel et al., 2020). The dosage was the highest recommended dose for 

growing beef heifers (15 g/d of MHA) and was 50% greater than the dose used in the 

study completed in 2017 by Clements and colleagues. These researchers managed all 

calves on a common diet after weaning until six months of age (Moriel et al., 2020). 

Although calf ADG was not impacted from birth to weaning by maternal 

supplementation of MHA, ADG was improved after weaning (Moriel et al., 2020). In 

addition, calf DMI, birth BW, and feed conversion ratio were not affected by maternal 

MHA supplementation (Moriel et al., 2020). Overall, maternal supplementation of MHA 

during gestation did not enhance offspring growth, however, more research is required 

to fully understand the mechanisms of methionine supplementation on fetal 

development and growth postnatally (Moriel et al., 2020).  
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1.5 Conclusion  

This review suggests that supplemental crude protein during late gestation can 

have variable effects on calf offspring development throughout life. The available 

research is contradictory with some researchers stating that maternal protein content 

can improve calf body weight throughout life and can enhance carcass characteristics 

including marbling and quality grade. These contradictory results could be due to the 

variety of protein supplements utilized in studies, as well as the duration and timing of 

supplementation. Although there is a considerable amount of research using variable 

crude protein levels in maternal diets, there is a lack of research involving metabolizable 

protein inclusion levels. Additionally, methionine supplementation during late gestation 

can improve calf body weight and body growth from birth to weaning. However, there 

have been no studies that have considered the long-term effects of maternal methionine 

supplementation on progeny development throughout life. Currently, there is a lack of 

research investigating the long-term effects of integrating maternal metabolizable 

protein levels with rumen-protected methionine on steer progeny growth development, 

carcass characteristics, and meat quality. In addition, there are currently no beef 

industry-applied studies with rumen-protected methionine supplementation.  

1.6 Hypothesis  

Steer progeny from cows fed below metabolizable protein requirements during the 

last eight weeks of gestation will have reduced BW and carcass quality grades due to 

reduced fat deposition during fetal development as reported in previous studies. 
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Additionally, supplementation of rumen-protected methionine during late gestation will 

enhance postnatal growth of steer progeny.  

1.7 Objectives  

This study investigates the impacts of maternal nutrition on steer progeny feedlot 

performance, where cows were fed below, at, or above MP requirements (NASEM, 

2016), with(without) supplementation of methionine for the last eight weeks of gestation. 

In addition, a second group of steers was evaluated from cows fed additional rumen-

protected methionine supplementation or none during the last eight weeks of gestation 

in an industry applied setting. Specifically, this study will investigate:  

1) Feedlot performance: body weight, average daily gain, dry matter intake, feed 

efficiency (feed conversion and residual feed intake) 

2) Blood metabolite concentrations at the start of the finishing phase, and before 

slaughter  

3) Carcass and meat quality: hot carcass weight, longissimus muscle area, 

marbling, quality grade, yield grade, body composition based on rib dissection, 

objective assessment of lean colour, intramuscular fat content  
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2 EFFECTS OF MATERNAL METABOLIZABLE PROTEIN 
LEVEL WITH(WITHOUT) SUPPLEMENTATION OF RUMEN-
PROTECTED METHIONINE ON PROGENY 
PERFORMANCE, FEED EFFICIENCY, AND CARCASS 
QUALITY FOR FEEDLOT STEERS  

2.1 Introduction 

The concept of fetal programming occurs as a result of a maternal stressor 

present at specific stages of gestation influencing fetal development in utero, which can 

have long-term implications on offspring growth and development (Du et al., 2010). 

Maternal nutrition in particular during pregnancy plays a key role in ensuring optimal 

pre- and post-partum offspring growth and development (Barker et al., 1993). Providing 

cows with greater amounts of dietary energy and protein during mid-to-late gestation 

has been shown to improve the growth, immunity, and health of beef steer progeny 

(Stalker et al., 2006; Funston et al., 2010; Micke et al., 2010a; Micke et al., 2010b). This 

stage of gestation is critical to offspring development for beef cattle as intramuscular 

adipocytes are generated during this time (Tong et al., 2008) and there is minimal 

increase in the number of muscle fibres after birth (Zhu et al., 2004). If fetal 

programming can be beneficially manipulated, it may provide a management tool for 

producers to use for improving subsequent animal performance, health, and carcass 

traits.  

Supplementation of protein during pregnancy has been extensively researched in 

beef production systems (Stalker et al., 2007; Larson et al., 2009; Shoup et al., 2015; 
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Maresca et al., 2018; Maresca et al., 2019) and dairy (Perry et al., 2002; Micke et al., 

2010b; Micke et al., 2010a). However, the majority of these studies simply supplement 

additional protein, and as a result increase total energy intake relative to diets for cows 

fed diets containing lower amounts of protein. Therefore, additional research using an 

isocaloric approach is needed, as maintaining energy content in the diet allows 

researchers to solely investigate the effects of protein. During pregnancy, cows have 

exponentially increasing nutrient requirements during late gestation to help support the 

developing fetus (Richardson and Hatfield, 1978). While organ and tissue development 

occurs during early gestation (Ford, 1995), the fetus grows exponentially during the last 

third of gestation (Prior and Laster, 1979). Therefore, improved nutrition during this 

period can lead to improved fetal growth and muscle development (Du et al., 2010; Du 

et al., 2015). Protein supplementation during late gestation improved offspring body 

weights (Stalker et al., 2007; Larson et al., 2009) and carcass characteristics including 

marbling (Larson et al., 2009), longissimus muscle area (Maresca et al., 2019), and 

quality grade (Larson et al., 2009; Shoup et al., 2015) for steer progeny. However, other 

studies have reported no impact of protein supplementation on progeny growth 

performance (Shoup et al., 2015; Maresca et al., 2018). Feeding pregnant cows a crude 

protein (CP) supplement increased the net revenue of steer progeny with retained 

ownership through the feedlot due to improved carcass grades (Stalker et al., 2007; 

Larson et al., 2009). However, dietary CP does not accurately reflect N requirements, 

as CP includes degradable and undegradable dietary N. Therefore, since metabolizable 
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protein (MP) includes dietary protein and microbial protein, it more accurately predicts 

the amount of N and amino acids available for absorption (NASEM, 2016). From the 

available research, several studies have investigated the effects of varying levels of 

dietary crude protein in maternal diets on beef progeny growth and feedlot performance 

(Stalker et al., 2007; Larson et al., 2009; Maresca et al., 2019). However, only one study 

has considered the impacts of various levels of metabolizable protein during late 

gestation for beef cattle on cow performance, and calf growth from birth to weaning 

(Hare et al., 2018).  

Methionine, an essential amino acid, is considered the first limiting amino acid for 

beef cattle (Richardson and Hatfield, 1978). Inclusion of methionine in dairy cattle diets 

during gestation improved cow milk production and milk quality (Patton, 2010), and 

increased  fetal growth in utero and in early life for Holstein calves (Alharthi et al., 2018).  

This contrasts another study where maternal methionine supplementation did not affect 

calf development (Clements et al., 2017). However, most of the available research 

investigating methionine supplementation effects on progeny performance has only 

evaluated offspring from birth until weaning and there is limited work on the effects in 

beef cattle.   

Whereas previous work generally indicates a positive response with protein 

supplementation, it is hypothesized that progeny from cows with restricted 

metabolizable protein intake during the last eight weeks of gestation will have reduced 

growth performance in the feedlot and reduced carcass characteristics such as marbling 
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score and quality grade. The overall objectives of this study were to determine the 

effects of maternal metabolizable protein level with(without) rumen-protected 

methionine supplementation during late gestation on steer progeny feedlot 

performance, carcass characteristics, and meat quality. 

2.2 Materials and Methods 

All procedures used in this study were approved by the University of Guelph 

Animal Care Committee (Animal Utilization Protocol No. 3887, 3697) and followed the 

recommendations and guidelines of the Canadian Council on Animal Care (CCAC, 

1993). This study was conducted at the University of Guelph Elora Beef Research 

Centre located in Elora, Ontario.  

2.2.1 Maternal nutritional treatment 

One hundred thirty-eight Angus x Simmental cows were artificially inseminated to 

commercially available bulls of similar genetic merit and housed at the Elora Beef 

Research Centre (EBRC). In a 3 x 2 factorial arrangement of treatments, cows were 

randomly assigned one of three protein treatments feeding to meet 90%, 100%, or 

110% of metabolizable protein (MP) requirements (NASEM, 2016) for cows during late 

gestation, with(without) 9 g/d of rumen-protected methionine (RPM; Smartamine®M, 

Adisseo Inc., Antony, FR; Figure 3). The diets were formulated to be isocaloric through 

the addition of palm fat, and were fed for approximately eight weeks before parturition. 

The ingredient and nutrient composition of maternal diets are presented in Appendix 

Table 1. A complete summary of the pre-partum maternal impacts of these treatments is 
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described in Collins (2019). After birth, cow-calf pairs were included in a post-partum 

cow performance study to also assess differences from pasture or drylot management 

of cow-calf pairs during lactation until weaning (Lawson, 2020). During the lactation 

management study, cow-calf pairs were evenly distributed to paddocks on pasture or 

pens in drylot based on gestational nutritional treatment, parity, and days in lactation 

(Lawson, 2020). In the present study, fifty-five steer progeny (90% MET-, n=14; 90% 

MET+, n=11; 100% MET-, n=7; 100% MET+, n=9; 110% MET-, n=5; 110% MET+, n=9) 

were moved to the EBRC feedlot for the duration of the subsequent study.  

 

Figure 3: Schematic of beef steer progeny from cows fed to meet 90%, 100%, or 110% 
metabolizable protein (MP) requirements with (MET+) or without (MET-) 9 g/d of rumen-protected 
methionine during the last eight weeks of gestation. 

 

2.2.2 Animal management and sample collection  

After weaning, steers were moved to the EBRC feedlot facility, steers (316.3 ± 

36.5 kg initial body weight (BW), ~ 9 months of age) were weighed, blocked by 

bodyweight and randomly assigned to one of six pens, with consideration of maternal 
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dietary treatment. This ensured that maternal dietary treatments were evenly distributed 

amongst pens and that the variability within each pen would be less than the variability 

between pens. Pens were equipped with the Insentec feeding system (Insentec B.V., 

Marknesse, The Netherlands), which allowed for the collection of individual feed intake 

data. The Insentec feeding system utilizes the RFID tag to identify individual animals 

and record intake data by animal, date, and event by weighing the feed bunk before and 

after each feeding event. Feeding data were recorded throughout the study and 

information was stored on the University of Guelph server for later analysis. Before the 

beginning of the study, non-implanted steers had a three-week adaptation period to 

allow animals to be acclimatized to the Insentec feeding system, environment, other 

animals, and research station employees.  

Steers were fed a common corn silage-based grower ration for 29 days (Table 

1). A four phase step-up period was then used between day 30 and day 47 to adjust 

cattle to the finisher ration, increasing the inclusion of high-moisture corn and 

decreasing the amount of forage in the ration. The cattle were then fed a common a 

high-moisture corn-based finisher diet for 147 days (Table 1). Steers had ad libitum 

access to water and feed throughout the study. Diets were fed as a total mixed ration 

(TMR) once daily (0900 h) and contained a commercially available trace mineral 

supplement with Rumensin. From day 83 until the end of the study, the trace mineral 

pre-mix was made into a pellet to better facilitate feeding; this pellet included soybean 

meal, limestone, salt, vitamins, minerals, and Rumensin. Diets were formulated to meet 
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nutrient requirements for growing and finishing beef cattle as outlined by the National 

Research Council (NASEM, 2016). Total mixed ration samples were collected once a 

week throughout the experiment and stored at -20°C until chemical analysis was 

conducted.  

Steer feedlot performance. Throughout the study, each steer had body weight 

measured every 14 days. Initial body weight was taken on two consecutive days (day 0 

and 1) at the beginning of the experiment, and final body weights were taken one day 

before slaughter. Steer body weight measurements were used to calculate average 

daily gain (ADG) for the grower and finisher periods, as well as for the overall study. In 

conjunction with data obtained through the Insentec feeding systems, dry matter intake 

(DMI) and feed conversion ratios for individual animals were determined. Feed to gain 

ratio (F:G) was calculated by dividing DMI by ADG; while the gain to feed ratio (G:F) 

was calculated by dividing ADG by DMI. Individual residual feed intake (RFI) was 

calculated according to Koch et al. (1963). The model was as follows: 

DMI = ß0 + ß1(midBW) + ß2(ADG) + RFI                

where ß0 is the regression intercept, ß1 and ß2 are the coefficients of the multiple linear 

regression of DMI on mid-study BW and on ADG and the residual of the model 

represents the RFI. The r2 observed for this regression was 0.45. The ADG was 

determined by a regression of BW over days on study, with a minimum of 

7 observations per animal. Mid-study BW was calculated by computing the animals’ 
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intercept, plus the ADG multiplied by half of the experimental period. The output model 

for calculating predicted DMI using the coefficients provided by SAS, and then individual 

RFI is as follows:  

 

Predicted DMI = 4.133454655 + 0.007316219(midBW) + 1.875745023(ADG) 

 

RFI = Actual DMI – Predicted DMI   

 

Data were then checked by finding the sum of the RFI values to be close to zero. This 

model assumption was met.  

 Blood collection. Blood samples were collected at the start of the finishing 

phase and three days before slaughter via jugular venipuncture. Plasma samples were 

collected into lithium heparinized tubes (BD Vacutainer®, BD and Company, Franklin 

Lakes, New Jersey, USA) and immediately placed on ice. Serum samples were 

collected into serum separator tubes (BD Vacutainer®, BD and Company, Franklin 

Lakes, New Jersey, USA) and were left out at room temperature to clot for at least 40 

minutes. Blood samples were then centrifuged at 3,000 x g for 20 minutes at 4°C; 

serum and plasma were then pipetted into 5 mL cryogenic tubes and stored at -80°C for 

later analysis.  

Carcass. All cattle were slaughtered following the Canadian Food Inspection 

Agency (CFIA) guidelines at the University of Guelph Meat Laboratory using captive bolt 
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stunning and death exsanguination. The tongue, head, hide, and cannon bones were 

removed from the carcass. Visceral organs were removed for inspection, removed of 

mesentery fat, and weighed. Carcasses were then split, washed, and sent to the chill 

cooler. A trained CFIA Inspector examined the liver, pancreas, kidney, and kidney fat 

before removal for organ weight. Liver abscess scoring was done according to the 2014 

Elanco Liver Check System (Reinhardt and Hubbert, 2015). Visceral organs (liver, 

kidneys, and pancreas) and kidney fat were weighed. Carcasses were graded by a 

certified Canadian Beef Grading Agency grader following criteria and regulations as 

outlined by the Federal Government (Agriculture Canada, 1992). 

2.2.3 Sample analysis  

Feed analysis. Dry matter (DM) was calculated by drying duplicate feed samples 

at 65°C for 96 hours in a conventional forced-air oven (Lage et al., 2012). Feed samples 

were analyzed at A&L Canada Laboratories (London, ON) using AOAC methodology 

(Official Methods of Analysis, 1990). Briefly, crude protein (CP) was measured via 

combustion with a LECO FP628 nitrogen analyzer (AOAC 990.03). Acid detergent fibre 

(ADF) and NDF were measured using an Ankom 200 to conduct the Ankom Method 5 

and Ankom Method 6 analytical procedures respectively (AOAC 973.18, AOAC 

2002.04). Starch was measured using the Megazyme K-TSTA method using heat stable 

amylase and amyloglucosidase (AOAC 996.11). Crude Fat (CF) was measured using 

petroleum ether as a high temperature solvent to extract fat and oil (AOAC 920.39). 

Mineral contents were analyzed via aquaregia digestion, inductively coupled plasma, 
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and atomic emission spectroscopy. Sugar was measured using sulphuric acid/phenol, 

80% ethanol:water, colorimetric method for determination of sugar and related 

substances (Fuller, 2004). Total digestible nutrients and net energy for growth (NEg) 

were calculated according to the Nutrient Requirements of Dairy Cattle and Energy 

Estimating Equations for Ruminants (NASEM, 2016). 

Blood sample analysis. Plasma insulin was analyzed using a commercially 

available ELISA kit following manufacturer’s instructions (Mercodia Bovine Insulin 

ELISA, Mercodia, Uppsala, Sweden). Serum samples were analyzed for a bovine 

metabolic profile at the University of Guelph Animal Health Laboratory (Guelph, ON). 

Albumin, total cholesterol, glucose, and total protein were measured using the Roche 

Cobas c501 biochemistry analyzer (Roche Diagnosis, Laval, QC), and haptoglobin was 

measured using the previously developed methods by Makimura and Suzuki (1982) and 

Skinner et al. (1991). The determination of serum sample values for other metabolites 

included; ALB2: ACN413 for albumin, CHOL2: ACN798 for total cholesterol, GLUC3: 

ACN717 for glucose concentration, TP2: ACN678 for total protein. Using the RX Monza 

analyzer (Randox Laboratories-US, Ltd, Kearneysville, West Virginia) protocols 

RANBUT: D-3-Hydroxybutyrate and NEFA were conducted for BHBA and NEFA 

determination.  

Carcass and meat quality evaluation. A certified carcass evaluator from the 

Canadian Beef Grading Agency assessed each carcass 24-48 h post-mortem. Hot 

carcass weight (HCW), grade fat, longissimus muscle area (LMA), subjective marbling 
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score, and rib section composition were determined as previously described by Mandell 

et al. (1997) and Glanc et al. (2015). Subjective marbling score for each carcass was 

based on a 10-point scale (1 = devoid, 2 = practically devoid, 3= traces, 4 = slight, 5 = 

small, 6 = modest, 7 = moderate, 8 = slightly abundant, 9 = moderately abundant, 10 = 

abundant). Carcasses were assessed for yield grade (YG) on a 5-point scale (YG1 

assigned to carcasses with ≥ 53.3% lean yield; YG2 assigned to carcasses between 

52.3 to 50.0% lean yield; YG3 assigned to carcasses between 50.0 to 47.7% lean yield; 

YG4 assigned to carcasses between 47.7 to 45.4% lean yield; YG5 assigned to 

carcasses ≤ 45.4% lean yield). For rib section composition determination, the 9th to 12th 

rib section from the left side of each carcass was removed and physically separated into 

five components: bone, lean, and fat (subcutaneous, intermuscular, and body cavity; 

Lunt et al., 1985; Mandell et al., 1997; Glanc et al., 2015). Total rib section weight was 

divided by HCW to determine the rib section weight as a percentage of HCW for each 

steer. Each component (bone, lean, subcutaneous fat, intermuscular fat, and body 

cavity fat) were divided by total rib section weight.  

Steaks were used for meat quality analysis as follows: Steak 1 for colour, pH, 

and intramuscular fat composition; Steak 2: Shear force analysis after 7 d of ageing; 

Steak 3: Shear force analysis after 14 d of ageing; Steak 4: Shear force analysis after 

21 d of ageing. An objective assessment of lean colour and pH were determined as 

previously described by Glanc et al. (2015). Steaks were scraped of excess fat and 

allowed to bloom for 30 min. A  Konica Minolta Chroma Meter (Model CR 400; Konica 
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Minolta Sensing Inc., Ramsey, NJ) was used to measure meat colour reflectance (CIE 

L* (brightness), a* (red-green axis), and b* (yellow-blue axis)) at six locations on the 

surface of the steak (Glanc et al., 2015). Colour saturation [Chromaab=(a*2+b*2)0.5] and 

colour descriptor [Hue angleab=arctan(b*|a*)] were calculated for each steak. Using a 

Hanna spear-tipped pH electrode (Hanna Instruments, Mississauga, ON), pH was 

measured at three locations on these steaks (Glanc et al., 2015). In addition, 

intramuscular fat was determined using two-day aged steaks, which were thawed for 24 

h at 4℃, trimmed of external fat, and cubed for freeze-drying. Following freeze-drying, 

samples were ground in a commercial coffee grinder. Dry matter was calculated from 

the difference in weight before and after freeze-drying and corrected by oven drying at 

100C overnight. Intramuscular fat content was determined in these samples using the 

Ankom XT20 Fat Analyzer (Ankom Technology Corp., Fairport, NY) for ether extraction 

of fat (AOAC 2000).  

2.2.4 Statistical analysis  

Data were analyzed using PROC GLIMMIX in SAS (University Edition, Version 9.4 

M6; SAS Institute Inc., Cary, NC) as a 3 x 2 x 2 factorial arrangement with steer as the 

experimental unit and pen as a random effect. The maternal protein content, methionine 

supplementation, and summer management location (pasture or drylot) were used as 

fixed effects. The statistical model was as follows: 

 𝑌𝑖𝑗𝑘𝑙𝑚 = 𝜇 + 𝑃𝑒𝑛𝑖 +  𝑀𝑗 + 𝑃𝑘 + 𝐿𝑙 + 𝑀𝑃𝑗𝑘 + 𝑀𝐿𝑗𝑙 + 𝑃𝐿𝑘𝑙 + 𝑀𝑃𝐿𝑗𝑘𝑙 + 𝑒𝑖𝑗𝑘𝑙𝑚  
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where Peni = effect of the pen allocation; Mj = effect of the jth methionine treatment 

(added methionine or no methionine); Pk = effect of the kth protein level (90%, 100%, or 

110% metabolizable protein content); Ll = effect of the lth summer location (dry lot or 

pasture); MPjk = interaction of the jth methionine treatment with the kth protein level; MLjl 

= interaction of the jth methionine treatment with the lth summer location; PLkl = 

interaction of the kth protein level with the lth summer location; MPLjkl = interaction of the 

jth methionine treatment with the kth protein level, and the lth summer location; eijklm = 

random residual associated with the mth animal in the jth treatment group with the kth 

level of protein and the lth summer location. The means were separated for 

metabolizable protein, methionine, and their interactions using the Tukey-Kramer 

adjustment. Interactions between metabolizable protein, methionine, and summer 

location are presented in the Appendix Tables 2-5. Results were declared significant at 

P ≤ 0.05. 

2.3 Results 

Restricting maternal MP content during late gestation (cows fed at 90% MP) 

improved (P = 0.02) steer weaning weights compared to weaning weights for steers 

from cows fed at 110% MP, with intermediate weaning weights from cows fed at 100% 

MP (Table 2). There were no differences related to maternal MP level (P ≥ 0.05) or 

methionine (P ≥ 0.20) supplementation for initial or final BW and growth performance 

(ADG, DMI, G:F) in the grower and finisher periods and for growth performance (ADG, 
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DMI, G:F) and RFI classification over the entire study. In addition, there were no 

maternal MP level by RPM treatment interactions (P ≥ 0.14) for any steer performance 

and efficiency measure.  

Maternal MP content did not affect the majority of circulating blood metabolites at 

the beginning of the finishing phase (P ≥ 0.08; Table 3), or before slaughter (P ≥ 0.17). 

At the beginning of the finishing phase, serum cholesterol had an interaction between 

maternal MP content and RPM supplementation (P = 0.04). Steers from dams fed at 

90% protein requirements supplemented with RPM had lower blood cholesterol levels 

compared to steers from dams fed 90% protein without RPM (1.93 vs 2.72 mmol/L, 

respectively, P = 0.04). While steers from dams fed 100% MP and 110% MP had similar 

blood cholesterol levels with or without RPM (100% MP: 2.45 vs 2.43 and 110% MP: 

2.07 vs 2.22 mmol/L, respectively). Before slaughter, steers from cows fed at 90% and 

100% MP requirements cows had greater (P = 0.01) serum NEFA levels compared to 

steers from cows fed at 110% MP during late gestation. Otherwise, there were no other 

treatment effects (P > 0.08) on pre-slaughter concentration of circulating metabolites.     

There were no maternal treatment effects (P ≥ 0.26; Table 4) on weights for liver, 

kidney, kidney fat, and pancreas weights on a kg basis or g/kg basis relative to BW or 

HCW. 

While there were no maternal treatment effects (P ≥ 0.09; Table 5) for most 

carcass characteristic and meat quality traits, grade fat was greater (P = 0.04) in steers 
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from cows fed at 90% MP as compared to steers from cows fed at 110% MP. In 

addition, steers from MET+ cows had lower (P ≤ 0.02) 8th to 12th rib weights (kg and 

%HCW basis) than rib weights for steers from cows that were not supplemented with 

methionine.  

In terms of carcass quality, 92.0% of steer carcasses from cows fed 90% MP 

requirements graded as AAA, while 8.0% graded as AA (Table 5). Carcasses of steers 

from the 100% MP treatment group graded as AAA and AA at 75.0% and 25.0%, 

respectively. In the 110% MP treatment, 92.8% of carcasses graded as AAA while the 

remainder graded as AA. When considering RPM supplementation, 82.7% of carcasses 

were graded as AAA, while 17.3% graded as AA; whereas 92.3% of carcasses graded 

as AAA without supplementation of RPM during late gestation, with the remainder 

graded as AA.  

2.4 Discussion 

Maternal nutrition during pregnancy can affect fetal growth and development 

throughout life (Barker et al., 1993), and may have implications for economically 

relevant traits for beef producers. As such, the purpose of this experiment was to 

determine how maternal metabolizable protein level, with(without) methionine 

supplementation during late gestation impacts lifetime productivity and growth of steer 

progeny.  
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Steer offspring performance. Maternal metabolizable protein level during the last 

eight weeks of gestation had minimal effect on steer offspring performance throughout 

the feedlot period. However, weaning body weight for steers from cows fed at 90% MP 

requirements during late gestation were greater than corresponding weights for steers 

from cows fed at 100 and 110% MP requirements. This result suggests improved 

growth rates for steers from cows fed at 90% MP requirements prior to entering the 

feedlot phase. However, these results contradict other studies that reported no impact 

of late gestation maternal protein content on weaning weights for beef calves (Shoup et 

al., 2015; Maresca et al., 2018; Hare et al., 2019) or lambs (Van Emon et al., 2014). 

These contradictory results and early life differences between the previous studies 

could be due to composition of maternal diets, such as protein sources or the amount of 

energy supplied by the diet. In the present study, the amount of soybean meal in the 

diet was manipulated to achieve the dietary differences in metabolizable protein. The 

protein supplements in other studies included sunflower meal, and cottonseed meal 

(Stalker et al., 2007 and Larson et al., 2009, respectively), or soybean hulls (Shoup et 

al., 2015) to exceed CP requirements. Although the above feedstuffs are excellent 

sources of protein, the amount of protein that is available for utilization by the cows 

would be variable depending on the feedstuff and how it was processed (Givens et al., 

2000). 

In addition to varying protein sources, another potential reason for offspring 

performance differences, could be due to maternal energy intake. Houghton  et al. 
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(1990) reported that calves from cows that received high energy intakes during 

gestation maintained a greater body weight compared to calves from cows with low 

energy intake. Energy intake was not measured in studies conducted by Stalker et al. 

(2007), Larson et al. (2009), and Shoup et al. (2015) as those experiments were not 

designed to be isocaloric. However, improved BW for offspring from CP supplemented 

cows (Stalker et al., 2007) could be attributed to associated increased maternal energy 

intake with CP supplementation during late gestation, which may have allowed for more 

energy partitioning towards fetal growth and development. Similar to the present study, 

Maresca and colleagues (2018) also reported no BW changes in steer offspring when 

Angus cows were fed 64% or 121% CP requirements during late gestation. Their 

experimental design was similar to the present study with isocaloric diets while 

manipulating CP levels with sunflower pellet and urea (Maresca et al., 2018). In addition 

to the variability of feedstuffs used in protein supplements, the confounding effect of 

increasing net energy supplied by the addition of supplemental CP to the cow during 

late gestation could be responsible for these discrepancies in the literature on the 

effects of late gestation CP supplementation on offspring BW. 

When considering pasture composition and nutritional values reported, often 

forage diets did not meet nutritional requirements of beef cows in late gestation in 

previous studies (Stalker et al., 2007; Larson et al., 2009; Shoup et al., 2015). Perhaps, 

the provision of a CP supplement during late gestation while beef cows were managed 
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on this low quality pasture ensured that diets were no longer below requirements and 

allowed for proper nutrient partitioning to the fetus during gestation.  

In the present study, supplying 90% MP to cows during late gestation increased 

steer calf BW at entry to the feedlot, but did not impact DMI, ADG, or feed conversion 

ratios. Larson et al. (2009) also found that supplementing dams in late gestation with 

CP increased steer progeny BW at entry to the feedlot bit did not affect feedlot DMI, 

ADG, or G:F. Final BW, ADG, DMI, feed conversion ratios, and RFI were also not 

affected by maternal nutrition in the current study. Similarly, Shoup et al. (2015) found 

no impacts on BW, DMI, ADG, and G:F in the feedlot for steers from cows who received 

a supplement during late gestation which contained 70% DDGS and 30% soybean 

hulls. Similarly, Maresca et al. (2019) found that when maternal dietary energy supply 

was held constant, but diets were either low or high in protein (65% or 121% CP 

requirements, respectively) during late gestation, there was no impact on final BW, 

ADG, DMI, or G:F of steer offspring in the feedlot. However, Stalker et al. (2007) saw an 

increase in DMI in the feedlot for steers from cows supplemented with 0.45 kg of protein 

supplement per day, without changes to ADG or G:F. In the current study, there were 

no differences in feedlot performance between maternal dietary treatments, which is in 

agreement with previous research. This suggests that fetal programming changes from 

late gestation protein supplementation have little impact on feedlot performance or 

efficiency. This is most likely due to the offspring receiving a common diet, which met 

requirements (NASEM 2016) for growing and finishing beef steers. 
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Similar to the current study, maternal methionine supplementation did not affect  

birth to weaning BW, DMI, or G:F for dairy calves (Jacometo et al., 2016), or beef 

calves (Clements et al., 2017; Moriel et al., 2020). Whereas Alharthi et al. (2018) saw 

an increase in dairy calf weight, hip height, wither height, and ADG for calves from cows 

supplemented with RPM which provided  6.1 g of methionine for absorption, while DMI 

and G:F were not impacted from birth to weaning. These inconsistent results could be 

due to variations in methionine source and amount, milk quality or quantity, breed 

differences, as well as differing calf management strategies between beef and dairy 

industries. As the majority of the available studies have found no positive effect on calf 

growth from birth to weaning with maternal methionine supplementation, it is not 

surprising there was no improvement in growth performance post-weaning in the 

present study.  

Blood metabolites. Blood metabolite concentrations can be used to assess the 

metabolic and nutritional status of an animal. All blood metabolic markers were 

unaffected by maternal dietary treatment and fell within an acceptable reference range 

(Agenäs et al., 2006). The majority of blood metabolites for steer offspring at the 

beginning of the finishing period and before slaughter were not affected by maternal 

metabolizable protein level or methionine supplementation. However, plasma 

cholesterol concentration was reduced for steers from cows that were fed at 90% MP 

requirements with methionine supplementation compared to steers from cows fed at 

90% MP requirements without methionine. Total cholesterol concentration in the blood 
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is mainly affected by lipoproteins in the blood and the abundance of lipids mobilized by 

the liver (Bertoni et al., 2008). Supplementation of RPM to dairy cows also decreased 

plasma cholesterol levels (Sun et al., 2016). These authors suggested that methionine 

supplementation may promote the oxidation of NEFA and acetyl-CoA to CO2 and H2O 

which would lower the amount of acetyl-CoA available for cholesterol synthesis, 

resulting in a reduction in plasma cholesterol (Sun et al., 2016). This suggests there 

may be maternal effects on cholesterol metabolism, and further investigation with a 

larger sample size is needed to fully understand this mechanism. In previous studies, 

maternal protein content did not affect circulating blood insulin, glucose, and IGF-1 

concentrations (Shoup et al., 2015; Maresca et al., 2018). In addition, previous studies 

with RPM supplementation also reported no impact on offspring blood biomarkers 

including those associated with energy metabolism and liver function (Jacometo et al., 

2016; Alharthi et al., 2018; Moriel et al., 2020).  

Before slaughter, NEFA levels were elevated for steers born from cows fed at 90% 

and 100% MP requirements, which may be indicative of elevated fat deposition (Alharthi 

et al., 2018), as these animals were also observed to have had significantly higher 

grade fat. Elevated NEFA levels are suggestive of increased lipid mobilization (Webb et 

al., 1969). Alternatively, in rats, protein supplementation during gestation resulted in 

offspring having elevated plasma NEFA levels throughout life (Hallam and Reimer 

2013). Interestingly, plasma NEFA concentrations are positively correlated with 

intramuscular fat composition in beef cattle, where elevated NEFA levels corresponded 
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with a lower unsaturated-to-saturated fat ratio (Watanabe et al., 2015). In utero 

exposure to a high protein diet can have lasting effects on offspring adipose 

development, potentially predisposing offspring to have elevated levels of biomarkers 

associated with adiposity (Hallam and Reimer 2013), which could be reflected in greater 

fat deposition. Therefore, increased NEFA levels and higher grade fat suggests that 

steers from cows fed to 90% and 100% MP requirements had greater fat deposition. It 

would be interesting to investigate which fat was mobilized that contributed to elevated 

plasma NEFA concentrations.   

Organ Weights. Mass of visceral organs including heart, lungs, liver, kidneys, and 

spleen are known to increase with increased DMI for beef feedlot steers and have 

important implications for maintenance requirements and feed efficiency. Greater organ 

weights increase the energy required for maintenance (Wang et al., 2009). In the 

present study, no differences were observed in organ weight on a kg basis or g/kg basis 

relative to BW or HCW. Since steers were fed a common diet, and DMI was similar 

between all steers, it was not unexpected that organ weights of liver and kidneys 

remained unchanged. However, maternal nutrition during early to mid-gestation has 

influenced organ development in the fetus (Meyer et al., 2010). These authors found 

that in early gestation, maternal dietary restriction of energy and MP reduced fetal 

omasum weight and increased fetal reticulum weight while maintaining liver and 

pancreas weights as well as fetal BW (Meyer et al., 2010). In fetal lambs, liver, 

pancreas, and small intestine mass were reduced in nutrient restricted ewes in mid to 
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late gestation (Reed et al., 2007). In this study, nutritional manipulation was applied 

after key periods of major fetal organ development (Du et al., 2010), it is not surprising 

that no differences were observed in the present study. However, limited previous 

research has considered late gestational protein supplementation on progeny organ 

weights; therefore, larger serial slaughter studies that observe differences at birth are 

warranted.   

 Carcass characteristics. In the present study, steer progeny grade fat and lean 

yield were affected by the maternal nutrition. Cows fed at 90% MP requirements during 

late gestation while maintaining energy requirements produced steers that deposited 

more subcutaneous fat than steers from cows fed at 110% MP requirements. Fat is 

accumulated through the deposition of adipocytes, which start to form in mid gestation 

for ruminants (Du et al., 2010).   

These results support the Barker hypothesis of developmental programming, as 

maternal undernutrition during gestation alters fetal adipose tissue (Hales and Barker, 

2001). With nutrient restriction during late gestation, followed by diets that 

met/exceeded nutritional requirements post-partum, a metabolic mismatch was created. 

With this mismatch between fetal and postnatal environments, offspring will be more 

susceptible to metabolic changes, such as altered fat deposition later in life (Godfrey et 

al., 2007). Fat deposition and mobilization is determined based on the number and size 

of adipocytes (Du et al., 2010). Adipocyte differentiation is initiated by 

CAATT/enhancing binding protein (C/EBP) which creates a self-regulatory loop with 
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PPARG, as elevated expression of both transcription factors increases the expression 

of the other (Du et al., 2010). Work by Paradis and colleagues (2017) reported 

increased expression of PPARG in longissimus dorsi samples in fetal calves from cows 

with 85% nutrient restriction during mid-to-late gestation. This indicated that fetuses 

from cows fed above energy requirements during mid-to-late gestation did not have 

improved adipogenesis (Paradis et al., 2017).  

Conversely, Hare et al. (2018) reported increased expression of PPARG in 

longissimus lumborum samples for fetal heifer calves from beef cows fed 33% above 

MP requirements during late gestation. This is in agreement with research conducted by 

Duarte and colleagues (2014) that found that longissimus muscle samples from fetuses 

of cows fed over requirements during early gestation had elevated expression of C/EBP 

and PPARG, suggesting that timing of nutritional interference can influence fetal 

programming outcome. For ruminants, adipogenesis is initiated in mid gestation, which 

overlaps with secondary myogenesis (Du et al., 2010). Perhaps, increasing maternal 

nutrition starting at mid gestation would further enhance the number of mesenchymal 

stem cells to differentiate into adipocytes. With increased back fat across the 

longissimus muscle, this could be indicative of increased adipogenesis. If adipogenesis 

can be optimized in steers, carcass value could increase for producers. To evaluate if 

adipogenesis is improved in steer progeny from cows fed 90% MP requirements, follow-

up work investigating if mRNA abundance of PPARG and C/EBP would be beneficial to 

determine if these changes are a result of epigenetic changes to these genes. However, 
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although carcass grade fat was improved for steers from 90% MP dams, fat quantity 

from the rib dissection was not affected by maternal diet. As such, more research with a 

larger number of animals is needed to determine if progeny fat is impacted by maternal 

protein content.  

Other carcass characteristics including rib eye area and marbling score, as well 

as meat quality measurements including colour saturation and colour descriptor were 

unaffected by maternal diet. This is similar to other studies that have reported minimal 

impact of maternal protein content on steer progeny carcass characteristics (Stalker et 

al., 2007; Larson et al., 2009; Shoup et al., 2015; Maresca et al., 2019). However, 

Maresca and colleagues (2019) supplied pregnant Angus cows with diets below (64%) 

or above (121%) CP requirements, while maintaining energy requirements during late 

gestation; steer offspring were supplied a commercial feedlot diet and were not 

implanted. While hot carcass weight, 12th rib fat, and marbling score were unaffected by 

maternal CP level, steers from cows fed below CP requirements had a lower dressing 

percentage and a lower lean yield (Maresca et al., 2019), suggesting these carcasses 

were fatter. Other studies have found limited impacts of protein supplementation for the 

dams on HCW, yield, grade, rib eye area, marbling, or back fat characteristics of their 

progeny. Steer carcasses from cows fed high protein diets had higher quality grades, 

compared to progeny from cows fed low or no protein supplementation during late 

gestation (Shoup et al., 2015). Improved marbling and quality grades have also been 

reported in steers from cows provided CP supplementation during late gestation (Larson 



 

 

 

50 

 

et al., 2009). While steers were fed a common diet after weaning, they were also 

implanted at the beginning of the growing phase and 100 d before slaughter (Larson et 

al., 2009). Maternal protein level had no effect on carcass composition calculations 

based on the dissection between the 9th to 12th rib, which is similar to Maresca et al. 

(2019). Given the length of time between maternal dietary intervention and a finished 

steer, there may be a variety of differences in steer management, diet, etc. which may 

also influence carcass results; drastic differences in experimental conditions across 

studies can make it difficult to compare results in the literature.  

2.5  Conclusion 

The results of this study indicate that maternal protein content can impact progeny 

development throughout life. Feeding pregnant cows below metabolizable protein 

requirements during the last eight weeks of gestation improved body weight gain of 

steer progeny prior to entering the feedlot, and grade fat, which is consistent with the 

Barker hypothesis of fetal programming. However, rib dissection data which quantified 

the amount of fat within the ribs was not impacted by maternal MP level. Maternal 

methionine supplementation had minimal effect on performance traits measured on 

progeny until slaughter, but did reduce overall rib section weight. This work suggests 

that economically relevant traits can be influenced by late gestation protein nutrition.  

However, additional research is required to determine the underlying mechanisms 

of how maternal nutrition during gestation impacts growth, development, and carcass 
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quality of progeny. For example, it would be interesting to investigate the effects of 

maternal nutrition on offspring metabolism in early life and to investigate if offspring 

metabolism is consistent throughout life. Future research should also explore adipose 

tissue mobilization since elevated NEFA levels and grade fat depth are indicative of fat 

deposition. This could be done by investigating genes such as PPARG and C/EBP. 

Nevertheless, this is a critical area of agricultural research to understand how maternal 

nutrition can improve progeny productivity throughout life. 
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2.6 Tables 

 

Table 1: Ingredient and chemical composition of diets, fed to all steers once a day 

Ingredient Composition (% DM)  Grower1 Finisher2 

Alfalfa haylage  26.0 12.0 
Corn silage  55.8 - 
Soybean meal  15.0 8.0 
High-moisture corn  - 75.8 
Limestone - 1.0 
Salt 0.2 0.2 
Vitamin/Mineral premix + rumensin3 3.0 3.0 
   
Chemical Composition4    

DM, %  42.3 67.9 
CP, % DM 12.5 13.7 
NDF, % DM 37.2 14.8 
ADF, % DM 24.2 8.7 
NEg, Mcal/kg DM5 1.02 1.38 
NEm, Mcal/kg DM5 1.74 2.09 

DM = dry matter; CP = crude protein; ADF = acid detergent fibre; NDF = 
neutral detergent fibre; Neg; net energy for gain 
1Grower ration fed from day 1-29. 
2Finisher ration fed from day 48-194. 
3Per Kg: 41.3% corn chop, 41.3% wheat shorts, 7.7% monocalcium 
phosphate,5.5% fine salt, 1.5% limestone calcium carbonate, 0.9% 
Floradale Feed Mill ruminant micro premix, 0.8% vitamin E, 0.4% 
magnesium oxide, 0.3% sulphur, 0.2% Rumensin. 
4Average of weekly diet samples. 
5Calculated according to Weiss et al., (1992) and NASEM (2016). 

 

 

 



 

 

 

53 

 

Table 2: The effect of maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) with(without) 9 g/d rumen-protected 
methionine during the last 8 weeks of gestation on steer offspring growth performance 

  Maternal Treatment1         

  Metabolizable Protein Level (MP)   Methionine (MET)   P-value 

Item 
90% MP 

n=25 
100% MP 

n=16 
110% MP 

n=14 SEM2   
MET- 
n=26 

MET+ 
n=29 SEM2   MP MET MP*MET 

Birth BW, kg 39 40 42 1.8  40 41 1.4  0.45 0.76 0.80 
Weaning BW, kg 260a 251ab 245b 12.4  252 252 12.1  0.02 0.93 0.14 
Grower period                         
Initial BW, kg 329 316 312 13.5  320 318 13.1  0.06 0.67 0.62 
Final grower BW, kg 377 365 359 14.3   368 366 13.8   0.07 0.71 0.40 
Days on feed, d 29 29 29 -   29 29 -   - - - 
ADG, kg/d 1.66 1.69 1.62 0.076   1.65 1.66 0.062   0.71 0.98 0.23 
DMI, kg/d 10.2 10.2 9.7 0.44   10.3 9.8 0.36   0.62 0.23 0.26 
G:F 0.165 0.167 0.166 0.0075   0.162 0.171 0.0060   0.97 0.20 0.35 
F:G 6.28 6.06 6.06 0.287   6.29 5.98 0.228   0.73 0.28 0.37 
Finisher period                          
Final BW, kg 640 634 631 11.2   635 635 10.2   0.61 0.99 0.25 
Days on feed, d 126 125 125 5   125 126 5   0.93 0.75 0.73 
ADG, kg/d 1.92 1.98 2.01 0.075   1.97 1.97 0.059   0.61 0.96 0.97 
DMI, kg/d 11.4 11.7 11.7 0.30   11.6 11.7 0.24   0.66 0.81 0.63 
G:F 0.166 0.168 0.170 0.0053   0.170 0.167 0.0043   0.80 0.61 0.78 
F:G 6.05 5.96 5.92 0.198   5.93 6.02 0.162   0.83 0.63 0.62 
Overall Experiment                          
Days on feed, d 173 172 172 5   172 173 5   0.93 0.75 0.73 
ADG, kg/d 1.87 1.90 1.93 0.061   1.90 1.90 0.048   0.76 0.95 0.94 
DMI, kg/d 11.1 11.3 11.2 0.28   11.2 11.2 0.22   0.83 0.97 0.55 
G:F 0.169 0.169 0.173 0.0047   0.170 0.170 0.0037   0.77 0.96 0.85 
F:G 5.96 5.93 5.82 0.169   5.90 5.90 0.112   0.80 0.99 0.92 
RFI -0.065 0.092 -0.128 0.2054   -0.078 0.011 0.1607   0.70 0.67 0.79 
Ranked RFI3 26.7 29.5 25.6 4.9  26.0 28.5 3.8  0.82 0.64 0.72 

ADG = Average Daily Gain; BW = body weight; DMI = dry matter intake; F:G = feed to gain conversion; G:F = gain to feed conversion; HCW = hot 
carcass weight; MET = rumen-protected methionine; MP = metabolizable protein; RFI = residual feed intake.  
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Weaning location data can be found in the appendix; Appendix Table 2. 
2Largest SEM reported. 
3Ranked RFI: animals were ranked from 1 (lowest RFI, most efficient animal) to 56 (highest RFI, least efficient animal) based on their calculated RFI                                         
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Table 3: The effect of maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) with(without) 9 g/d rumen-protected 
methionine during the last 8 weeks of gestation on steer offspring circulating blood metabolites at the start of the finishing phase and before 
slaughter 

  Maternal Treatment1         

  Metabolizable Protein (MP) Level   Methionine (MET)   P-value3 

Item 
90% MP 

n=25 
100% MP 

n=16 
110% MP 

n=14 SEM2   
MET- 
n=26 

MET+ 
n=29 SEM2   MP MET MP*MET 

Start of finishing phase                          
BHBA, µmol/L  105 151 121 52.1   125 126 50.1   0.25 0.95 0.89 
Cholesterol, mmol/L 2.32 2.44 2.15 0.164   2.41 2.19 0.131   0.42 0.20 0.04 
Glucose, mmol/L 5.35 5.49 5.48 0.111   5.40 5.48 0.089   0.49 0.48 0.67 
Haptoglobin, g/L 0.154 0.166 0.197 0.0769   0.186 0.159 0.0647   0.88 0.71 0.22 
Insulin, µg/L 2.93 4.11 2.17 0.846   3.69 2.45 0.661   0.23 0.16 0.22 
NEFA, mmol/L 0.075 0.076 0.073 0.0073   0.077 0.073 0.0058   0.96 0.61 0.46 
Total protein, g/L 67.8 67.2 67.5 0.91   67.3 67.7 0.74   0.84 0.72 0.36 
Albumin, g/L 35.76 35.51 34.84 0.658   35.36 35.39 0.593   0.29 0.95 0.82 
Globulin, g/L 32.00 31.69 32.79 0.109   32.01 32.31 0.969   0.60 0.72 0.37 
AG ratio  1.13 1.13 1.08 0.051   1.12 1.11 0.047   0.31 0.64 0.32 
Urea, mmol/L 2.28 2.12 1.96 0.112   2.14 2.10 0.090   0.08 0.75 0.79 
                          
Before slaughter                         
BHBA, µmol/L  136 142 147 9.0   148 136 7.0   0.61 0.21 0.88 
Cholesterol, mmol/L 3.22 2.99 2.77 0.196   2.94 3.05 0.154   0.17 0.57 0.08 
Glucose, mmol/L 4.77 4.60 4.73 0.207   4.65 4.75 0.162   0.77 0.65 0.34 
Haptoglobin, g/L 0.143 0.136 0.134 0.0146   0.138 0.137 0.0114   0.86 0.95 0.95 
Insulin, µg/L 1.58 1.71 0.94 0.425   1.39 1.43 0.346   0.31 0.93 0.36 
NEFA, mmol/L 0.337a 0.388a 0.218b 0.0405   0.308 0.320 0.0337   0.01 0.75 0.71 
Total protein, g/L 73.9 73.0 73.1 1.06   73.7 73.0 0.83   0.75 0.56 0.66 
Albumin, g/L 39.18 39.37 39.53 0.557   39.14 39.58 0.437   0.88 0.44 0.51 
Globulin, g/L 34.72 33.68 33.62 1.187   34.55 33.46 0.928   0.67 0.38 0.95 
AG ratio  1.15 1.18 1.18 0.048   1.15 1.19 0.038   0.68 0.36 0.96 
Urea, mmol/L 5.28 5.41 5.75 0.274   5.61 5.35 0.243   0.19 0.21 0.50 

A:G = albumin to globulin ratio; BHBA = β-hydroxybutyrate; MET = rumen-protected methionine; MP = metabolizable protein; NEFA = non-esterified fatty 
acids. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Weaning location data can be found in the appendix; Appendix Table 3. 
2Largest SEM reported. 
3Protein*Methionine interaction for cholesterol. With steers from dams fed at 90% protein requirements supplemented with methionine having lower 
blood cholesterol levels compared to steers from dams fed 90% protein without methionine (1.93 vs 2.72 mmol/L, respectively). 
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Table 4: The effect of maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) with(without) 9 g/d rumen-protected 
methionine during the last 8 weeks of gestation on steer offspring organ weights (actual, relative to BW, and HCW) and kidney fat (actual, 
relative to BW, and HCW) 

  Maternal Treatment1         

  Metabolizable Protein (MP) Level   Methionine (MET)   P-value 

Item 
90% MP 

n=25 
100% MP 

n=16 
110% MP 

n=14 SEM2   
MET- 
n=26 

MET+ 
n=29 SEM2   MP MET MP*MET 

Liver                          
   Actual, kg 7.2 7.4 7.1 0.25   7.2 7.3 0.10   0.53 0.82 0.18 
   Relative to BW, g/kg 11.3 11.8 11.2 0.36   11.4 11.5 0.28   0.41 0.82 0.22 
   Relative to HCW, g/kg 20.6 21.4 20.4 0.70   20.8 20.9 0.54   0.53 0.91 0.20 
Kidneys                         
   Actual, kg 1.1 1.1 1.1 0.03   1.1 1.1 0.02   0.91 0.32 0.39 
   Relative to BW, g/kg 1.8 1.8 1.8 0.05   1.8 1.8 0.04   0.82 0.28 0.21 
   Relative to HCW, g/kg 3.2 3.2 3.3 0.09   3.2 3.3 0.07   0.80 0.35 0.36 
Kidney fat                         
   Actual, kg 13.7 12.7 12.4 0.68   13.1 12.7 0.52   0.26 0.55 0.97 
   Relative to BW, g/kg 21.5 20.1 19.8 1.06   20.9 20.1 0.83   0.38 0.49 0.81 
   Relative to HCW, g/kg 39.2 36.6 36.3 2.10   38.0 36.6 1.64   0.43 0.52 0.92 
Pancreas                         
   Actual, kg 0.5 0.5 0.5 0.03   0.5 0.5 0.03   0.68 0.88 0.75 
   Relative to BW, g/kg 0.9 0.8 0.8 0.05   0.8 0.8 0.04   0.79 0.81 0.56 
   Relative to HCW, g/kg 1.6 1.5 1.5 0.03   1.5 1.5 0.07   0.79 0.86 0.66 

BW = body weight; HCW = hot carcass weight; MET = rumen-protected methionine; MP = metabolizable protein. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Weaning location data can be found in the appendix; Appendix Table 4. 
2Largest SEM reported.   
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Table 5: The effect of maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) with(without) 9 g/d rumen-protected 
methionine during the last 8 weeks of gestation on steer offspring carcass characteristics  

  Maternal Treatment1         

    Metabolizable Protein (MP) Level   Methionine (MET)   P-value 

Item   
90% MP 

n=25 
100% MP 

n=16 
110% MP 

n=14 SEM2   
MET- 
n=26 

MET+ 
n=29 SEM2   MP MET MP*MET 

Carcass characteristics                            
HCW, kg   349 348 345 5.0   346 349 4.1   0.81 0.48 0.74 
Grade fat, mm    15.5a 14.7ab 11.8b 1.12   13.7 14.3 0.87   0.04 0.60 0.27 
Rib Eye Area, cm2   82.2 87.1 87.7 3.64   87.6 83.7 2.94   0.34 0.28 0.64 
Marbling score3   5.6 5.6 5.6 0.08   5.6 5.6 0.06   1.00 0.50 0.97 
Lean colour4   4 4 4 -   4 4 -   - - - 
Fat colour5   4 4 4 -   4 4 -   - - - 
CBGA Quality grade6   2.9 2.8 2.9 0.10   2.9 2.8 0.08   0.31 0.28 0.77 
   AA   2 4 1 -   2 5 -   - - - 
   AAA    23 12 13 -   24 24 -   - - - 
Lean yield   49.5 49.4 50.6 0.36   50.0 49.7 0.28   0.04 0.36 0.19 
Rib dissection7                           
Rib sample weight, kg   4.5 4.5 4.4 0.11   4.6a 4.4b 0.10   0.60 0.02 0.80 
Rib sample weight, % HCW   1.3 1.3 1.3 0.03   1.3a 1.2b 0.02   0.62 0.01 0.58 
Lean, % of rib weight   47.3 48.5 49.6 1.03   48.2 48.8 0.83   0.19 0.54 0.58 
Bone, % of rib weight   17.8 18.3 17.2 0.67   17.9 17.6 0.52   0.51 0.70 0.31 
Body cavity fat, % of rib weight   5.8 5.4 6.2 0.38   5.7 5.9 0.30   0.34 0.57 0.89 
Subcutaneous fat, % of rib weight   13.1 12.3 11.1 0.68   12.4 12.0 0.54   0.06 0.63 0.80 
Intermuscular fat, % of rib weight   15.1 14.7 14.7 0.70   15.1 14.5 0.58   0.80 0.33 0.19 
Meat quality                           
Intramuscular fat, %    6.8 6.6 6.5 0.54   6.6 6.7 0.42   0.86 0.85 0.72 
pH    5.7 5.6 5.6 0.03   5.6 5.6 0.03   0.36 0.32 0.61 
L*   38.9 39.9 40.0 0.51   39.7 39.5 0.42   0.09 0.70 0.10 
Chroma8   19.2 18.8 18.6 0.35   19.1 18.6 0.27   0.33 0.15 0.90 
Hue angle9   23.1 22.9 23.7 0.49   23.6 22.8 38.13   0.44 0.11 0.42 

HCW = hot carcass weight; MET = rumen-protected methionine; MP = metabolizable protein. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Weaning location data can be found in the appendix; Table 5. 
2Largest SEM reported. 
3Longissimus muscle scored subjectively for marbling using a 10-point scale (10 = devoid of marbling to 1 = abundant marbling). 
4Longissimus muscle scored subjectively for lean colour using a 5-point scale (1 = very dark red to 5 = very light red). 
5Carcass fat scored subjectively for fat colour using a 5-point scale (1 = bright yellow to 5 = white). 
6Quality grade data were coded before statistical analysis was conducted as follows: A = 1, AA = 2, AAA = 3. 
7Rib section removed between the 9th to 12th ribs. 
7Chromaab = (a*2 + b*2)0.5. 
8Hue angleab = arctan(b*/a*)*(180/PI).  
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3 EFFECTS OF MATERNAL RUMEN-PROTECTED 
METHIONINE SUPPLEMENTATION DURING LATE 
GESTATION ON PROGENY PERFORMANCE, FEED 
EFFICIENCY, AND CARCASS QUALITY OF FEEDLOT 
STEERS IN AN APPLIED INDUSTRY SETTING 

 

3.1 Introduction 

The fetal programming hypothesis is that environmental stimuli such as nutrition, 

stress, or negative health events experienced by a mother during critical points during 

gestation can impact fetal development as well as postnatal growth and physiology of 

offspring (Barker et al., 1993). Effects of fetal programming have been shown to 

influence health, immunity, growth potential, carcass yield, and carcass quality for beef 

steers (Funston et al., 2010; Stalker et al., 2007). However, much of the published work 

has originated from tightly controlled experimental conditions and may not accurately 

reflect on-farm conditions or management. 

To support the cow and her fetus, maternal nutrition during late gestation is 

extremely important as pregnant beef cows have elevated nutrient requirements to 

support the growing conceptus. The amino acid, methionine is commonly considered a 

limiting amino acid for beef cattle (Richardson and Hatfield, 1978), meaning that when 

the supply of this amino acid is limited, the utilization of other amino acids is restricted. 

In addition to improved milk production in Holsteins (Bach et al., 2000), researchers 

have investigated the effects of maternal methionine supplementation during gestation 

on fetal and calf growth and development in dairy (Jacometo et al., 2016; Batistel et al., 
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2017; Alharthi et al., 2018) and beef (Clements et al., 2017; Moriel et al., 2020) 

production systems. Maternal rumen-protected methionine (RPM) supplementation has 

been found to enhance fetal growth in utero and growth during the pre-weaning and 

early post-weaning phases of Holstein dairy calves (Alharthi et al., 2018). However, 

other studies have shown no impact of maternal methionine supplementation on dairy 

calf growth from birth to weaning, and have suggested that improved growth in other 

studies is a result of elevated milk composition (Clements et al., 2017).  

Little is known on how maternal supplementation of methionine during gestation 

influences calf progeny growth development past weaning in beef cattle. The majority of 

fetal programming experiments involving cattle are research-intensive and few studies 

have investigated these effects in an applied beef industry setting. It was hypothesized 

that maternal supplementation of methionine would enhance postnatal steer calf growth. 

As such, the objectives of this experiment were to assess how maternal 

supplementation of rumen-protected methionine in an industry applied setting affects 

steer calf growth and development from weaning until slaughter by evaluating growth 

performance, carcass characteristics, and meat quality of steers. 

3.2 Materials and Methods 

All procedures used in this study were approved by the University of Guelph 

Animal Care Committee (Animal Utilization Protocol No. 3887, 4009) and followed the 

recommendations and guidelines of the Canadian Council on Animal Care (CCAC, 

1993). This study was conducted at the University of Guelph New Liskeard Research 

Station (NLARS), and EBRC located in Elora, Ontario.  
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3.2.1 Maternal nutritional treatment 

Sixty-seven Angus crossbred cows from the NLARS herd were artificially 

inseminated to commercially available bulls of similar genetic merit. Cows were 

randomly assigned to control (CON) or rumen-protected methionine (MET; 

Smartamine®M, Adisseo Inc., Antony, FR) treatments. Cows were housed in a group in 

drylot pens and had ad libitum access to water and hay from a round bale feeder. Cows 

were fed a supplement once daily in a bunk for the last eight weeks of gestation where 

they received either 0.75 kg/head/day of supplement pellet supplying 12 g of rumen-

protected MET/cow/day, or an identical pellet with no added MET. After birth cow/calf 

pairs were managed as a group on a pasture management system for the summer. 

After weaning, 34 steer progeny (CON, n=16; MET, n=18) were transported to the 

EBRC feedlot facility to complete the study.  

3.2.2 Animal management  

Once in the EBRC feedlot, steers (347.8 ± 35.4 kg initial body weight (BW), ~ 9 

months of age) were blocked by weight and randomly assigned to one of six pens, with 

consideration of maternal dietary treatment. The same experimental protocols and 

sample analysis as outlined in section 2.2.2 and 2.2.3 respectively were applied in this 

study. 

Individual RFI was calculated utilizing the same model as outlined in section 2.2.3. 

The r2 observed for this regression was 0.88, and the output model provided by SAS for 

calculating predicted DMI was as follows: 
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PredictedDMI = -0.775494954 + 0.018047274(midBW) + 1.881048445(ADG)  

3.2.3 Statistical analysis  

Data were analyzed using PROC GLIMMIX in SAS (University Edition, Version 9.4 

M6; SAS Institute Inc., Cary, NC). Data were analyzed using Randomized Complete 

Block as the experimental design with pen as the block, steer as experimental unit, and 

maternal methionine treatment as fixed effect. Calf birth date was used as a covariate to 

account for different calf ages at time of weaning. The statistical model was as follows: 

𝑌𝑖𝑗𝑘 =  𝜇 + 𝑃𝑒𝑛𝑖 + 𝑀𝑗 +  𝑒𝑖𝑗𝑘 

where Mj = effect of the jth maternal methionine treatment (added methionine or no 

methionine); Peni = effect of the pen allocation, eijk = random residual associated with 

the kth animal in the jth treatment group. Results were declared significant at P ≤ 0.05. 

3.3 Results 

Steers born from MET supplemented dams were significantly heavier throughout 

the experiment (P ≤ 0.02; Table 6). Steer ADG, gain to feed, and residual feed intake 

was not different (P ≥ 0.14) between CON and MET groups at any time in the 

experiment (Table 7). However, there were differences observed for DMI for the overall 

experiment (P = 0.04) and the finisher period (P = 0.02), with steers born from 

methionine supplemented cows consumed more feed while on study.  

Blood serum and plasma samples at the start of the finishing period, and three to 

four days before slaughter were analyzed. There were no differences (P ≥ 0.22) found 
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between CON and MET steer offspring at the start of the finisher period or before 

slaughter for BHBA, cholesterol, glucose, haptoglobin, insulin, NEFA, total protein, 

albumin, globulin, AG ratio, or urea concentrations in the blood (Table 7).  

Liver, kidney, kidney fat, and pancreas weight did not differ (P ≥ 0.06) between 

CON and MET steer progeny (Table 8). Ratios of liver, kidney, kidney fat and pancreas 

weight to hot carcass or body weight also did not differ (P ≥ 0.11) between treatment 

progeny.  

Carcass characteristics including HCW, grade fat, rib eye area, marbling score, 

quality grade, and lean yield did not differ (P ≥ 0.06) between CON and MET progeny 

(Table 9). Rib dissection weight, as well as lean, bone, and fat as a percentage of rib 

weight did not differ (P ≥ 0.08) between treatments. Meat quality parameters including 

intramuscular fat, pH, colour saturation (chroma), and colour descriptor (hue angle) also 

did not differ (P ≥ 0.31) between treatments.  

For carcass quality grades, 91.18% of all carcasses graded as AAA while 8.82% 

of carcasses graded as AA (Table 9). When considering maternal treatments 

separately, 93.7% of carcasses from CON and 88.9% of carcasses from MET 

treatments graded as AAA, with the remainder of the carcasses for each treatment 

grading as AA.  

3.4 Discussion 

The objectives for this experiment were to examine the effects of supplementation 

of rumen-protected methionine to cows during late-gestation in an applied beef industry 
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setting on steer progeny growth performance, feed intake, feed efficiency, blood 

metabolites, organ weights, carcass characteristics, and meat quality.  

Steer offspring from MET cows were consistently heavier compared to steers from 

CON cows. It is not surprising that MET steers continued to have heavier BW as their 

BW at weaning was also significantly heavier. Unlike the present study, the majority of 

studies investigating maternal methionine intake on calf performance, only assess 

calves from birth until time of weaning for dairy calves at 42 d of age (Jacometo et al., 

2016) and beef calves at 192 d of age (Clements et al., 2017). There was no difference 

in calf BW from birth to weaning when Holstein cattle were supplied Smartamine®M 

(Jacometo et al., 2016), or Angus cattle were supplied MHA (Clements et al., 2017; 

Moriel et al., 2020). However, a recent study by Alharthi et al. (2018) found that calves 

from Holstein cows supplemented with 10 g/d of RPM (Mepron) during the last 28 d of 

gestation had greater BW at 56 d of age at weaning, which is similar to results reported 

by Batistel et al. (2017). Furthermore, RPM supplementation (6.3 g/d; Met-Plus) for the 

last 41 d of gestation tended to increase lamb birth BW (Liu et al., 2016). These studies 

and the majority of available studies investigating maternal methionine supplementation 

only evaluated birth weight differences or progeny performance until weaning in dairy 

(Jacometo et al., 2016; Jacometo et al., 2017; Alharthi et al., 2018), beef (Clements et 

al., 2017), and sheep (Liu et al., 2016). It is important to keep in mind that performance 

variations could also be due to sources of RPM, as every source is not completely 

bioavailable to ruminants. For example, methionine bioavailability of Smartamine®M is 

80%, whereas the bioavailability of MHA is 48%, which corresponds to 71% of the 

bioavailability of Smartamine®M (Graulet et al., 2005).  
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Since methionine supplementation has been shown to increase DMI for cattle 

(Batistel et al., 2017), an increase in maternal daily DMI during late gestation could also 

partially explain greater calf BW (Alharthi et al., 2018). Unfortunately, maternal daily 

DMI was unable to be determined in this experiment as the cows were housed in a 

group and had ad libitum access to hay from a round-bale feeder. Further research 

separating the effects of RPM supplementation on feed intake and associated increase 

in nutrient intake on fetal development are warranted. These results differ from the 

research-intensive study conducted at EBRC in chapter 2. Apart from varied levels of 

metabolizable protein in the EBRC study, intake was held constant, while the NLARS 

cows had ad libitum access to their feed. Given previous known effects of RPM 

supplementation increasing DMI discussed above, it could be postulated that MET 

supplementation may have also increased hay intake in this study. A potential 

explanation for increased calf growth from MET cows may be improvement in colostrum 

and/or milk quality. However, colostrum composition (fat and protein content, somatic 

cell count, milk urea nitrogen, and beta-hydroxybutyrate) was not impacted by maternal 

nutrient status for cows at EBRC and NLARS (Lièvre, 2020). Another management 

strategy that differed between the two experiments was that calves in the NLARS study 

were group weaned. This means that calves were of various ages at weaning and thus 

various body weights at time of weaning. However, age at weaning was included in the 

statistics model as a covariate and was therefore accounted for as a possible effect. 

Steer growth rates (ADG) did not differ between maternal dietary treatment in the 

present study. However, DMI was increased by 6.35% in MET steers while ADG was 

maintained. Although limited studies have investigated maternal RPM supplementation 
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of feedlot performance, other studies that found no increase in daily starter intake from 

1 to 9 wk of age with maternal methionine supplementation, but an improvement of 

ADG in dairy calves (Alharthi et al., 2018). Supplementation of methionine hydroxy 

analog during late gestation to beef cows had no impact on calf ADG from birth to 

weaning. However, calf ADG was improved after weaning, while calf DMI was similar 

between maternal dietary treatments (Moriel et al., 2020). In addition, beef calf ADG 

from birth to weaning was not impacted by late gestation methionine supplementation 

(Clements et al., 2017). Similar to the current study, gain to feed ratios for Holstein 

calves from birth to 9 wk of age were not improved with maternal methionine 

supplementation (Alharthi et al., 2018).  

Potential reasons for the variability in response of progeny performance in the 

literature could be due to breed differences, as well as methionine source, quantity, 

basal diet, experimental design, and duration of maternal supplementation during 

gestation.  

There were no differences between maternal treatments for blood metabolites of 

steer progeny at the start of the finishing phase, or before slaughter. A study by Alharthi 

et al. (2018) also found that maternal supplementation of methionine did not affect 

circulating blood metabolites in the calf at birth. Although nutrition affects blood 

metabolites, it appears that metabolites are unaffected by maternal dietary treatment 

during the feedlot period in an industry applied setting. 

 Despite increased BW and DMI, supplementation of methionine during late 

gestation had no impact on visceral organ weight or carcass characteristics. No other 
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studies have considered the effects of methionine supplementation during gestation on 

progeny carcass traits as progeny are often only followed from birth to weaning in past 

studies. Given relatively small differences, perhaps a study with more animals per 

treatment would elicit significant differences in steer performance and carcass traits  

Since the available research is limited and contradictory, it would be advantageous 

to determine the underlying mechanisms of how maternal methionine supplementation 

influences long-term offspring development, perhaps by investigating methylation of key 

genes related adipogenesis such as PPARG, or the mTOR and ubiquitin pathways to 

assess protein synthesis and protein degradation. Due to increased DMI and body 

weight, it would also be beneficial to conduct a cost-benefit analysis to determine if 

methionine supplementation during late gestation would benefit beef producers with 

improved carcass value. 

3.5 Conclusion 

In an industry-applied setting, maternal rumen-protected methionine 

supplementation during late gestation resulted in improved body weights for steer 

progeny throughout life. However, this increase in body weight did not lead to improved 

efficiency, hot carcass weight, carcass characteristics, or meat quality. More research is 

required to determine the mechanism of how maternal methionine supplementation 

during gestation may influence progeny lifetime productivity. Completion of an economic 

analysis for supplying RPM during late gestation in an industry-applied setting would be 

beneficial to determine if the minimal improvement in steer offspring body weight would 

offset the cost of purchasing the RPM supplement. 
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3.6  Tables 

Table 6: The effect of maternal supplementation of 12 g/d rumen-protected methionine during the 
last 8 weeks of gestation in an applied setting on steer offspring growth performance 

  Maternal Treatment   

Item 
CON 
n=16 

MET 
n=18 SEM1 P-value 

Birth BW, kg 39 41 1.4 0.24 
Weaning BW, kg 285b 314a 14.2 0.01 
Grower period         
Initial BW, kg 317b 353a 14.7 0.01 
Final grower BW, kg 374b 407a 15.6 0.02 
Days on feed, d 29 29 - - 
ADG, kg/d 1.93 1.82 0.070 0.28 
DMI, kg/d 11.1 11.2 0.38 0.70 
G:F 0.172 0.163 0.0052 0.21 
F:G 5.89 6.25 0.194 0.17 
Finisher period          
Final BW, kg 627 674 20.7 0.10 
Days on feed, d 116 111 6 0.13 
ADG, kg/d 1.97 2.15 0.107 0.15 
DMI, kg/d 12.1b 13.1a 0.51 0.02 
G:F 0.158 0.164 0.0048 0.41 
F:G 6.53 6.14 0.268 0.30 
Overall Experiment     
Days on feed, d 163 158 6 0.13 
ADG, kg/d 1.97 2.11 0.090 0.17 
DMI, kg/d 11.8b 12.6a 0.42 0.04 
G:F 0.164 0.167 0.0036 0.49 
F:G 6.20 5.99 0.165 0.36 
RFI 0.046 -0.041 0.1114 0.57 
Ranked RFI2  18.9 16.2 2.50 0.43 

ADG = Average Daily Gain; BW = body weight; DMI = dry matter intake; F:G = feed 
to gain conversion; G:F = gain to feed conversion; HCW = hot carcass weight; MET 
= rumen-protected methionine; RFI = residual feed intake. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Largest SEM reported. 
2Ranked RFI: animals were ranked from 1 (lowest RFI, most efficient animal) to 56 
(highest RFI, least efficient animal) based on their calculated RFI 
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Table 7: The effect of maternal supplementation of 12 g/d rumen-protected methionine during the 
last 8 weeks of gestation in an applied setting on steer offspring circulating blood metabolite 
concentrations at the start of the finishing phase and before slaughter 

  Maternal Treatment   

Item 
CON 
n=16 

MET 
n=18 SEM1 P-value 

Start of finishing phase          
BHBA, µmol/L  148 135 59.6 0.66 
Cholesterol, mmol/L 2.61 2.70 0.131 0.55 
Glucose, mmol/L 5.30 5.39 0.116 0.50 
Haptoglobin, g/L 0.397 0.098 0.2125 0.32 
Insulin, µg/L 4.61 3.74 0.875 0.48 
NEFA, mmol/L 0.077 0.095 0.0115 0.25 
Total protein, g/L 67.3 67.6 1.04 0.84 
Albumin, g/L 35.68 35.76 0.498 0.90 
Globulin, g/L 31.56 31.83 0.801 0.81 
A:G ratio  1.14 1.13 0.031 0.81 
Urea, mmol/L 2.60 2.37 0.212 0.41 
Before slaughter         
BHBA, µmol/L  159 148 17.4 0.59 
Cholesterol, mmol/L 3.62 3.63 0.281 0.97 
Glucose, mmol/L 5.17 5.11 0.175 0.83 
Haptoglobin, g/L 0.175 0.128 0.0322 0.26 
Insulin, µg/L 2.29 1.72 0.501 0.42 
NEFA, mmol/L 0.324 0.339 0.0427 0.80 
Total protein, g/L 74.7 73.1 0.94 0.22 
Albumin, g/L 38.92 38.12 0.754 0.29 
Globulin, g/L 35.53 34.93 1.163 0.70 
A:G ratio  1.13 1.11 0.045 0.74 
Urea, mmol/L 5.43 5.66 0.183 0.34 

A:G = albumin to globulin ratio; BHBA = β-hydroxybutyrate; MET = rumen-
protected methionine; NEFA = non-esterified fatty acids. 
1Largest SEM reported. 
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Table 8: The effect of maternal supplementation of 12 g/d rumen-protected methionine during the 
last 8 weeks of gestation in an applied setting on steer offspring organ weights (actual, relative to 
BW, and HCW) and kidney fat (actual, relative to BW, and HCW) 

  Maternal Treatment   

Item 
CON  
n=16  

MET 
n=18 SEM1 P-value 

Liver          
   Actual, g 7.2 7.7 0.31 0.06 
   Relative to BW, g/kg 11.3 11.6 0.32 0.37 
   Relative to HCW, g/kg 20.1 20.8 0.64 0.33 
Kidneys         
   Actual, g 1.1 1.2 0.04 0.22 
   Relative to BW, g/kg 1.8 1.7 0.04 0.78 
   Relative to HCW, g/kg 3.1 3.1 0.07 0.95 
Kidney fat         
   Actual, g 12.2 11.3 0.61 0.31 
   Relative to BW, g/kg 19.0 17.0 0.90 0.11 
   Relative to HCW, g/kg 34.0 30.6 1.69 0.15 
Pancreas         
   Actual, g 0.5 0.5 0.03 0.31 
   Relative to BW, g/kg 0.8 0.9 0.05 0.50 
   Relative to HCW, g/kg 1.5 1.6 0.09 0.46 

BW = body weight; HCW = hot carcass weight; MET = rumen-protected methionine. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
 1Largest SEM reported. 
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Table 9: The effect of maternal supplementation of 12 g/d rumen-protected methionine during the 
last 8 weeks of gestation in an applied setting on steer offspring carcass characteristics, rib 
dissection, and meat quality 

  Maternal Treatment   

Item 
CON 
n=16 

MET 
n=18 SEM1 P-value 

Carcass characteristics          
HCW, kg 348 377 11.6 0.06 
Grade fat, mm  14.0 13.2 1.17 0.63 
Rib Eye Area, cm2 86.8 86.7 2.59 0.98 
Marbling score2 5.7 5.7 0.09 0.44 
Lean colour3 4 4 - - 
Fat colour4 4 4 - - 
CBGA Quality grade5 2.9 2.9 0.07 0.63 
   AA  1 2 - - 
   AAA  15 16 - - 
Lean yield 49.5 49.8 0.44 0.58 
Rib dissection6         
Rib sample weight, kg 4.4 4.6 0.09 0.39 
Rib sample weight, % HCW 1.3 1.2 0.03 0.25 
Lean, % of rib weight 48.2 49.1 0.98 0.49 
Bone, % of rib weight 17.9 18.6 0.51 0.35 
Body cavity fat, % of rib weight 5.1 5.2 0.29 0.97 
Subcutaneous fat, % of rib weight 12.2 12.0 0.62 0.84 
Intermuscular fat, % of rib weight 15.7 14.5 0.49 0.08 
Meat quality         
Intramuscular fat, %  7.1 7.1 0.55 0.96 
pH  5.6 5.6 0.01 0.85 
L* 38.5 39.0 0.37 0.31 
Chroma7  19.8 19.9 0.42 0.79 
Hue angle8 22.5 23.0 0.52 0.38 

HCW = hot carcass weight; MET = rumen-protected methionine. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Weaning location data can be found in the appendix; Table 5. 
2Largest SEM reported. 
3Longissimus muscle scored subjectively for marbling using a 10-point scale (10 = devoid of marbling to 1 = 
abundant marbling). 
4Longissimus muscle scored subjectively for lean colour using a 5-point scale (1 = very dark red to 5 = very 
light red). 
5Carcass fat scored subjectively for fat colour using a 5-point scale (1 = bright yellow to 5 = white). 
6Quality grade data were coded before statistical analysis was conducted as follows: A = 1, AA = 2, AAA = 3. 
7Rib section removed between the 9th to 12th ribs. 
7Chromaab = (a*2 + b*2)0.5. 
8Hue angleab = arctan(b*/a*)*(180/PI). 
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4 OVERALL CONCLUSIONS 

Overall, this thesis has demonstrated that pre-partum maternal nutrition has an 

important impact on steer progeny growth throughout life, and that carcass quality can 

be improved by maternal metabolizable protein level or rumen-protected methionine 

supplementation during late gestation.  

In a research-intensive setting, feeding pregnant cows below metabolizable 

protein requirements for the last eight weeks of gestation improved weaning and initial 

study body weights for steer progeny while maintaining DMI, ADG, and feed conversion 

ratios in the feedlot. Although it is unclear why this was observed, it is speculated that 

impacts on maternal milk production/composition may be involved. Carcass 

characteristics including grade fat and lean yield were increased in steer progeny from 

cows fed a metabolizable protein-restricted diet. Improved grade fat in offspring from 

90% MP cows is supportive of the Barker hypothesis, which suggests that even mild 

undernutrition during gestation increases offspring adipose tissue development. 

However, quantification of fat content in steer rib sections was not impacted by maternal 

nutrition. Whereas, in an industry applied setting, supplementation of MET increased 

body weights for  steer progeny before entering the feedlot and increased DMI while in 

the feedlot, although this did not result in improved carcass characteristics. However, 

rumen-protected methionine supplementation in the research-intensive setting at 9 
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g/hd/d for the cows had no impact on steer progeny performance or carcass 

characteristics.  

As such, the results of these two experiments illustrate that offspring response can 

be different depending on maternal management strategy and further research is 

required to determine the link between maternal nutrition and progeny development 

throughout life. Additionally, to fully investigate if targeted maternal nutrition could be a 

beneficial management practice for beef producers, an economic analysis of 

metabolizable protein level and/or methionine utilization should be conducted. 

4.1 Implications  

The potential to improve offspring performance and lifetime productivity from 

manipulating maternal nutritional status has been investigated in cattle. Maternal dietary 

crude protein content has been shown to improve cow feed intake and performance, 

and have various effects on calf offspring growth and development throughout life. 

Unfortunately, the research that is currently available investigating the long-term effects 

of maternal protein is limited and often contradictory. In addition, before these 

experiments, the effects of maternal methionine supplementation have only been 

evaluated in offspring from birth until weaning. This study found improved carcass fat 

grades for steers from cows with restricted metabolizable protein intake, which is 

consistent with the Barker hypothesis theory in fetal programming. This suggests that 

fat deposition throughout offspring life is altered when maternal MP content is restricted 
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during late gestation. If fetal programming approaches can optimize fat deposition within 

steer carcasses, there could be potential to improve producer profit.  

Interestingly, maternal rumen-protected methionine supplementation effects were 

different between the research-intensive and industry applied studies, illustrating that 

progeny performance outcomes can vary depending on maternal management 

practices. Therefore, more research is required to further investigate the mechanisms of 

how maternal nutrition alters metabolism and feed intake and how these impact 

offspring development.  

4.2 Future Research  

Upon evaluating the results of the present studies, it would be imperative to 

complete additional studies to assess the long-term effects of fetal programming on 

beef cattle. Due to conflicting results from the available research and the present 

studies, larger experiments utilizing more animals would be important to understand and 

investigate if maternal protein levels continue to improve beef cattle performance and 

carcass quality. Also, future research investigating maternal protein levels should utilize 

the MP system as opposed to using CP to maintain with current ruminant protein 

requirement recommendations (NASEM, 2016).  

To determine if maternal nutrition affects skeletal muscle development, it would be 

interesting to collect muscle samples from progeny at various time points throughout life 

such as in utero, at birth, at weaning, at the start of the grower phase, the start of the 
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finisher phase, and at slaughter. If collected using a biopsy punch, samples could be 

evaluated for the abundance of myofibres or muscle fibre diameters. It could also be 

advantageous to investigate genes involved in the mTOR and ubiquitin pathways to 

assess offspring protein synthesis and protein degradation as skeletal muscle can be 

enhanced from an increase of protein (AA) in the diet (Micke et al., 2011).  

It would also be beneficial to investigate pathways involved in fat mobilization and 

fat deposition. Adipocytes are derived from a mesoderm-precursor which differentiates 

into a mesenchymal stem cell and then into an adipocyte (Du et al., 2010). Transcription 

factors such as CCAAT/enhancer binding protein (C/EBP) and PPARG are involved in 

regulating adipogenesis (Du et al., 2010). These factors create a self-reinforcing loop as 

C/EBP binds to PPARG to induce its expression, and the expression of PPARG further 

encourages the expression of C/EBP (Du et al., 2010). Increased activation of PPARG 

has been shown to promote differentiation through enhancing activation of a number of 

genes associated with triglyceride uptake including fatty acid-binding protein, acyl-CoA 

synthetase, and fatty acid transport protein-1 (Frohnert et al., 1999). In addition, fatty 

acid-binding protein has been associated with NEFA mobilization (Long et al., 2010). To 

assess how maternal metabolizable protein and/or methionine affects progeny fat 

accretion, it would be beneficial to investigate the abundance of PPARG, C/EBP, fatty 

acid-binding protein, acyl-CoA synthetase, and fatty acid transport protein-1.  

Consideration of return on investment is crucial to determining if feeding methods 

would be beneficial to producers. Although it was not considered in the present studies, 



 

 

 

74 

 

it would be advantageous to conduct a cost-benefit analysis to determine if 

supplementation of metabolizable protein with or without methionine during late 

gestation would result in a greater return on investment for producers if progeny were 

sold at weaning, or if ownership was maintained until slaughter. With the increased cost 

of purchasing protein and/or methionine supplements, if producers are unable to 

increase revenue per offspring, the new management strategy will not be adopted. As 

expressed by Stalker et al. (2007) and Larson et al. (2009), in order for a cow/calf 

producer who adopted these management strategies to see a return on investment, 

retained ownership would be required.  

Further investigation into how early life events and maternal environment 

influences cattle offspring is beneficial for the industry, as management strategies could 

be utilized to increase profitability of producers.  
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APPENDICES  

Appendix Table 1: Chemical composition of base maternal diets fed at 90%, 100%, or 110% 
metabolizable protein (MP) requirements * 

  Metabolizable Protein (MP) Level1 

Cows2 (n=99) 90% MP 100% MP 110% MP 

DM, % 48.8 50.1 53.3 
CP, % DM 11.5 13.3 15.0 
ADF, % DM 39.9 38.8 37.9 
NDF, % DM 53.2 51.9 50.7 
Crude Fat, % DM 7.8 6.7 5.8 
NEm, Mcal/kg 1.4 1.4 1.4 
        
Heifers3 (n=39)       

DM, % 45.8 47.3 48.5 
CP, % DM 12.4 14.3 16.0 
NDF, % DM 50.6 49.2 48.1 
ADF, % DM 39.0 37.9 36.5 
Crude Fat, % DM 7.9 6.9 5.9 
NEm, Mcal/kg 1.40 1.40 1.50 

DM = dry matter; CP = crude protein; ADF = acid detergent fibre; NDF = 
neutral detergent fibre; NEm = Net energy for maintenance. 
1Metabolizable Protein (MP) treatments: cattle fed at 110% MP, 100% MP, 
or 90% MP requirements 
260% grass haylage, 40% millet straw for cows. 
370% grass haylage, 30% millet straw for heifers. 
* Adapted from Collins 2019 MSc thesis. 
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Appendix Table 2: The effect of summer weaning location and maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) 
with(without) 9 g/d rumen-protected methionine during the last 8 weeks of gestation on steer offspring growth performance 

  Maternal Treatment                 

  Summer Location   Metabolizable Protein (MP) Level   Methionine (MET)   P-values2 

Item 
Drylot 
n=24 

Pasture 
n=31 SEM1   

90% 
MP 

n=25 

100% 
MP 

n=16 

110% 
MP 

n=14 SEM1   
MET- 
n=26 

MET+ 
n=29 SEM1   L P M L*P L*M P*M L*P*M 

bBW, kg - - -  39 40 42 1.8  40 41 1.4  - 0.45 0.76 - - 0.80 - 
wBW, kg 249 256 12.2   260a 251ab 245b 12.4   252 252 12.1   0.14 0.02 0.93 0.46 0.59 0.14 0.72 
Grower                                         
iBW, kg 321 317 13.1   329 316 312 13.5   320 318 13.1   0.52 0.06 0.67 0.67 0.61 0.62 0.53 
gBW, kg 370 365 13.8   377 365 359 14.3   368 366 13.8   0.46 0.07 0.71 0.70 0.30 0.40 0.77 
DOF, d 29 29 -   29 29 29 -   29 29 -   - - - - - - - 
ADG, kg/d 1.67 1.65 0.062   1.66 1.69 1.62 0.076   1.65 1.66 0.062   0.79 0.71 0.98 0.89 0.11 0.23 0.13 
DMI, kg/d 9.9 10.2 0.36   10.2 10.2 9.7 0.44   10.3 9.8 0.36   0.44 0.62 0.23 0.60 0.83 0.26 0.35 
G:F 0.170 0.163 0.0059   0.165 0.167 0.166 0.0075   0.162 0.171 0.0060   0.33 0.97 0.20 0.50 0.20 0.35 0.33 
F:G 6.00 6.27 0.224   6.28 6.06 6.06 0.287   6.29 5.98 0.228   0.34 0.73 0.28 0.66 0.22 0.37 0.27 
Finisher                                          
fBW, kg 635 635 10.3   640 634 631 11.2   635 635 10.2   0.99 0.61 0.99 0.47 0.81 0.25 0.76 
DOF, d 123 128 5   126 125 125 5   125 126 5   0.21 0.93 0.75 0.98 0.33 0.73 0.82 
ADG, kg/d 1.94 2.00 0.057   1.92 1.98 2.01 0.075   1.97 1.97 0.059   0.41 0.61 0.96 0.38 1.00 0.97 0.81 
DMI, kg/d 11.6 11.6 0.23   11.4 11.7 11.7 0.30   11.6 11.7 0.24   0.94 0.66 0.81 0.82 0.56 0.63 0.90 
G:F 0.166 0.171 0.0042   0.166 0.168 0.170 0.0053   0.170 0.167 0.0043   0.29 0.80 0.61 0.31 0.87 0.78 0.92 
F:G 6.05 5.90 0.160   6.05 5.96 5.92 0.198   5.93 6.02 0.162   0.42 0.83 0.63 0.25 0.89 0.62 0.98 
Experiment                     
DOF, d 170 175 5   173 172 172 5   172 173 5   0.21 0.93 0.75 0.98 0.33 0.73 0.82 
ADG, kg/d 1.89 1.92 0.046   1.87 1.90 1.93 0.061   1.90 1.90 0.048   0.61 0.76 0.95 0.37 0.67 0.94 0.99 
DMI, kg/d 11.2 11.2 0.22   11.1 11.3 11.2 0.28   11.2 11.2 0.22   0.89 0.83 0.97 0.81 0.53 0.55 0.90 
G:F 0.169 0.171 0.0036   0.169 0.169 0.173 0.0047   0.170 0.170 0.0037   0.66 0.77 0.96 0.33 0.96 0.85 0.96 
F:G 5.91 5.89 0.116   5.96 5.93 5.82 0.169   5.90 5.90 0.112   0.93 0.80 0.99 0.29 0.85 0.92 1.00 
RFI -0.048 -0.019 0.1561   -0.065 0.092 -0.128 0.2054   -0.078 0.011 0.1607   0.89 0.70 0.67 0.79 0.75 0.79 0.50 

ADG = Average Daily Gain; bBW = birth body weight; BW = body weight; DOF = days on feed; DMI = dry matter intake; fBW = body weight at end of study; F:G = feed to gain conversion; gBW = body 
weight at end of grower period; G:F = gain to feed conversion; HCW = hot carcass weight; iBW = body weight at start of study; MET = rumen-protected methionine; MP = metabolizable protein; RFI = 
residual feed intake; wBW = body weight at weaning.  
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Largest SEM reported.  
2L = summer weaning location; P = maternal metabolizable protein level; M = maternal methionine. 
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Appendix Table 3: The effect of summer weaning location and maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) 
with(without) 9 g/d rumen-protected methionine during the last 8 weeks of gestation on steer offspring circulating blood metabolites at the start of the 
finishing phase and before slaughter 

  Maternal Treatment                 

  Summer Location   Metabolizable Protein (MP) Level   Methionine (MET)   P-values2 

Item 
Drylot 
n=24 

Pasture 
n=31 SEM1   

90% 
MP 

n=25 

100% 
MP 

n=16 

110% 
MP 

n=14 SEM1   
MET- 
n=26 

MET+ 
n=29 SEM1   L P M L*P3 L*M P*M4 L*P*M 

Start of finisher                                         
BHBA, µmol/L  122 129 50.2   105 151 121 52.1   125 126 50.1   0.78 0.25 0.95 0.33 0.71 0.89 0.21 
Cholesterol, mmol/L 2.40 2.20 0.127   2.32 2.44 2.15 0.164   2.41 2.19 0.131   0.25 0.42 0.20 0.71 0.48 0.04 0.69 
Glucose, mmol/L 5.38 5.49 0.087   5.35 5.49 5.48 0.111   5.40 5.48 0.089   0.36 0.49 0.48 0.95 0.86 0.67 0.92 
Haptoglobin, g/L 0.110 0.235 0.0645   0.154 0.166 0.197 0.0769   0.186 0.159 0.0647   0.09 0.88 0.71 0.73 0.57 0.22 0.38 
Insulin, µg/L 3.71 2.42 0.642   2.93 4.11 2.17 0.846   3.69 2.45 0.661   0.14 0.23 0.16 0.13 0.02 0.22 0.21 
NEFA, mmol/L 0.073 0.077 0.0057   0.075 0.076 0.073 0.0073   0.077 0.073 0.0058   0.65 0.96 0.61 0.55 0.66 0.46 0.59 
Total protein, g/L 67.5 67.5 0.73   67.8 67.2 67.5 0.91   67.3 67.7 0.74   0.96 0.84 0.72 0.27 0.62 0.36 0.53 
Albumin, g/L 36.07a 34.68b 0.595   35.76 35.51 34.84 0.658   35.36 35.39 0.593   0.01 0.29 0.95 0.01 0.44 0.82 0.68 
Globulin, g/L 31.60 32.72 0.972   32.00 31.69 32.79 0.109   32.01 32.31 0.969   0.20 0.60 0.72 0.99 0.35 0.37 0.54 
AG ratio  1.15a 1.07b 0.047   1.13 1.13 1.08 0.051   1.12 1.11 0.047   0.03 0.31 0.64 0.41 0.34 0.32 0.39 
Urea, mmol/L 2.13 2.11 0.087   2.28 2.12 1.96 0.112   2.14 2.10 0.090   0.86 0.08 0.75 0.40 0.89 0.79 0.47 
Before slaughter                                         
BHBA, µmol/L  153a 131b 6.8   136 142 147 9.0   148 136 7.0   0.03 0.61 0.21 0.30 0.94 0.88 0.61 
Cholesterol, mmol/L 3.01 2.98 0.151   3.22 2.99 2.77 0.196   2.94 3.05 0.154   0.86 0.17 0.57 0.96 0.13 0.08 0.44 
Glucose, mmol/L 4.67 4.72 0.158   4.77 4.60 4.73 0.207   4.65 4.75 0.162   0.81 0.77 0.65 0.83 0.24 0.34 0.96 
Haptoglobin, g/L 0.136 0.139 0.0111   0.143 0.136 0.134 0.0146   0.138 0.137 0.0114   0.84 0.86 0.95 0.59 0.68 0.95 0.76 
Insulin, µg/L 1.74 1.08 0.342   1.58 1.71 0.94 0.425   1.39 1.43 0.346   0.11 0.31 0.93 0.14 0.74 0.36 0.55 
NEFA, mmol/L 0.321 0.308 0.0337   0.337a 0.388a 0.218b 0.0405   0.308 0.320 0.0337   0.73 0.01 0.75 0.52 0.72 0.71 0.40 
Total protein, g/L 73.4 73.3 0.81   73.9 73.0 73.1 1.06   73.7 73.0 0.83   0.96 0.75 0.56 0.58 0.70 0.66 0.77 
Albumin, g/L 39.57 39.15 0.426   39.18 39.37 39.53 0.557   39.14 39.58 0.437   0.46 0.88 0.44 0.97 0.72 0.51 0.29 
Globulin, g/L 33.82 34.19 0.902   34.72 33.68 33.62 1.187   34.55 33.46 0.928   0.76 0.67 0.38 0.63 0.85 0.95 0.98 
AG ratio  1.18 1.16 0.038   1.15 1.18 1.18 0.048   1.15 1.19 0.038   0.71 0.68 0.36 0.71 0.98 0.96 0.67 
Urea, mmol/L 5.58 5.38 0.244   5.28 5.41 5.75 0.274   5.61 5.35 0.243   0.35 0.19 0.21 0.21 0.63 0.50 0.70 

BHBA = β-hydroxybutyrate; MET = rumen-protected methionine; MP = metabolizable protein; NEFA = non-esterified fatty acids. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Largest SEM reported. 
2L = summer weaning location; P = maternal metabolizable protein level; M = maternal methionine. 
3Summer location*Protein interaction for albumin at start of finisher. With steers from dams fed at 110% MP requirements weaned on pasture having lower blood albumin levels compared to steers 
from dams fed 90% MP requirements weaned on pasture, as well as 100% and 110% MP requirements weaned on drylot (33.36 vs 36.06, 36.31, and 36.42 g/L, respectively). 
4Protein*Methionine interaction for cholesterol at start of finisher. With steers from dams fed at 90% MP requirements supplemented with methionine having lower blood cholesterol levels compared to 
steers from dams fed 90% protein without methionine (1.93 vs 2.72 mmol/L, respectively). 
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Appendix Table 4: The effect of summer weaning location and maternal dietary treatment (90, 100, or 110% of metabolizable protein requirements) 
with(without) 9 g/d rumen-protected methionine during the last 8 weeks of gestation on steer offspring organ weights (actual, relative to BW, and HCW) 
and kidney fat (actual, relative to BW, and HCW) 

  Maternal Treatment                 

  Summer Location 
  

Metabolizable Protein (MP) Level   Methionine (MET)   P-values2 

Item 
Drylot 
n=24 

Pasture 
n=31 SEM1   

90% 
MP 

n=25 

100% 
MP 

n=16 

110% 
MP 

n=14 SEM1   
MET- 
n=26 

MET+ 
n=29 SEM1   L P M L*P L*M P*M L*P*M 

Liver        
  

                                
   Actual, g 7.2 7.3 0.19 

  

7.2 7.4 7.1 0.25   7.2 7.3 0.10   0.81 0.53 0.82 0.48 0.83 0.18 0.51 
   Relative to BW, g/kg 11.4 11.4 0.28 

  

11.3 11.8 11.2 0.36   11.4 11.5 0.28   0.99 0.41 0.82 0.37 0.71 0.22 0.31 
   Relative to HCW, g/kg 21.1 20.6 0.53 

  

20.6 21.4 20.4 0.70   20.8 20.9 0.54   0.48 0.53 0.91 0.26 0.98 0.20 0.61 
Kidneys       

  

                                
   Actual, g 1.1 1.1 0.03 

  

1.1 1.1 1.1 0.03   1.1 1.1 0.02   0.60 0.91 0.32 0.41 0.89 0.39 0.73 
   Relative to BW, g/kg 1.8 1.8 0.04 

  

1.8 1.8 1.8 0.05   1.8 1.8 0.04   0.40 0.82 0.28 0.44 0.81 0.21 0.73 
   Relative to HCW, g/kg 3.3 3.2 0.07 

  

3.2 3.2 3.3 0.09   3.2 3.3 0.07   0.08 0.80 0.35 0.42 0.90 0.36 0.71 
Kidney fat       

  

                                
   Actual, g 13.2 12.6 0.51 

  

13.7 12.7 12.4 0.68   13.1 12.7 0.53   0.43 0.26 0.55 0.39 0.65 0.97 0.72 
   Relative to BW, g/kg 20.9 20.0 0.81 

  

21.5 20.1 19.8 1.06   20.9 20.1 0.83   0.41 0.38 0.49 0.46 0.67 0.81 0.80 
   Relative to HCW, g/kg 38.6 36.0 1.59 

  

39.2 36.6 36.3 2.10   38.0 36.6 1.64   0.23 0.43 0.52 0.48 0.82 0.92 0.66 
Pancreas       

  

                                
   Actual, g 0.6 0.5 0.03 

  

0.5 0.5 0.5 0.03   0.5 0.5 0.03   0.89 0.68 0.88 0.79 0.99 0.75 0.13 
   Relative to BW, g/kg 0.8 0.8 0.04 

  

0.9 0.8 0.8 0.05   0.8 0.8 0.04   0.98 0.79 0.81 0.76 0.99 0.56 0.12 
   Relative to HCW, g/kg 1.5 1.5 0.07 

  

1.6 1.5 1.5 0.09   1.5 1.5 0.07   0.75 0.79 0.86 0.63 0.89 0.66 0.08 

BW = body weight; HCW = hot carcass weight; MET = rumen-protected methionine; MP = metabolizable protein. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Largest SEM reported. 
2L = summer weaning location; P = maternal metabolizable protein level; M = maternal methionine  
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Appendix Table 5: The effect of summer weaning location and maternal dietary (90, 100, or 110% of metabolizable protein requirements) with(without) 9 
g/d rumen-protected methionine during the last 8 weeks of gestation on steer offspring carcass characteristics, rib dissection, and meat quality  

  Maternal Treatment                 

  Summer Location   Metabolizable Protein (MP) Level   Methionine (MET)   P-values2 

Item 
Drylot 
n=24 

Pasture 
n=31 SEM1   

90%   
MP 

n=25 

100% 
MP 

n=16 

110% 
MP 

n=14 SEM1   
MET- 
n=26 

MET+ 
n=29 SEM1   L P M L*P L*M P*M L*P*M 

Carcass characteristics                                          
HCW, kg 342b 353a 4.0   349 348 345 5.0   346 349 4.1   0.02 0.81 0.48 0.12 0.99 0.74 0.87 
Grade fat, mm  13.7 14.3 0.85   15.5a 14.7ab 11.8b 1.12   13.7 14.3 0.87   0.56 0.04 0.60 0.70 0.34 0.27 0.54 
Rib Eye Area, cm2 81.7b 89.7a 2.90   82.2 87.1 87.7 3.64   87.6 83.7 2.94   0.03 0.34 0.28 0.86 0.78 0.64 0.67 
Marbling score4 5.6 5.6 0.06   5.6 5.6 5.6 0.08   5.6 5.6 0.06   0.95 1.00 0.50 0.81 0.50 0.97 0.02 
Lean colour5 4 4 -   4 4 4 -   4 4 -   - - - - - - - 
Fat colour6 4 4 -   4 4 4 -   4 4 -   - - - - - - - 
CBGA Quality grade7 2.9 2.9 0.07   2.9 2.8 2.9 0.10   2.9 2.8 0.08   0.96 0.31 0.28 0.83 0.59 0.77 0.33 
   AA 3 4 -   2 4 1 -   2 5 -   - - - - - - - 
   AAA  21 27 -   23 12 13 -   24 24 -   - - - - - - - 
Lean yield 49.8 49.8 0.27   49.5 49.4 50.6 0.36   50.0 49.6 0.28   0.90 0.04 0.36 0.42 0.25 0.19 0.72 
Rib dissection8                                         
Rib weight, kg 4.5 4.5 0.10   4.5 4.5 4.4 0.11   4.6a 4.4b 0.10   0.85 0.60 0.02 0.04 0.36 0.80 0.63 
Rib weight, % HCW 1.3 1.3 0.02   1.3 1.3 1.3 0.03   1.3a 1.2b 0.02   0.24 0.62 0.01 0.11 0.60 0.58 0.56 
Lean, % of rib weight 47.8 49.1 0.82   47.3 48.5 49.6 1.03   48.2 48.8 0.83   0.21 0.19 0.54 0.44 0.12 0.58 0.66 
Bone, % of rib weight 17.5 18.0 0.51   17.8 18.3 17.2 0.67   17.9 17.6 0.52   0.44 0.51 0.70 0.69 0.63 0.31 0.21 
BCF, % of rib weight 5.8 5.7 0.29   5.8 5.4 6.2 0.38   5.7 5.9 0.30   0.84 0.34 0.57 0.45 0.73 0.89 0.43 
SCF, % of rib weight 12.5 11.9 0.53   13.1 12.3 11.1 0.68   12.4 12.0 0.54   0.37 0.06 0.63 0.47 0.41 0.80 0.20 
Inter. fat, % of rib weight 15.3 14.4 0.58   15.1 14.7 14.7 0.70   15.1 14.5 0.58   0.17 0.80 0.33 0.76 0.24 0.19 0.06 
Meat quality                                         
IMF, % as is  6.7 6.6 0.41   6.8 6.6 6.5 0.54   6.6 6.7 0.42   0.89 0.86 0.85 0.49 0.62 0.72 0.33 
pH  5.6 5.7 0.03   5.7 5.6 5.6 0.03   5.6 5.6 0.03   0.07 0.36 0.32 0.21 0.47 0.61 0.35 
L* 40.1a 39.1b  0.42   38.9 39.9 40.0 0.51   39.7 39.5 0.42   0.04 0.09 0.70 0.51 0.68 0.10 0.68 
Chroma9 18.8 18.9 0.27   19.2 18.8 18.6 0.35   19.1 18.6 0.27   0.88 0.33 0.15 0.92 0.24 0.90 0.43 
Hue angle10 23.7 22.8 0.37   23.1 22.9 23.7 0.49   23.6 22.8 38.13   0.08 0.44 0.11 0.68 0.79 0.42 0.37 

BCF = body cavity fat; HCW = hot carcass weight; Inter. fat = intermuscular fat; IMF = intramuscular fat; MET = rumen-protected methionine; MP = metabolizable protein; SCF = subcutaneous fat. 
a,bMeans in a row that have uncommon letters differ significantly (P < 0.05). 
1Largest SEM reported. 
2L = weaning location; P = maternal protein level; M = maternal methionine. 
3Rib weight. Main interaction effect is significant, however means separation test did not detect significance (P > 0.15). 
4Longissimus muscle scored subjectively for marbling using a 10-point scale (10 = devoid of marbling to 1 = abundant marbling). 
5Longissimus muscle scored subjectively for lean colour using a 5-point scale (1 = very dark red to 5 = very light red). 
6Carcass fat scored subjectively for fat colour using a 5-point scale (1 = bright yellow to 5 = white). 
7Quality grade data were coded before statistical analysis was conducted as follows: A = 1, AA = 2, AAA = 3. 
8Rib dissection between the 9th to 12th ribs. 
9Chromaab = (a*2 + b*2)0.5. 
10Hue angleab = arctan(b*/a*)*(180/PI). 
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