
i 
 

Effects of Nutritional Management Regimen and Residual Feed Intake 

Rank on Cow Performance During Mid to Late Gestation and Pre-

weaning Calf Performance 

 

By 

Joshua James Devos 

 

 

A Thesis 

Presented To 

The University of Guelph 

 

 

In partial fulfillment of requirements 

for the degree of 

Master of Science 

In 

Animal Biosciences 

 

 

 

 

 

 

 

 

 

 

Guelph, Ontario, Canada. 

© Joshua Devos, July 2018  



ii 
 

ABSTRACT 

 

EFFECTS OF NUTRITIONAL MANAGEMENT REGIMEN AND RESIDUAL FEED 

INTAKE RANK ON COW PERFORMANCE DURING MID TO LATE GESTATION AND 

PRE-WEANING CALF PERFORMANCE 

 

Joshua James Devos                                                                                                             Advisor: 

University of Guelph, 2018                                                                                  Dr. Ira B. Mandell 

 

 

 

This study’s main objective was to determine whether strategic supplementation of low-

quality roughage diets was sufficient for cows to bear and wean a healthy calf on a yearly basis 

and maintain overall performance, for the ultimate goal of increasing profitability for cow-calf 

producers. Residual feed intake (RFI) classification was also examined, including the extent of 

reranking across three years and physiological phases when different nutritional management 

regimens were used. Mid to late gestation cows were fed diets adequate or deficient in energy, 

along with testing supplementation frequency. While strategic supplementation of low-quality 

roughage diets was able to maintain body condition, reproductive performance, and serum 

metabolites, gains and feed intake were greater for cows fed a 70% haylage/30% straw diet fed 

ad libitum. Extensive reranking of RFI classification occurred due to effects of year along with 

nutritional management regimen. RFI classification in 2015 did not affect 2016 and 2017 cow 

performance. 
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1.0 General Introduction  
Purchasing and growing feed are major input costs for beef cow-calf operations. Survey 

data from the American midwest suggests that the average cost of feed for a cow per year has 

risen by 46% since 1995 (USDA, 2011). Moreover, the average cost of feed per cow as a 

percentage of the total production costs for a cow-calf producer has risen from 38.5% to 67.1% 

since 1995.  

Maintenance requirements for the mature cow are thought to account for 65-75% of feed 

costs alone (Montano-Bermudez et al., 1990; Basarab et al., 2007). Maintenance energy 

requirements are defined as the amount of feed energy that is required for an animal to have zero 

body weight loss or gain (NRC, 2000). This energy is needed in the beef animal for functions 

such as tissue synthesis, thermoregulation, organ function, and nervous system function 

(Thompson et al., 1983). Specifically, the majority of maintenance energy requirements are 

needed for ion transport and protein turnover (Baldwin et al., 1980). The determination of 

maintenance energy requirements for beef animals is challenging because of the intensive and 

costly nature of determining precise feed intakes for large numbers of cattle. Accurate feed 

intake data and diet sampling are needed to determine the amount and nutrient composition of an 

animal’s feed consumption, in order to relate that data to growth performance or other 

performance parameters.  

Despite these challenges, work has been conducted to increase the feed efficiency of 

cattle in various beef production systems. Feed efficiency is defined as the ability of an animal to 

convert inputs, such as feed into measurable outputs such as kilograms of body weight or milk. 

The greater an animal’s feed efficiency, the more economic return a producer will realize per 

unit of input. However, relative to monogastric species, improvement in feed efficiency for beef 
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cattle has been slow. For example, the broiler industry has seen a threefold reduction in the 

amount of feed necessary to reach market weight since 1957 (Havenstein et al., 1994). In 

addition, pig breeds such as the Dutch Landrace and the Great Yorkshire have decreased their 

feed requirements by 20% from 1930 to 1990 while increasing their average daily gains (ADG) 

by 50% (Merks, 2000). During the same time periods, researchers have questioned as to whether 

any decreases in maintenance energy costs have been made by the beef industry (Basarab et al., 

2007). This could be due to researchers assuming there must be a positive correlation between 

genetic performance potential, such as cow milk production and maintenance requirements 

(Ferrell and Jenkins, 1988). Therefore, little work has been conducted to specifically target 

maintenance energy requirements. 

Beef research trials concerned with feed efficiency and feed cost savings have generally 

fallen into one of two categories. The first pertains to genetic selection of cattle based on their 

residual feed intake (RFI) classification. RFI is defined as the difference between an animal’s 

observed feed intake and its expected feed intake over a defined time period (Basarab et al., 

2003). The expected feed intake of an animal is found by linearly regressing an animal’s daily 

feed intake (DFI) on average daily gain (ADG) and metabolic body weight (MBWT), along with 

any other known sources of energy sink variability such as subcutaneous backfat thickness or 

milk production (Black et al., 2013). RFI is thought to be a superior measure for feed efficiency 

than past methods such as feed per gain (F/G) or feed conversion ratio (FCR), which is the 

amount of daily dry matter intake divided by the average daily gain. This superiority of RFI 

versus F/G is because selecting animals with only low amounts of feed required per unit gain 

may result in animals simply developing larger frame sizes that are associated with higher 

maintenance requirements and more rapid growth rates (Arthur and Herd, 2008). RFI 
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classification modelling presents the ability to embed body weight and ADG into a model to 

normalize factors that affect the feed intake for an animal based on a given level of growth 

performance. Therefore, selection using RFI classification does not result in larger framed, 

higher maintenance energy requiring animals as is seen using  F/G to assess feed efficiency 

(Koch et al., 1963). Although higher model fits, defined as lower Bayesian Information Criterion 

and higher coefficients of determination, have been found in growing beef cattle (Basarab et al., 

2003; Durunna et al., 2011), modelling RFI classification for mature beef cows has been 

challenging. This is because ADG in the cow is confounded by the growth of the conceptus, as 

well as mature cows being fed more variable forages than what is used for finishing feedlot 

cattle. Any RFI classification modelling using mature beef cows would have to consider if cows 

rerank in their RFI classification between physiological states such as lactation (Black et al., 

2013).  

The second category of feed efficiency and feed cost savings research pertains to 

supplementing low quality diets for pregnant and lactating beef cows. Low quality diets are 

defined as diets containing feedstuffs that are low in crude protein (CP), but high in fibre (NDF). 

These diets often include crop residues, low quality hay, and byproducts which are attractive to 

producers based on their low cost.  However, these high fibre feed ingredients generally do not 

meet the cow’s nutrient requirements for energy or protein. Therefore, supplementing lipids 

(Dietz et al., 2003), protein (Patterson et al., 2003), gluconeogenic precursors (Mulliniks et al., 

2011b), as well as finding the optimal frequency for supplementation (Cooke et al., 2008) have 

been studied in mid to late gestation cows to increase body condition and reproductive and 

progeny performance and to maintain body reserves. The reason for this research is that 

exclusively feeding a high quality forage diet such as a pure alfalfa haylage or hay diet far 
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exceeds the energy and protein requirements for the gestating beef cow. Diluting gestation 

rations with lower energy ingredients such as straw has proven to be viable for avoiding negative 

effects on cow performance while reducing feed costs (Wood et al., 2010b).  However, such 

diets may need to be supplemented to meet protein requirements as well as ruminal 

gluconeogenic potential, which is needed to avoid the breakdown of adipose reserves in the 

animal. To reduce the amount of labour associated with supplementing large groups of cows, 

supplementation frequency is of interest. While less frequent supplementation results in reduced 

labour costs, there are concerns about large fluctuations in circulating metabolites and metabolic 

hormones such that metabolic disorders, such as acidosis may ensue due to fluctuating rumen pH 

(Moriel et al., 2016a).  

The overall objective of this study is to determine whether strategic supplementation of 

low-quality roughage diets is sufficient for a cow to maintain condition during gestation, wean a 

healthy calf and become pregnant for bearing a calf on a yearly basis. Additionally, the study is 

also interested in how the fit of RFI classification models in mature cows may be improved, and 

if  reranking between different stages of gestation and lactation exists when different nutritional 

management regimens are incorporated into a cow herd feeding program. The ultimate goal from 

this work is to develop lower cost winter feeding programs to increase the profitability of cow-

calf producers. 

2.0 Literature Review 

2.1 Historical Measures of Feed Efficiency in Beef Cattle 
 Selection and culling of cattle are essential in beef operations to ensure continued 

profitability. Producers will have slightly different priorities depending on the needs of their 

operation. Typical traits for a cow-calf producer to select for include reproduction, milk 
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production, health, temperament, sound feet, legs, udders and calf pre-weaning and post-weaning 

growth performance. Average daily gain (ADG), defined as kilograms of live body weight gain 

divided by the number of days the cattle are fed, is important in all segments of the beef industry. 

This is because the quicker an animal gains, the less money an animal will require for producer 

overhead costs, veterinary expenses, and feed costs.  

 However, the efficiency by which an animal uses the feed it consumes is also important 

across all industry segments. Based on 1999 costs of production, a 5% increase in feed efficiency 

has four times the economic impact as a 5% increase in ADG (Gibb and McAllister, 1999). 

Historical methods for measuring feed efficiency have generally been conducted using Feed 

Conversion Ratio (FCR), and its related trait, Feed to Gain (F/G). FCR is defined as the ratio of 

the average dry matter intake (DMI) per day to ADG (Gunsett, 1984). F/G, similarly, is the 

amount of feed consumed (DM) during a specific period, divided by the live body weight gain 

during that same period. These ratio traits are moderately heritable (Carstens and Kerley, 2009), 

and are useful for producers to provide a measure of operational profitability, especially in a 

feedlot operation. This is because in a feedlot setting, assuming slick bunk management, feed 

dispensed to a whole pen can be roughly estimated and compared with the rate of weight gain for 

a specific animal during the finishing period. This yields a rough, yet convenient ratio of inputs 

compared to outputs. A less commonly used, indirect measure of  efficiency, is the Kleiber ratio; 

defined as the ratio of ADG per unit of metabolic body weight (MBWT) (Berry and Crowley, 

2013). Metabolic body weight is defined as the live body weight of an animal raised to the 

exponent of 0.75. This measure of body weight is used as an estimation of the metabolically 

active tissue within an animal based on the Surface Law (Kleiber, 1961). If the numerator (ADG) 
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of the Kleiber ratio increases while the denominator (MBWT) decreases or stays the same, more 

growth will be attained without increasing the maintenance costs of the animal (Gunsett, 1984). 

 Although these ratio measures are useful for monitoring operational efficiency, problems 

arise in genetic selection due to the inherent nature of ratios. The component traits of the ratio, 

such as DMI or growth, are not considered. This is evidenced by a similar efficiency value 

assigned to animals that are both slow gainers and slow eaters, as that is given to animals that are 

fast gainers and fast eaters. Therefore, selection by FCR will not be able to prevent or identify 

animals that take too long to reach market weight, or animals that have greater maintenance 

requirements due to a large frame size.   

FCR has been shown to be correlated to mature body size (Herd and Bishop, 2000). This 

implies that increased rate of gain during selection by way of FCR will tend to also give way to 

increases in mature live body weight. For the feedlot producer, cattle will be sent for slaughter at 

a less mature body stage, with less fat being deposited. This will affect profitability because of 

decreased carcass grades. For the cow-calf producer, heifers with larger frame sizes will tend to 

prioritize lean muscle growth instead of depositing adipose tissue, which may cause delayed 

puberty attainment (Basarab et al., 2011). This will affect calving intervals and lifetime 

productivity in a negative way (Hafla et al., 2013). There are also concerns about reranking using 

FCR measures to determine feed efficiency, in that animals selected for FCR at one 

physiological or maturity stage may not carry over their efficiency to another physiological or 

maturity stage. In a trial involving 42 post-weaning heifers, Hafla et al. (2013) did not find a 

significant correlation between F/G in the post-weaning phase and forage utilization in the 

pregnant heifer. This supports the work conducted by Archer et al. (2002), who also found a 

weak correlation between FCR in the post-weaning phase and FCR for non-lactating, non-
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pregnant mature cows. The authors suggest that the reason for this is that cattle tend to reach 

maximum feed intakes before attaining their mature body weight, perhaps overestimating the 

lifetime efficiency of cattle during the post-weaning phase. 

 Underlying these findings may be that, with ratio traits, it is difficult to accept the 

assumptions needed to carry out genetic change. With genetic change, one needs to assume that 

the specific trait of interest is normally distributed (Gunsett, 1984). However, with ratios such as 

FCR, there is insufficient evidence to assume inherent normality. This is compounded by the fact 

that when selecting animals, a disproportionate amount of genetic pressure may be placed on 

traits that are within the ratio (Arthur et al., 2001a). For example, a negative correlation may 

exist between ADG and FCR (Arthur et al., 2001b). Therefore, when selecting for FCR, ADG 

may not be selected with the same intensity as DMI. Alternatively, selection with linear indexes 

are helpful in that they are more likely to place a predetermined amount of pressure on traits 

embedded within the model (Gunsett, 1984). This allows for a more predictable amount of 

genetic change.  

2.1.1 Residual Feed Intake 
Residual feed intake (RFI) is an example of a linear selection index. The ideas behind 

using linear selection indices for feed efficiency began with Koch et al. (1963). Using data from 

1324 young bulls and heifers, these researchers adjusted measured feed intakes based on a 

specific animal’s mid-test body weight (MWT) and their ADG. The difference between the 

actual measured feed intake values for these young animals was subtracted from the adjusted 

feed intake calculations. This resulted in a residual value which Koch et al. (1963) viewed as the 

maximum estimate of variation pertaining to feed efficiency. This analysis allowed for the 

selection of feed efficient animals normalized for body weight and rate of growth (ADG). Other 



8 
 

researchers have agreed that inclusion of ADG and some form of body weight relating to 

maintenance requirements is needed for determination of RFI (Archer et al., 2002; Basarab et al., 

2003), resulting in a base model of: 

Y = β0 + β1(ADG) + β2(MBWT) + ε 

Where Y is the daily dry matter intake (DMI/d), β0 is the model intercept, β1 is the partial 

regression coefficient of DMI/d on average daily gain (ADG), β2 is the partial regression 

coefficient of DMI/d on metabolic body weight, and ε is the model residual, which represents the 

residual feed intake (RFI). A negative RFI value indicates an animal that has consumed less feed 

than what the linear regression anticipated, hence demonstrating greater efficiency. A positive 

RFI value, conversely, represents an animal that has consumed more feed than anticipated, thus 

being less efficient than low RFI animals. 

2.1.2 Fitting RFI Models for Mature Cows  
Average metabolic body weight, the most common unit assigned to represent the 

maintenance energy requirements of an animal, is defined as the live body weight of an animal 

(kg) raised to the exponent of 0.75 (kg0.75). As explained earlier, maintenance energy 

requirements represent the energy required for basal metabolism, such as tissue synthesis, 

thermoregulation, and organ function (Thompson et al., 1983). High maintenance energy 

requirements tend to be associated with a larger visceral organ weight and a greater feed intake 

(Basarab et al., 2003). Since the fundamental concept of determining RFI classification includes 

targeting maintenance energy requirements of an animal, it is thought that some unit of 

maintenance energy requirement representation is needed. However, maintenance energy 

requirements are not easy to measure for beef cattle due to the labour involved in measuring feed 

intake. Other units included in RFI modelling include mid-test metabolic body weight (Bottje 
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and Carstens, 2009). Kleiber (1961) ascertained 0.75 to be the exponent for body weight that best 

accounts for metabolically active tissue in an animal. This is based on the Surface Law, which 

states that the metabolic rate of an animal is proportional to an animal’s body surface area. 

Overall, this researcher found that, in terms of weight, the metabolic rate may be equivalent to 

simply raising the live body weight of an animal to an exponent of 0.75.  

Since much of the work conducted for RFI has been on immature animals, growth rate 

(ADG) is thought to be a key variable to include in RFI models. ADG has proven to account for 

up to 8.2% of the variation in feed intake for young growing beef animals (Basarab et al., 2003). 

However, mature animals, such as cows, do not gain weight in a predictable manner with regards 

to tissue deposition compared to that which is seen with growing animals. Cow body weights 

fluctuate with stage of lactation, gestation, and level of activity, with the overall cow lifecycle 

metabolic goal of maintaining body weight (Basarab et al., 2007). During gestation, the growth 

of the conceptus, especially during the third trimester, can account for a significant proportion of 

the overall growth rate of the dam. Different equations have been suggested to model the growth 

of the conceptus over time, with the most common equation from NRC (2000): 

Weight of Conceptus (kg) = (Calf Birth Weight (kg) × 0.01828) × e[(0.02t)-(0.0000143t)t], 

where t is the day of gestation  

Research that has lead to the development of  this equation has found exponential 

modelling captures the most amount of variation in fetal growth over time, as opposed to linear 

or quadratic modelling (Ferrell et al., 1976). However, there are challenges when using these 

equations due to environmental and genetic variation in what determines conceptus growth. 

Sources of variation include the amount of placental exchange area, blood flow rate of the 

placenta (Owens et al., 1986), and the ability of an undernourished dam to mobilize nutrients for 
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the fetus (Bassett, 1986). Therefore, inherent cow to cow variability could be present in the 

modelling of conceptus growth rate, and such variability may impact RFI modelling with regards 

to determining how much of a given dam’s live body weight gain is attributable to the fetus. In a 

trial involving 47 gestating multiparous beef cows, a negative conceptus adjusted ADG was 

found in cows fed ad libitum grass silage (Fitzsimons et al., 2014). In that study, the low 

coefficient of determination (R2) value (0.36) for their RFI modelling was attributed to their 

being unable to determine dam specific live body weight growth, as they were forced to rely on 

an equation for fetal growth, instead of a direct measurement. 

In addition to MBWT and ADG, researchers have also conducted work to determine if 

any other measurable parameters can explain energy sink variability with regards to how much 

feed an animal will consume, and thus warrant inclusion into RFI models. 

Body composition (amount of lean, fat, bone) may be useful for inclusion in RFI models. 

The reason for this interest is based on normalizing feed efficiency selection for animals that 

consume less feed simply due to mobilization of body reserves to supply energy, as evidenced by 

one study which found that RFI unadjusted for fatness resulted in lower carcass fat content 

(Richardson et al., 2001). Furthermore, maintaining a degree of body condition in breeding 

animals is important because heifers and cows that become leaner over generations will have 

reduced pregnancy rates (Basarab et al., 2011). This happens primarily because cows 

metabolically prioritize maintaining and accumulating body reserves over producing estrous 

cycles (Short et al., 1990). For example, in a leaner animal, supplied energy will be used to 

maintain body condition before it will be used for reproductive purposes. Therefore, selecting 

breeding animals for feed efficiency needs to be independent of changes in the degree of fatness 

over time. There is no literature consensus on whether RFI is, in fact, correlated to body 
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composition. Indeed, the relationship between body composition with RFI could be complicated 

by the fact that although fat is more energetically costly to deposit than muscle, fat is also more 

energetically efficient to maintain than muscle (Schenkel et al., 2004). While greater feed 

efficiency may be associated with promoting muscle development in young growing animals, 

greater feed efficiency in mature animals such as cows may be associated with greater retention 

of already present adipose tissue reserves. Methods for determining degree of fatness in live 

animals need to be easy to measure, yet also representative of capturing animal tissue 

mobilization. The most common methods in live animals include the use of ultrasound to 

measure subcutaneous back fat including the rib fat at the 12th and 13th ribs and rump fat between 

the hook and pin bones, longissimus muscle area, and intramuscular fat content for longissimus 

muscle (Basarab et al., 2003; Black et al., 2013). Rib fat measurements have yielded mixed 

results, with some trials reporting  insignificant correlations between measures of fatness to RFI 

(Baker et al., 2006; Shaffer et al., 2011; Gomes et al., 2012).This lack of correlation, between 

RFI and body condition at least in steers could be partially explained by breed differences in 

tested animals, as many of the studies do not use purebred animals; hence condition variation is 

introduced if breed is not accounted for (Baker et al., 2006). However, an Australian study 

demonstrated that after two generations of selection, steer and heifer progeny that were classified 

as low RFI had significantly lower rib fat depth values when evaluated at 18 months of age  

(Arthur and Herd, 2008). Modelling RFI in young growing cattle, Basarab et al. (2003) found 

that accounting for backfat thickness increases over a trial period accounted for a 1.8% increase 

of the captured variation in feed intake between animals. The researchers concluded that on test 

RFI values should indeed be corrected for changes in backfat values. Schenkel et al. (2004) 

further suggested that although accounting for backfat in RFI models yields only a slightly 
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increased R2, breed difference reranking is affected by inclusion of condition measurements, 

particularly with backfat inclusion. This is important if a herd consists of non-pure-bred animals 

as RFI needs to be independent of performance variation caused by breed differences. Similarly, 

rump fat thickness, sometimes defined as P8 fat cover, has questionable correlation to RFI. One 

trial found that heifers selected for low RFI had significantly less P8 fat over most parts of two 

breeding cycles, with less ovarian activity measured as a negative result of decreased condition 

(Donoghue et al., 2011). However, a similar study did not find any correlation between P8 fat 

and RFI (Kelly et al., 2010), a finding that has also been previously reported in steers 

(Richardson and Herd, 2004). With regards to modelling RFI, inclusion of rump fat in RFI 

models increased R2 values by 2-4% in a study feeding 1783 British breed bulls and heifers 

(Arthur et al., 2003). These cattle were fed from 270 to 390 days of age on a diet consisting of 

alfalfa hay and wheat grain. However, similar to the relationship between rib fat measurements 

and RFI classification, these researchers did not find this increase to be significant enough to 

warrant inclusion of rump fat measures in RFI models. 

Longissimus muscle area (rib eye area) is of interest to understand muscle development 

as well as metabolic protein turnover dynamics. In post-weaning heifers and mature cows, this 

trait is not  correlated with RFI  classification using  base RFI models (Durunna et al., 2012; 

Black et al., 2013), or  models corrected for fatness (Basarab et al., 2011). Body condition score 

(BCS), a subjective measure of the degree of fat cover over the body has been used to examine 

the relationship of fatness with RFI  classification (Lowman et al., 1976). Overall, RFI 

classification has proven to be independent of BCS in cows, with no significant relationship 

found between the two (Black et al., 2013; Lawrence et al., 2013; Sprinkle et al., 2016). For 

BCS, it is important to note that the subjective nature of this measurement may affect the 
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determination of any significant relationship between the two traits. Questions have also arisen 

about whether BCS is sensitive enough to detect energy reserve mobilization differences in cows 

(Scholljegerdes and Summers, 2016). Overall, body composition measurements have an unclear 

correlation to RFI. However, researchers have generally recommended to account for body 

composition in RFI modelling to block models for tissue mobilization as a source of variation in 

daily feed intake. 

Breed composition, milk production, and metabolic markers, such as glucose and beta-

hydroxy butyrate, have also been studied to evaluate RFI classification differences in production 

and metabolic traits. Breed effects on RFI are of concern for beef producers with crossbred 

animals, as they will need to know how their breeding strategies will interact with RFI. Overall, 

research has found that breed effects do warrant inclusion in RFI models if a herd is genetically 

diverse (Montanholi et al., 2007). Specifically, Simmental, Angus, and Hereford bulls have been 

shown to have different RFI values (Archer et al., 1997). Two studies have agreed that the Angus 

breed has higher RFI values than Simmental, which in turn have higher RFI values than 

Charolais (Schenkel et al., 2004; Crowley et al., 2010). This is likely related to differences in 

fatness and fat deposition rate among breeds, with breeds such as Angus having higher levels of 

energetically costly fat deposition relative to their dressing percentage compared to Continental 

breeds.  Lactation performance differences have been somewhat considered in beef cows, 

although the majority of lactation performance interactions have been studied in dairy cows. For 

example, in one trial milk energy density accounted for up to 41% of the variation in RFI 

models, whereas metabolic body weight only accounted for up to 13% of RFI variation (Potts et 

al., 2015). One trial involving multiparous beef cows did not find that milk production differed 
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between RFI groups (Walker et al., 2015), although it is unclear if this study used energy 

corrected milk, or simply the weight of milk produced.  

Metabolic marker interactions with RFI classification have also been studied. The role of 

specific metabolic markers in the metabolism of the beef cow will be explained later. Overall, 

the literature has generally demonstrated that the interaction between RFI and metabolic markers 

is age dependent. For example, RFI classification has been shown to be positively correlated to 

blood urea values in heifers and steers  (Richardson and Herd, 2004), and to be positively 

correlated to urea, BHB, and insulin in finishing heifers (Kelly et al., 2010). The latter research 

group did not find RFI to be correlated with glucose or IGF-1,  while Herd and Arthur (2009) 

reported a significant correlation between RFI classification and  IGF-1 in nursing beef cattle. 

IGF-1 is a protein that functions as a hormonal regulator of protein metabolism, increasing 

protein synthesis and decreasing protein degradation (Drewnoski et al., 2014). Furthermore, IGF-

1 has also been shown to be an indicator of positive energy balance in an animal (Scholljegerdes 

and Summers, 2016). In multiparous beef cows, there were no correlations between RFI 

classification and BHB, glucose, or urea (Lawrence et al., 2013; Fitzsimons et al., 2014). This is 

in contrast to a study conducted by Wood et al. (2014), which found RFI correlations for serum 

urea and NEFA. These researchers further argued that these correlations may indicate that 

understanding the cellular mechanisms behind protein metabolism and body reserve mobilization 

may provide a window into understanding RFI in mature cows. In a trial involving 38 lactating 

beef cows that were at least 5 years of age, insulin was found to be positively correlated to RFI 

classification when insulin data were combined for all time points (Walker et al., 2015), yet no 

correlation was found at individual time points. Authors note that correlations between 

metabolites and RFI may need to be corrected for the effect of animal age, as metabolites, such 
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as amino acids, may fluctuate with different developmental stages (Karisa et al., 2014). 

Furthermore, one study found that age had a negative correlation with cholesterol;  however, no 

significant correlation was found between age and  glucose, urea, NEFA or BHB (Wood et al., 

2014). These authors attributed these conflicting results to a need to better understand underlying 

molecular mechanisms behind what determines energy and protein expenditure within the 

immature heifer or mature cow.  

2.1.3 Reproduction Concerns with RFI Classification 
 The effects of RFI selection on calving interval and puberty attainment have been 

previously studied. Calving interval is important for lifetime productivity and producer 

profitability, and is an indicator of the reproductive efficiency of the herd. Delayed calving dates 

could indicate that gestation is longer for certain animals, or that specific animals require more 

services to conceive than normal. Although researchers are interested in how RFI interacts with 

calving interval, it is important to note that when not accounting for fatness in RFI models, as 

previously mentioned, low RFI animals could be losing condition. This could affect reproductive 

measures negatively, by decreased condition metabolically signalling the cow to prioritize fat 

deposition over ovarian function (Short et al., 1990; Wright et al., 1992). Generally, with heifers 

and primaparous cows, low RFI is associated with greater number of days to next calving. 

Studies have demonstrated low RFI cattle calve between 4 to 8 days later than high RFI cattle 

(Basarab et al., 2007; Donoghue et al., 2011; Hafla et al., 2013). Monitoring 1513 dairy cows, 

days to first calf were greater (P<0.01) for low RFI cows (Bart et al., 2016).  However low RFI 

selection also resulted in decreased days open and decreased number of services required to 

conceive. As cows mature, RFI classification did not affect days to calving (Black et al., 2013; 

Hafla et al., 2013). Also of note is that delayed calving dates do not seem to affect calf birth 

weight, calving difficulty, or calf performance (Basarab et al., 2007; Damiran et al., 2015).  
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 Puberty attainment may also be related to animal body condition around the time an 

animal matures (Hafla et al., 2013). Age at puberty onset is critical to the lifetime productivity of 

the animal (Shike et al., 2013). With earlier puberty, heifers will have enough time to undergo 

cycling activity before the breeding season, which is beneficial for first time pregnancy rates 

(Byerley et al., 1987). Heifers that calve early have also proven to have significantly greater calf 

production over their lifetime (Lesmeister et al., 1973). Using 137 British breed heifers, Shaffer 

et al. (2011) found a negative correlation between RFI classification and age at puberty. This was 

further evidenced in a trial involving 190 beef heifers, which found that low RFI selection 

resulted in an 11 day delay in puberty attainment (Basarab et al., 2011). However, these 

researchers also found that correcting RFI for backfat resulted in no differences in conception 

rate, or delayed calving dates across RFI classfications. Basarab et al. (2011) explained that 

when selecting for RFI in a mixed group of pre- and post-pubertal heifers, selection for low RFI 

females will result in later maturing animals. This was attributed to early maturing animals 

having greater nutritional requirements, and presumably greater DMI requirements, associated 

with sexual development. 

2.1.4 RFI Class Reranking and Heritability 
 As beef cows transition through  different physiological stages, feed efficiency measures 

should be repeatable across such maturity and physiological stages. Researchers have attempted 

to determine what stage of maturity is optimal for RFI determination in one phase to be 

predictive of RFI classification in another phase. For example, researchers are interested in 

knowing if RFI will be repeatable as beef cattle age. Maturity is thought to be the greatest factor 

influencing RFI reranking between periods (Berry and Crowley, 2013). Some trials have found 

RFI to be repeatable as cattle mature, provided that consistent diets are fed (Carberry et al., 2012; 

McGee et al., 2014; Kriese-Anderson et al., 2016). Indeed, one study found RFI to be repeatable 
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between post-weaning heifers and pre-parturition heifers (Herd et al., 2010). However, as an 

animal matures, it will generally switch from depositing lean tissue to depositing adipose tissue. 

Therefore, models for expected feed intake during the post-weaning phase may not be relevant to 

phases after puberty because of different metabolic priorities, such as pregnancy or lactation 

(Kerley, 2010). This is evidenced by a study that found no repeatability for RFI measured during 

the post-weaning phase and then in the pre-breeding phase (Durunna et al., 2012). In that study, 

only 49% of heifers maintained their RFI class, while 10% changed their RFI by more than 0.5 

standard deviations (SD) from the mean RFI. In another study, no significant correlation was 

found between two phases of a finishing period in Nellore steers fed similar diets (Gomes et al., 

2012).  

 As breeding cattle age, they will undergo different physiological stages such as gestation 

and lactation. It is thought that as cows enter different physiological stages, especially lactation, 

feed efficiency values may be drastically changed from RFI values found during the growing 

period (Lancaster et al., 2014). This is attributed to more diverse needs for energy such as 

lactation or growth of the conceptus upon subsequent conception. Black et al. (2013) did not find 

a significant correlation between RFI measured in the growing stage and the lactating stage for 

74 beef heifers, nor did animals rank with the same RFI classifications between the heifer and 

lactating cow phases. Yet, cows that were classified as low RFI as heifers in one phase still 

consumed 11% less dry matter than medium and high RFI groups measured during another 

phase. Therefore, in that trial, selecting low RFI growing heifers resulted in less feed consumed 

by cows. Regarding the effect of gestation on RFI, one trial found that RFI selection for heifers 

in the growing period was significantly correlated to RFI when heifers were pregnant 

(Manafiazar et al., 2015).  
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 Lastly, diet effects may also be present in RFI repeatability analyses. High forage diets 

are generally associated with a higher degree of reranking for RFI classifications when compared 

to concentrate based diets (Kelly et al., 2010). A ration that is high in forage can induce rumen 

fill effects, which may curb voluntary feed intake for an animal, thus producing behaviour based 

variation in RFI measures that may not be easily accounted for (McDonnell et al., 2016). In a 

trial conducted by Durunna et al. (2011), 58% of cattle fed a growing diet were shown to change 

RFI classification by more than 0.5 SD when they were subsequently fed a higher concentrate 

finishing ration. In contrast, another study involving heifers and steers found growing phase RFI 

classification to be significantly correlated to the RFI classification determined after feeding a 

higher concentrate finishing ration (Cassady et al., 2016). When specifically targeting RFI 

repeatability among different neutral detergent fibre (NDF) levels in dairy rations, Potts et al. 

(2015) found RFI to be very repeatable when cows were offered either high or low NDF diets 

varying in levels of grain, straw, and roughage.  

Concerning grazing behaviour, some trials have found a significant correlation between 

RFI determined when feeding  high forage drylot rations and RFI determined in a pasture 

grazing environment (Manafiazar et al., 2015; Coyle et al., 2016). Although a negative RFI 

classification was associated with reduced DMI among tested cows managed in drylot, there 

were no significant differences in DMI for these cows managed on pasture  (Lawrence et al., 

2013). This lack of significance could have been potentially caused by experimental error 

attributed to the difficulty in measuring forage intake with non-pelleted hay and pasture sampling 

(Meyer et al., 2008). Overall, while prediction of RFI is difficult between periods, reranking may 

also exist in certain periods, especially around the time of puberty. Therefore, there is evidence 
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that RFI selection after the time of puberty may be better accurately assess differences in RFI 

classification in cows.  

 With regards to the interaction of RFI and genetics, RFI classification is thought to be 

moderately heritable. Moreover, in a study involving bulls, RFI was found to be more heritable 

than FCR (Hoque et al., 2006). Heritability estimates (H2) on younger animals have ranged from 

0.18 in feedlot finishing steers and heifers (Robinson and Oddy, 2004), 0.38 and 0.39 in test 

bulls for base model RFI and fat corrected RFI respectively (Schenkel et al., 2004), and up to 

0.60 for a 70 day RFI test period in young animals (Archer et al., 1997). In this last study, it was 

found that 70 days was the optimal number of days needed for environmental variance to be 

accounted for in heritability estimates. When assessing heritability in mature cows, a lower H2 

value of 0.23 was found by Archer et al. (2002). Residual Metabolizable Energy Intake (RMEI), 

a trait that is related to RFI, has demonstrated a heritability estimate between 0.35 and 0.49 

(Goonewardene et al., 2004). Overall, it has generally been found that selection for low RFI will 

result in progeny that consume less feed for a given level of production. However, researchers 

have called for more information on correlations between RFI and maternal productivity traits 

such as lactation and conception rate, as they have shown promise for increasing the amount of 

variation captured in estimating DMI (Arthur and Herd, 2008; Potts et al., 2015).  

2.1.5 Summary for the RFI as a Production Trait 
 RFI, as a linear index trait, offers independence from the constituent traits within its 

models, unlike what is found with ratio traits such as FCR (Arthur et al., 2001a). With RFI, there 

is a greater probability of more predictable genetic change due to placing a predetermined 

amount of selection pressure on production traits. One of the most effective routes for increasing 

beef cattle feed efficiency is through decreasing maintenance requirements. Therefore, RFI is of 
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interest because it does not result in larger frame sizes associated with higher maintenance 

requirements (Arthur and Herd, 2008), and allows researchers to normalize for animals that 

differ in body weight and body weight gain (Koch et al., 1963). Moreover, RFI classification has 

been shown to be moderately heritable (Carstens and Kerley, 2009). However, research has 

encountered challenges pertaining to modelling RFI in mature cows. These include the presence 

of unknown variation with the growth of the conceptus (Owens et al., 1986), and the potential for 

selection of low RFI animals to result in dams that have later calving dates, even when RFI 

classification is corrected for fatness (Basarab et al., 2007). Also, significant RFI class reranking 

has been noted across different maturity stages (Durunna et al., 2012), different physiological 

stages (Black et al., 2013), and when feeding diets high in forage (Durunna et al., 2011). 

Furthermore, if RFI is going to be taken to a farm level, producers may need to measure feed 

intakes for their animals. This would involve a considerable amount of labour and is most likely 

not practical.  

2.2 Altering the Plane of Nutrition for Mid-Gestation Cows 
 During the mid-gestation period, 7 to 9 months since last calving, a mature cow with a 

body weight of 550 kg will require approximately 12.5 Mcal/d in net energy for maintenance 

(NEm), and 543 g/d in metabolizable protein, which is the total amount of protein absorbed from 

the intestines (NRC, 2016).  Alfalfa silage supplies 1.41 Mcal/kg of NEm. Therefore, if a cow 

consumes more than 8.86 kg (DM) of alfalfa silage per day, the plane of maintenance energy 

nutrition for such animal is too high during the mid-gestation period. Because alfalfa silage 

provides an excessive amount of energy relative to these requirements, researchers are, for 

economic purposes, investigating as to whether lower energy, lower protein and low cost 

roughages may be fed to mid to late gestation cows. If too much energy is supplied to a gestating 

animal, such as that which is found with a full alfalfa silage diet, problems may arise, especially 
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in heifers that are still growing into a mature body frame. In heifers, overfeeding may result in 

impaired mammary development (Harrison et al., 1983), and higher incidences of dystocia 

(Robinson, 1977). Conversely, diluting silage diets below energy and protein requirements will 

strain the metabolism of a gestating animal, especially in heifers that are still utilizing energy for 

growth. Underfeeding during gestation results in decreased birth weights (Tudor, 1972) and 

decreased conception rates at subsequent rebreeding (Kroker and Cummins, 1979). However, 

even in a negative energy balance, as mentioned previously, the dam is still capable of sustaining 

the fetus to some degree (Bassett, 1986). Using 72 lactating beef cows, one trial replaced half of 

silage fed with barley straw, with some animals being supplemented with soybean meal 

(Charmley and Duynisveld, 2004). The cows that were not supplemented with soybean meal 

maintained similar calf weaning weights and calf ADG. However, this was accomplished by dam 

weight loss, decreases in BCS, and compromising subsequent reproductive performance. In a 

trial that compared roughages for diluting silage diets, Wood et al. (2010a) fed alfalfa silage with 

either 40% wheat straw or corn stalklage on a dry matter basis. It was found that calves from 

dams fed wheat straw had a significantly greater weaning rate, while also noting that cows 

tended to consume more wheat straw than corn stalklage. The benefits of specific 

supplementation strategies will be explained later in detail; however, the main results of 

supplementing to reach the gestation requirements of the beef cow are a mitigation of the 

harmful effects that present themselves in the absence of such supplementation. These effects 

include reduced calf birth weights, and reduced calf immune response (Shoup et al., 2015a; 

Moriel et al., 2016b; Rooke et al., 2016). With supplementation, trials have noted dams with 

increased body weight gain to next breeding, increased progesterone concentrations at breeding, 

and higher conception rates at next breeding (Moriel et al., 2012; Meteer et al., 2016).  
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 2.2.1 Fat Supplementation   
 The main purpose for the inclusion of fat in a ruminant diet is to increase dietary caloric 

density without significantly reducing dietary fibre (Son et al., 1996). However, it is not advised 

to include fat in a high fibre diet at more than 10%DM. This is because at this level of 

supplementation, fat will tend to coat fibrous feedstuffs, thus preventing microbes and enzymes 

from being able to access it in the rumen (Jenkins, 1993). Researchers are also interested in using 

lipid supplementation as a strategy to enhance reproduction because it is thought that increased 

lipid supply to the cow is able to increase the functional capacity of the ovary (Banta et al., 

2006). It is also thought that dietary lipid supply to the lactating cow is mainly deposited in the 

milk, relieving the cow of having to partition body energy reserves, thereby maintaining good 

condition for subsequent rebreeding (Bell and Bauman, 1997). With regards to specific 

metabolic markers, one study conducted on mature beef cows found that post-partum lipid 

supplementation with safflower seeds reduced serum beta-hydroxy butyrate (BHB) 

concentrations (Lake et al., 2006). This would signal that post-partum lipid supplementation may 

have resulted in cows experiencing less of a negative energy balance.  

 Supplementing fat in gestating cow diets for increased reproductive performance 

generally yields mixed or poor results. For example, dietary fat arising from whole soybean or 

sunflower seeds were not effective in augmenting reproductive performance in a consistent and 

predictable manner (Banta et al., 2008). Indeed, one study reported that lipid supplementation 

actually decreased pregnancy rates in heifers when compared to feeding standard corn and 

soybean based rations (Shike et al., 2013). In a trial involving 96 crossbred heifers, soybean and 

flaxseed based pellets were fed around the time of breeding using artificial insemination (A.I.) 

(Scholljegerdes et al., 2011). Treatment diets in this trial did not affect estrous synchronization or 

conception rate. Safflower seeds have had limited and breed dependent effects on reproduction 
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(Lammoglia et al., 2000). However, in a trial conducted by Dietz et al. (2003), calf hardiness and 

immune response to cold stress were increased by supplementing with safflower seeds. Calcium 

salts of polyunsaturated fatty acids (PUFA) high in linoleic acid were responsible for an 

increased pregnancy rate (42% to 50%) for Bos. Indicus cows in a trial conducted by Lopes et al. 

(2011). In this trial, it was determined that PUFA were superior to saturated fatty acids (SFA) for 

augmenting pregnancy rates during the luteolytic period around the time when A.I. was 

performed. In addition to an overall lack of reproductive effects, Banta et al. (2011) also found 

that dietary fat from sunflower seed supplementation decreased cow body weight during mid-

lactation. Overall, supplementing lipids to augment reproductive performance has not been 

conclusively demonstrated to be effective relative to diets that are not lipid supplemented. 

2.2.2 Protein Supplementation 
 Supplementing cattle with protein has yielded more definitive results on cow 

performance and reproductive parameters than with fat supplementation. In a predominantly low 

quality forage diet, additional protein is thought to be needed for meeting fetal energy and 

protein requirements (Rooke et al., 2016). When maternal undernutrition is prevalent, the dam 

will mobilize body reserves to support fetal growth. When the dam’s diet is limiting in dietary 

energy, dietary protein may be used as an energy substrate for the fetus, with amino acids 

contributing up to 25% of fetal oxidative metabolism (Pere, 2003). Furthermore, adding a protein 

source to a low quality forage ration may increase organic matter intake and digestibility (Oddy 

et al., 1997), and specifically the digestibility of NDF (Sletmoen-Olson et al., 2000). Rumen 

degradable protein (RDP) is used to describe protein that can be hydrolyzed in the rumen, while 

rumen undegradable protein (RUP) is used to describe protein that is unable to be hydrolyzed in 

the rumen (NRC, 2016). Supplementation of the diet with RDP is mainly utilized to meet protein 

requirements for microbes within the rumen. Therefore, studies evaluating  RDP sources mainly 
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focus on ruminal digestion (Zehnder et al., 2010). However, assuming RDP requirements have 

been met, a higher proportion of RUP per unit of protein in a supplement will result in a 

reduction of RDP associated ruminal ammonia production. This is beneficial because ammonia 

is energetically costly to recycle and is potentially toxic to ova, sperm, and embryos (Son et al., 

1996). Exclusive supplementation with a high RDP source will result in higher ruminal ammonia 

concentrations, and will likely not be effective in augmenting cow performance (Baumann et al., 

2004). When paired with a low quality forage (> 50% NDF), RUP sources are beneficial because 

the protein can be broken down post-ruminally with constituent peptides and amino acids 

absorbed to make up for protein deficiency that would, due to nitrogen excretion, be present if 

only RDP was included (Gomes et al., 2016).  

 Researchers have also studied how protein supplementation affects metabolic markers. 

Serum concentrations for insulin Growth Factor 1 (IGF-1) are correlated to better body 

condition, quicker return to estrus, and relatedly, greater dominant follicular growth. 

Supplementing multiparous beef cows post-partum did not affect plasma IGF-1 concentrations, 

but a condition status effect was found, with moderately conditioned cows having higher IGF-1 

concentrations than thin cows (<2.5BCS). (Lents et al., 2008). A similar lack of protein 

supplementation effects results have been found for IGF-1 and Nonesterfied Fatty Acids (NEFA) 

when specifically supplementing RUP to heifers (Engel et al., 2008). During lactation, RUP 

supplementation was shown to decrease plasma glucose concentrations (Rusche et al., 1993). 

This was attributed to more glucose within the body being sent to the mammary glands for 

lactose synthesis due to glucogenic amino acids serving as precursors for glucose production. 

During gestation, feeding RUP does not seem to affect glucose concentrations (Radunz et al., 

2010; Wood et al., 2010b). Blood Urea Nitrogen (BUN) is an indicator of deamination of 
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proteins and peptides, whether endogenous or exogenous (Baumann et al., 2004). BUN 

concentrations can increase if protein is supplemented above requirements (Waterman et al., 

2006), as the main causes for increased BUN concentrations are found by way of the differences 

in amount of protein fed and ruminal degradation of protein, as RUP is not degraded within the 

rumen (Dhuyvetter et al., 1993; Wood et al., 2010b). Insulin release is stimulated, in part, by 

increased amino acid (AA) supply to the intestines (Geppert et al., 2016). Protein sources high in 

RUP have increased insulin secretion relative to feeding RDP sources or forage alone (Larson et 

al., 2009; Radunz et al., 2010).  

 The most apparent benefit of RUP supplementation prepartum is an increase in ADG and 

greater BCS. Dried Distillers Grains and Solubles (DDGS) is a protein supplement especially 

high in RUP and has been used to increase animal performance and body condition (Engel et al., 

2008; Larson et al., 2009; Wood et al., 2010b; Shoup et al., 2015a; Summers et al., 2015b). 

Although these studies found higher gains in gestating cows when feeding DDGS, Radunz et al. 

(2012) did not find this when supplementing DDGS. Other sources of protein that are lower in 

RUP such as sunflower meal, cottonseed meal, and soybean meal have found improved gains 

with feeding a protein source with high amounts of  RUP (Bowman et al., 2004; Stalker et al., 

2006; Banta et al., 2008). However, Stalker et al. (2006) found increased prebreeding and pre-

calving BCS when supplementing sunflower and cottonseed (Stalker et al., 2006). With respect 

to other cow performance parameters, calf morbidity does not seem to be affected by RUP 

inclusion in the diet (Shoup et al., 2015a; Wilson et al., 2015), while birth weights were greater 

(Radunz et al., 2010; Wilson et al., 2015) feeding  RUP over RDP, or not affected (Wood et al., 

2010b). 
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 Since a major goal of increasing live weight gain in cows is to increase reproductive 

performance in cows, RUP supplementation prepartum has been studied in more detail for this 

purpose. When supplementing RUP, higher pregnancy rates were  reported in comparison to 

feeding to meet only crude protein requirements with RDP from hay and pasture (Patterson et al., 

2003; Engel et al., 2008). In a trial involving 326 grazing multiparous cows supplemented with 

DDGS, Shoup et al. (2015) reported increased conception rates while overall pregnancy rates 

were unaffected. Similar trials involving grazing cows being supplemented with DDGS have 

also found no effects on pregnancy rates compared to no supplementation or supplements higher 

in RDP such as corn grain (Larson and Funston, 2009; Radunz et al., 2010; Gunn et al., 2014). 

Geppert et al. (2016) compared feeding Corn Gluten Meal (CGM), a high RUP source versus 

SBM, a high RDP source on reproductive parameters such as ovulatory follicle and corpus 

luteum development. Feeding CGM increased the size of the dominant ovulatory follicle at 

luteolysis versus feeding SBM; this was attributed to the differences in amino acid profiles for 

the RUP and RDP sources (Geppert et al., 2016). Overall, these trials suggest that although 

ovarian function can be increased by a higher proportion of RUP, results are inconsistent in 

regards to age at puberty and pregnancy rates (Rasby and Funston, 2016). 

 Prepartum protein supplementation has also garnered interest because of fetal 

programming effects. Fetal programming refers to how maternal nutrition during pregnancy 

affects the fetus in utero and after parturition (Moriel et al., 2016a). When feeding low quality 

forage diets, prepartum metabolizable protein (MP) restriction can decrease the upregulation of 

genes associated with progeny muscle development (Kincheloe et al., 2016). MP relates to the 

sum of microbial protein and RUP digested into amino acids and absorbed from the small 

intestine (NRC, 2016). Moreover, RUP supplementation for dam effects on progeny have been 
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generally successful with regards to calf rate of gain and carcass quality.  Summers et al. (2015a)  

examined the progeny of dams supplemented with RUP during gestation and found lower 

progeny RFI values, increased 12th/13th rib fatness, and decreased meat shear force versus the 

absence of RUP supplementation. However, progeny feedlot ADG and hot carcass weight 

(HCW) were unaffected by RUP supplement inclusion. Other studies found that by providing 

RUP to dams during gestation, marbling score and meat quality increased for their progeny 

(Larson and Funston, 2009; Shoup et al., 2015b), along with heavier calf birth weights and 

greater preweaning ADG (Gunn et al., 2014; Rooke et al., 2016). These studies contrast with 

four other studies that found no effects on progeny performance or meat quality when fed either 

DDGS or high RDP cottonseed meal (Stalker et al., 2006; Radunz et al., 2012; Shoup et al., 

2015b; Wilson et al., 2015;). When energy and protein are limiting, providing RDP in the diet 

can increase heifer progeny reproductive performance by way of increasing body condition as 

RDP is required for rumen microbes to produce the necessary VFAs for body energy.  Martin et 

al. (2007) added sunflower and cottonseed meal to diets for beef cows in late gestation and found 

that heifer progeny pregnancy rates increased and calving interval decreased for cows cows 

supplemented with RDP.   

2.2.3 Gluconeogenic Precursors 
 Glucose is an important energy source for specific ruminant organs and tissues, fetus, 

milk production, as well as for fatty acid synthesis (Lindsay, 1971). However, minimal intestinal 

absorption of dietary glucose occurs in ruminants, due to ruminal carbohydrate fermentation and 

the production of VFAs. Besides the use of lactate, glycerol, and glucogenic amino acids for 

glucose synthesis in the body, propionate accounts for around 30% of ruminant glucose 

production (Brockman, 2005). Propionate is a product of ruminal microbial fermentation and is 

absorbed through the rumen epithelium. It is then transported by blood to the liver, where it is 
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converted into oxaloacetate (OAA). According to Wiltrout and Satter (1972), there are two paths 

for this newly formed OAA. It is directly converted into pyruvate and then to glucose; or OAA 

can enter the Krebs cycle and exit as pyruvate, which is then converted to glucose  (Wiltrout and 

Satter, 1972). Since propionate has a major contribution to gluconeogenesis in the ruminant, 

researchers have been interested in supplementing exogenous propionate to complement diets 

consisting of low quality roughages where propionate production is limited. This is because low 

quality roughage diets are high in NDF with low amounts of glucose found in the cell contents 

for microbial breakdown. Therefore, ruminal acetate production will be favoured over propionate 

production during microbial fermentation in the reticulorumen. This decrease in ruminal 

propionate production will limit glucose availability to the gestating animal (Sanchez et al., 

2014). In addition to the primary roles of glucose, glucose is also required for acetate oxidation. 

When acetate cannot be oxidized, ketone accumulation and insulin sensitivity ensues (Waterman 

et al., 2006). A lack of glucose necessitates the breakdown of adipose reserves for energy needs. 

This may cause fat accumulation in the liver, which may itself reduce the gluconeogenic 

potential of the liver, further compounding the problem (McNamara and Valdez, 2005). Thus, 

glucose is needed for efficient metabolism. The addition of calcium propionate to ruminant diets 

has ameliorated some of these previously mentioned effects. Calcium propionate has been tested 

as a gluconeogenic precursor in mainly lactating cattle (Waterman et al., 2006; Mulliniks et al., 

2011b; Mulliniks et al., 2011a). In a trial involving 379 cows, calcium propionate was tested as a 

supplement versus feeding cottonseed meal and soybean meal (Mulliniks et al., 2011b). 

Increased pregnancy rates, serum glucose concentrations, as well as a decreased time to estrus 

were found supplementing RUP and calcium propionate versus either no supplement or only 

RUP. A similar study in younger animals found similar results, except that only a tendency was 
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found with pregnancy rates in cows fed 80g of calcium propionate versus 0g or 40g. (Mulliniks 

et al., 2011a). The main biomarker that the addition of calcium propionate has been shown to 

positively affect is plasma glucose concentrations (Sumner et al., 2007; Liu et al., 2010; 

Mulliniks et al., 2011b), with insulin also being increased, presumably triggered by increased 

glucose concentrations. Since glucose concentrations are elevated when calcium propionate has 

been added to the diet, plasma NEFA concentrations decreased in animals supplemented with 

calcium propionate (Sumner et al., 2007; Liu et al., 2010; Yasui et al., 2014; Melendez et al., 

2017). This is likely due to propionate-based glucose supplies sparing adipose reserves from 

breaking down into circulating NEFA. However, adding calcium propionate to the diet generally 

does not affect body weight gain or BCS (Waterman et al., 2006; Mulliniks et al., 2011b). 

Therefore, researchers assume that exogenous propionate supply to the cow does not increase 

reproductive performance by way of inducing positive energy balance, but must work through 

another mechanism to achieve higher conception rates.     

2.2.4 Reducing Protein and Energy Supplementation Frequency 
 Previous studies have been cited where researchers supplemented the diet with a source 

of fat, protein, or calcium propionate to help meet nutrient requirements and impact performance 

and body condition. These supplemented diets are generally fed on a daily basis. Decreasing the 

frequency of supplementation for low quality diets is also of interest because of the labour costs 

involved with daily supplementation along with the cost of the supplement. Low quality forage 

diets often need to be supplemented with protein along with energy. This is because only 

supplementing energy, such as using high starch cereal grains, will lower the pH of the rumen 

and reduce the action of fibre digesting microbes, resulting in lower NDF disappearance rates, 

which reduces overall diet digestibility (Loy et al., 2007). As mentioned previously, low quality 

forage diets are often limiting in rumen degradable protein (RDP); supplementation with RDP 
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will therefore be beneficial to the rumen microbial community. However, assuming RDP 

requirements have been met, a rumen undegradable protein (RUP) supplement may be superior 

to yet more RDP, since RUP is not as easily converted to urea or microbial protein (Bohnert et 

al., 2002). Therefore, for the purpose of providing amino acids to the animal, RUP inclusion in a 

supplement may benefit a strategy to reduce protein supplementation frequency by its ability to 

escape the rumen to be presented for breakdown in the small intestine, thus potentially retaining 

more dietary nitrogen. 

 The main results from decreasing the frequency of supplementation from daily to three 

times per week in the past are an increase in the variation of DMI, as well as serum NEFA, 

glucose, and IGF-1, since palatable nutrient dense supplements encourage DMI and thus result in 

metabolite fluctuation if not given daily  (Cooke et al., 2008; Moriel et al., 2012; Moriel et al., 

2016a). BCS and live body weight are not affected by decreasing the frequency of 

supplementation (Schauer et al., 2005; Drewnoski et al., 2011), provided that a similar level of 

protein is provided on a weekly basis (Beaty et al., 1994). These studies also indicate that days to 

puberty for heifers may increase for three times per week supplementation, as infrequent 

supplementation is correlated to decreased circulating progesterone concentrations (Cooke et al., 

2008). However, decreased progesterone concentrations were not found in Cappellozza et al. 

(2015) which evaluated once per week supplementation and found no difference in overall 

reproductive performance in non-lactating mature beef cows fed the supplement daily or three 

times per week. Alternate day supplementation frequency was also tested by Klein et al. (2014). 

Every other day supplementation in that study decreased DMI and blood urea nitrogen (BUN) 

concentrations but did not affect  mature cow body composition and calf performance. 

Drewnoski et al. (2014) examined alternate day supplementation as compared to daily 



31 
 

supplementation in steers.  These researchers found that although supplementing with high 

protein supplements is likely to cause a reduction in forage intake, rate of gain remained the 

same as daily supplementation. The decrease in forage intake despite maintenance of production 

was attributed to increased dietary protein supply, as well as higher IGF-1 levels in alternate day 

supplemented animals; with heightened IGF-1 levels indicating positive energy balance and 

increased protein synthesis. Furthermore, higher insulin levels in alternate day supplementation 

may have been responsible for amino acids being spared from gluconeogenic pathways, and 

instead being incorporated for growth. By cattle consuming less forage and yet maintaining the 

same level of production, Drewnoski et al. (2014) concluded that alternate day supplementation 

may result in increased feed efficiency compared to cattle that were not fed a supplement on a 

daily basis. Regarding weekly supplementation, concerns have been raised pertaining to large 

amounts of variation in circulating metabolites, which would presumably affect performance 

(Anez-Osuna et al., 2017). However, when performing weekly supplementation, there is 

evidence that nitrogen concentrations are sufficiently maintained within the animal, as the less 

frequent a protein supplement is fed, the longer that animal will take to reach peak blood urea 

nitrogen concentrations (Huston et al., 1999). In the latter study, BUN levels for weekly 

supplemented animals were greater than levels for control (no supplement) animals until five 

days after supplementation. Therefore, it seems that the rumen is able to handle increased but 

less frequent dietary protein supplementation by maintaining nitrogen status in the body. Excess 

ammonia will not be produced unless ruminal microbes are unable to sequester available 

nitrogen. This is supported by Wickersham et al. (2008)  where three times per week 

supplementation with rumen degradable casein did not significantly increase ammonia 

production compared to daily supplementation of 61 g/d CP. However, at 183 g/d CP 
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supplementation, the rumen adaptation ability was overcome with excess nitrogen 

concentrations, as evidenced by increased urinary nitrogen output.  

2.3 Conclusion 
 The greatest economic challenge facing beef producers is the cost of feed. Therefore, 

research should be conducted to decrease feed costs as well as increase feed efficiency. The mid 

to late gestation period of the beef cow presents an opportunity to reduce the cost of feed because 

feeding a ration consisting of mainly alfalfa silage is nutritionally excessive during this period; in 

that overfeeding may result in dystocia and reduce cost efficiency compared with rations that do 

not exceed energy and protein requirements. Based on the preceding literature, it is hypothesized 

that strategic supplementation of low quality forage diets with bypass protein (RUP) and 

gluconeogenic precursors will result in lowered costs of production while maintaining cow 

performance. Without supplementation, cow and calf performance may be reduced with 

potentially negative implications on a cow’s ability to maintain body condition, return to estrus, 

and wean a healthy calf. To save on labour costs, according to the literature, such a supplement 

would be able to be dispensed less frequently than daily, without having a significant negative 

effect on cow or calf performance. In addition to meeting RDP requirements, an RUP 

supplement will need to be incorporated into a low quality forage ration to meet gestation protein 

requirements. Supplementation with a gluconeogenic precursor may be beneficial to offset 

limited gluconeogenesis from dietary substrates or metabolites occurring with feeding high NDF 

roughages that mainly promote ruminal acetate production. The effects of these supplementation 

strategies on RFI classification also need to be studied. An RFI model involving mature beef 

cows is likely to have a low coefficient of determination relative to RFI measured in growing 

steers or heifers. Furthermore, diet and physiological stage may also present problems for whole 

year RFI modelling, in that they may affect how a mature cow ranks in RFI classification.  
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3.0 Materials and Methods 

3.1 Animals 
The following trial was conducted at the Elora Beef Research Station 

(N43ᴼ38’43.3”,W80ᴼ24’43.668”; Latitude: 43.645361, Longitude: -80.41213) located 4.5 

kilometres south of Elora, Ontario. All proposed uses of beef cattle were approved by the 

University of Guelph Animal Care Committee who based their approval for the trial on the 

guidelines found in the Canadian Council on Animal Care (1993). The cattle used in the study 

were predominantly Angus-Simmental cross.  

On January 9, 2017, 93 primiparous or multiparous cows were allocated to five different 

nutritional management regimen treatment groups. Cows ranged in age from 2 to 15 (average 5.9 

years ± 2.4 years) years of age, weighed 727 ± 102 kg, and were 168 ± 15 days in gestation. 

During the previous year, the majority of cows grazed pasture from late May to October, while a 

minority of the cows remained in drylot conditions being fed ad libitum alfalfa/grass haylage. All 

calves were weaned before November 8, 2016. Up until January 9, 2017, all cows were housed 

in drylot conditions and fed a diet consisting of corn silage and haylage. Drylot pen dimensions 

were 11 metres by 5.5 metres. 20 pens were used in the study with stocking densities ranging 

from 4 to 6 animals per pen. One half of the pen consisted of a covered deep bedded straw pack 

while the other half consisted of an open-air, cement alleyway that was scraped daily. At the end 

of the cement relative to the straw pack were individual feed bunks equipped with Calan gates to 

enable determination of feed intake on an individual animal basis (American Calan Inc., 

Northwood, NH). This system relies on electronic keys attached to each cow’s collar to grant 

access to only a specific cow’s individual feed bunk. As a cow leaves the bunk, the gate to the 

bunk closes which prevents other cows from stealing feed. Cows in the trial were trained to eat 

from their individual bunks for two weeks prior to trial commencement on January 9, 2017.  
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The five treatment groups were allocated based on blocking by age, body condition score 

(BCS) (Lowman et al., 1976), and previous residual feed intake (RFI) classification. For the 

2017 trial, previous RFI classification refers to RFI determined during the 2016 trial period. 

Cows were blocked by treatment so that the average age, BCS and RFI classification were 

similar across nutritional management regimen treatment groups. RFI classification pertains to 

cows being divided into three groups based on RFI value standard deviations, whereby low RFI 

cows had RFI values below 0.5 standard deviations of the mean RFI; high RFI cows being above 

0.5 standard deviations of the mean RFI; medium RFI within 0.5 standard deviations of the 

mean. Cows were allocated to pens based on treatment group with four pens per nutritional 

management regimen treatment. In addition, pen allocation was based to house cows with similar 

calving dates where possible. This was to ensure that disease was not spread by having older 

calves raised in close proximity to younger calves. RFI classification used for allocation to 

nutritional management regimen was based upon a previous study conducted in 2016 using 

similar dietary treatments. Pregnant heifers that were not part of the previous trial had RFI 

calculated from a post-weaning growth trial using Calan gates. In the current study, feed intake 

data were collected from January 9, 2017 until June 4, 2017. During late January, it was 

suspected that one cow from the positive control treatment (HAYL diet) was not pregnant. This 

was confirmed by palpation performed by a licensed veterinarian on February 4, 2017.  

At the onset of the calving season (April 2, 2017), groups of three pens on the same 

nutritional management regimen were combined to allow for the creation of a creep area in one 

of the bedded straw pack areas. This allowed calves to be able to leave the presence of older 

animals as well as granting them access to a starter supplement. Within 24 hours of calving, 

calves were weighed, as well as being administered Dystocel (1 mL/45 kg of body weight) for 



35 
 

the prevention of White Muscle disease. Calving season ended on June 4, 2017. During the 

calving season, 8 sets of twins were born. Cows were permitted to suckle twins if the cow 

appeared to have enough milk for both calves based on the research station staff’s subjective 

evaluation of the cow’s lactational performance in the past and the size of udder near the time of 

parturition. If the cow did not appear to have enough milk, one calf was removed in an attempt to 

foster the calf to a cow without a calf. Six calves died during the trial. Four (one calf each from 

dams allocated to all treatments except MSHAYL supplemented twice per week) were stillborn. 

One calf (from a dam allocated to MSHAYL without supplementation) was euthanized at 20 

days of age due to being dull and not drinking enough milk. Lastly, one calf was crushed by an 

aggressive cow from the HAYL regimen. Three of the cows who lost calves (two from 

MSHAYL without supplementation and one from HAYL) were allowed to go dry due to there 

not being any available foster calves at the time of their own calf’s death. Two of the cows that 

went dry had feed intake and live body growth data collected; however none of the dry cows 

were monitored for blood metabolites or progesterone concentrations. Gestation data from cows 

who lost calves were not removed, since nutritional management regimen could potentially have 

effects on calf mortality. 

As cows calved, they were switched from their treatment diets to a pure haylage ration 

with the same vitamin-mineral premix (Appendix Table 3) provided as with their gestation 

rations. Due to an increase in energy requirements for lactating cows, drylot cows were switched 

on May 18 to a haylage and corn silage ration (85% haylage, 15% corn silage, DM-basis) along 

with a vitamin-mineral supplement. As lactating cow energy requirements decreased, drylot 

cows were switched on June 29, to a haylage and straw ration (74% haylage, 26% millet Straw, 

DM-Basis), along with a vitamin-mineral supplement.  
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On May 26, 2017, cows were allocated to either graze on pasture or remain in drylot. 

Cow-calf pairs were allocated in such a way as to allow equal numbers of treatment groups and 

RFI classifications (high, low, medium) to go to pasture and remain in drylot. Overall, 64 cow-

calf pairs were allocated to 16 pasture fields, resulting in 4 cow-calf pairs per field. Cows 

allocated to pasture were further allocated to fields to ensure no field contained more than one of 

the same gestational nutritional management regimens. Wherever possible, RFI classification 

was also balanced within fields. No cow was sent to pasture prior to being 20 days in milk. Due 

to another research trial involving calf immunity, most cows could not be sent to pasture before 

becoming 45 days in milk. At all times on pasture, cows had free access to water as well as a 

vitamin-mineral premix including salt.  

The breeding season began on June 2, 2017 and ended on August 25, 2017. Gestation 

length for the present trial was defined as the difference between the date of conception and the 

date of parturition. Standard breeding procedures were followed according to the EBRS breeding 

program. During the mornings, vasectomized teaser bulls were rotated through pens and fields. 

Observation of the field or pen occurred during this time to monitor signs of estrus in the cows; 

this was defined as mucus discharge from the vulva, vulva sniffing by teaser bulls, mounting of 

other cows or standing to be mounted. If a cow demonstrated these signs, they were selected to 

be bred by artificial insemination. Cows were bred a maximum of three times, after which they 

were destined to be culled due to failure to conceive. Calves were weaned from their mothers 

October 14, 2017. On November 8, 2017, a licensed veterinarian palpated the cows to assess 

pregnancy status. After this time, cow and calf post-weaning live body weights were recorded.   



37 
 

3.2 Animal Performance 
 Cows were weighed beginning on December 13, 2016, where average day in gestation 

was 147 ± 15 days. These body weights were also used to allocate cows to specific nutritional 

management regimens. However, the next weighing was not conducted until January 4, 2017. 

After January 4, weighing cows continued on a normal schedule, as explained later. When the 

trial commenced on January 9, 2017, all cows were in second trimester, less than 207 days in 

gestation. By January 23, 2017, 5 cows were in third trimester, with the rest being in second 

trimester. By March 21, 2017, all cows were in third trimester.  

3.2.1 Trial Diets 

 Nutrient composition of diets are presented in Table 1 for 2016 and Table 2 for 2017. 

Nutrient compositions of diets were calculated from measured dry matter intakes for ingredients. 

Before the trial, cows consumed a ration consisting of corn silage and haylage. Five different 

nutritional management regimens were formulated for the trial. Nutritional regimens were 

allocated to ensure 4 pens per nutritional management regimen. For a positive control (HAYL; 

Treatment 1), cows received 70% haylage and 30% millet straw on a dry matter basis, as well as 

a vitamin-mineral premix (Appendix Table 4). For a negative control (MSHAYL; Treatment 2), 

cows received 1% of their body weight in haylage on a dry matter basis, as well as a vitamin-

mineral premix and ad libitum millet straw. The last three nutritional management regimens were 

based on feeding the MSHAYL diet along with a corn gluten meal based protein supplement fed 

during the last 75 days of gestation. All animals were offered the same amount of supplement per 

week on a BW basis, but were fed the supplement at different intervals per week, as outlined in 

Table 3. The supplement contained (as-fed basis): 54.6% corn gluten meal, 23.4% soybean meal, 

21.0% calcium propionate and 1.0% tallow. The supplement was weighed individually in bags 

and fed at a rate of 0.22% of body weight per week on an as-fed basis. All diets were formulated 
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according to the NRC (2000) (Appendix Table 2). The HAYL diet was formulated in such a way 

to exceed the nutrient requirements for a gestating beef cow. The MSHAYL diet (with no 

supplementation) was formulated to meet late gestation protein requirements; however, energy 

requirements were not met by this diet. The MSHAYL with supplement diets were formulated to 

meet the nutritional requirements for a cow in second or third trimester of gestation. These diets 

were fed until calving. 

3.2.2 Body Weights and Body Condition Score 

 Before the start of the trial, cows were weighed on two consecutive days starting January 

4, 2017. Cows were then weighed every 14 days until calving to measure the change in live 

weight during the second and third trimesters. Post calving weights were conducted 4 to 7 days 

after calving to normalize the weighing procedure for cows that may have retained their placenta. 

Weighing was conducted every 28 days after the calving season concluded on all cows, whether 

cows were managed in drylot conditions or on pasture. To calculate average daily gain (ADG) 

for a given period, the change in live body weight was divided by the number of days between 

the first and last weighing events within a given period. To differentiate between cow live body 

weight and the weight of the growing conceptus during gestation, a conceptus adjustment was 

calculated and subtracted from live body weight to yield conceptus adjusted average daily gain 

(ADGAdj). The equation used to calculate the weight of the conceptus was: 

Weight of Conceptus (kg) = (Calf Birth Weight (kg) × 0.01828) × e[(0.02t)-(0.0000143t)t], 

where t is the day of gestation (NRC, 2000).  

   

Feed conversion ratio was calculated for the gestation period by dividing the gestation daily dry 

matter intake by ADGAdj. To calculate metabolic body weight (MBWT), an average was taken 
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for all the live body weight measurements for a given period of time. This value was then raised 

to the power of 0.75 (Herd and Bishop, 2000).   

All trial cows were body condition scored whenever live weights were recorded. Body 

condition was scored according to (Lowman et al., 1976), who divided body condition into six 

classes: 

0. The animal is emaciated with the spinous processes, hip bones, tail head and ribs 

projecting prominently. No fatty tissue can be detected and the neural spines and 

transverse processes feel very sharp.  

1. The individual spinous processes are still fairly sharp to the touch and there is no fat 

around the tail head. The hip bones, tail head and ribs are less prominent but appear less 

obvious. 

2. The spinous processes can be identified individually when touched, but feel rounded 

rather than sharp. There is some tissue cover around the tail head, over the hip bones and 

the flank. Individual ribs are no longer visually obvious. 

3. The spinous processes can only be felt with firm pressure. The areas on either side of 

the tail head now have a degree of fat cover which can be easily felt.  

4. Fat cover around the tail head is evident as slight “rounds”, soft to the touch. The 

spinous processes cannot be felt even with firm pressure and folds of fat are beginning to 

develop over the ribs and thighs of the animal. 

5. The bone structure is no longer noticeable and the animal presents a “blocky” 

appearance. The tail head and hip bone are almost completely buried in fatty tissue and 

folds of fat are apparent over the ribs and thighs. The spinous processes are completely 

covered by fat and animal’s mobility is impaired by the large amount of fat carried. 

 

Body condition score was conducted by first palpating the transverse process at the 4th and 5th 

lumbar vertebrae to feel the degree of fat cover. The neural spinal processes were also palpated 

at that time. Afterwards, the degree of fat was palpated over the tail head region. Following that, 

the amount of fat cover over the ribs was felt as well as assessing any degree of fat accumulation 

over the leg areas. This was all conducted to systematically and objectively score cows according 
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to the aforementioned classes. Change in body condition was calculated as the difference 

between the final and initial scores for a given period.  

3.2.3 Calf Live Body Weight Measurements 

As previously mentioned, calves were weighed within 24 hours of birth. This live body 

weight value was used as the birthweight value (kg). Calves were weighed every 28 days at the 

same time as cows were weighed, beginning on June 14, 2017. A live body weight measurement 

was collected on calves prior to entering pasture, as well as when exiting pasture. To calculate 

average daily gain (ADG) for calves, a linear regression was performed using SAS 9.4 (SAS 

institute Inc. Cary, NC) for the interval in which live body weight measurements were taken.  

3.2.4 Ultrasonic Body Composition Measurements 

 Ultrasonic measurements of body composition were assessed four times during the trial. 

This was conducted before trial commencement (November 22nd-23rd, 2016), prior to calving 

(March 29th-30th, 2017), prior to pasture allocation (May 24th-25th, 2017) and (after weaning 

(November 22nd-23rd, 2017). Three ultrasound images were captured by a trained technician 

using an Aloka SSD-500 ultrasound unit (Corometrics Medical Systems, Wallingford, CT) 

equipped with a 17 cm transducer. To ensure maximum contact, and therefore a high-quality 

image, canola oil was used as a couplant between the cow’s hide and the ultrasound transducer. 

Furthermore, hair was strategically clipped from the hide if the hair impeded ultrasound image 

capture. For subcutaneous rib fat depth (cm), the transducer was placed over the fourth quadrant 

of the longissimus dorsi muscle ventral to the spine at the interface of the 12th and 13th ribs. 

Longissimus dorsi muscle area (rib eye area; cm2) was also measured at this site. The 

subcutaneous rump fat depth (cm) was measured at the intersection of the biceps femoris and 
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gluteus medius muscles between the hook and pin bones. After these images were captured, a 

single trained technician interpreted the images using the ImageJ computer program (NIH, 

Bethesda, Maryland). This program was used to determine the minimum subcutaneous fat depth 

over the longissimus dorsi muscle as well as the intersection of the biceps femoris and gluteus 

medius. Longissimus dorsi muscle area was also determined from the appropriate image. 

3.2.5 Blood Serum Collection and Analysis 

Blood samples collected for a previous trial on November 23, 2016 were counted as the 

initial samples for the current trial. Further sampling for the current trial began on February 1, 

2017. Every 28 days, blood samples were collected 2 hours post-feeding into 10 mL tubes by 

way of jugular venipuncture with two tubes of blood collected for each cow. Samples remained 

at room temperature as they clotted. Within three hours, blood samples were centrifuged 

(Thermo Fisher Scientific, Langenselbold, Germany) for 20 minutes at 3700 revolutions per 

minute (RPM). After centrifugation, the serum supernatant was pipetted into PVC plastic tubes, 

and stored at -20ᴼC until further analysis. Serum samples were analyzed at the University of 

Guelph Animal Health Laboratory (Guelph, ON) using a Cobas 6000 c501 biochemistry 

analyzer (Roche Diagnosis, Laval, QC). To determine values for the metabolic profile analysis of 

serum samples, procedures included: CA2: ACN698 for calcium concentration, PHOS2: 

ACN714 for phosphorus concentration, MG-2: ACN701 for magnesium concentration, NA-K-Cl 

Gen.2 for sodium, potassium, and chloride concentrations, TP2: ACN678 for total protein 

determination, ALB2: ACN413 for albumin determination and albumin/globulin ratio, 

UREAL:ACN418 for urea determination, GLUC3: ACN717 for glucose concentration, GGTI2: 

ACN220 for gamma-glutamyl transpeptidase determination, ASTL: ACN687 for aspartate 

aminotransferase determination, GLDH3: ACN588 for glutamate hydrogenase determination, 
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CHO2I: ACN798 for cholesterol determination, RANBUT: D-3-Hydroxybutyrate (Randox 

Labortories-US, Ltd, Kearneysville, West Virginia) for beta-hydroxybutyrate determination, 

NEFA (Randox Labortories-US, Ltd, Kearneysville, West Virginia) for nonesterified fatty acid 

determination. Haptoglobin determination was based on the work of (Makimura and Suzuki, 

1982).      

3.2.6 Feed Intake Determination 

 All cows were fed once per day between 8:30 AM and 10:30 AM. The HAYL diet and 

millet straw for the limit fed haylage regimens were fed ad libitum in such a way that if a cow 

had no refusals left over from the previous day, that diet or ingredient would be increased by 

10% for the next feeding event. The haylage for MSHAYL regimens was fed based on the most 

recent measurement of live weight. Weekly feed samples of the HAYL diet, haylage and millet 

straw were collected to determine the dry matter content of feed dispensed. The corn gluten 

meal-based supplement was assumed to maintain a dry matter level of 90%. Every 14 days, 

refused feed was removed from the bunk, weighed, and discarded. A sample was collected from 

the refused feed for determination of dry matter content. To determine cow dry matter intake 

(DMI), the product of the refused feed weight and dry matter value of the feed refusal sample 

was subtracted from the product of the as-fed feed dispensed and dry matter value of the diet or 

feed samples. For the limit fed haylage groups, it was observed that selection against millet straw 

was present. Therefore, in dry matter intake calculations, the weight of dry refusals was simply 

subtracted from millet straw dry matter fed. Thus, it was assumed that all haylage, supplement 

and premix were entirely consumed. For the HAYL group, refusals were subtracted in a 

proportional manner for haylage and millet straw. However, it was assumed that the HAYL 

group consumed all premix offered. Likewise, the lactation diet was also assumed to be 
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consumed in a proportional manner to that which was offered. Bearing this in mind, feed intake 

datasets for different time periods were created. Individual dry matter intake determinations were 

available on a per two-week basis beginning January 9, 2017. Therefore, second trimester feed 

data incorporated all full dry matter determinations at two-week intervals before a cow reached 

207 days in gestation. If an interval included the 207th day of gestation, that interval was 

excluded from the dataset. Seven cows did not have a full interval for the second trimester. For 

the third trimester, all intervals after the 207th day of gestation, as well as before calving were 

included. Likewise, for the lactation period, all full intervals after calving were included. In 

addition, if a cow did not finish a feed intake collection interval before being sent to pasture, that 

interval was excluded from the lactation dataset. 

3.3 Feed Analysis 
 Dry matter percentages were determined on weekly feed samples and feed refusals in 

duplicate. Since feed refusal collection was carried out over two days, the first half of samples 

were processed immediately for dry matter determination, while the other half of samples were 

stored at -20ᴼC due to space constraints in the drying ovens. All weekly feed samples were 

stored in a standard chest freezer at the Elora Beef Research Station before dry matter analysis. 

For dry matter determination, approximately 200 grams of the as-fed sample were weighed into 

aluminum trays. These trays were then placed in a Hotpack Tru-temp forced air oven (Hotpack 

Canada LTD, Waterloo, Ont). Trays were evenly distributed throughout the oven and allowed to 

dry at 60ᴼC for 48 hours. Trays were removed after this time and re-weighed in order to 

determine the dry matter content, which is the proportion of sample dry weight to sample wet 

weight [(Dry Sample Weight and Tray – Tray Weight)/(Wet Sample Weight and Tray – Tray 

Weight)]. After dry matter determinations, weekly feed samples were ground using a Thomas 

Wiley feed grinder (Wiley Mill, Arthur H. Thomas, Philadelphia, PA) to pass through a 1 mm 
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screen. Samples were composited by month and sent to A & L Canada Laboratories Inc. 

(London, ON) for additional laboratory analyses. 

 To determine metabolizable energy (ME) intake, the amounts of each ingredient 

consumed on a dry matter basis were then multiplied by the percent total digestible nutrients 

(TDN) content according to (NRC, 2000). These ingredient values (kg TDN) were then 

multiplied by 4.4 to yield the digestible energy content of the consumed feed (Mcal DE). After 

that, DE was multiplied by 0.82 to yield Mcal Metabolizable Energy (ME). Finally, for a given 

period, ME was divided by the number of period days to yield Metabolizable Energy Intake per 

day (MEI/d).  

[1] TDN (kg) = Feedstuff Consumed (kg DM) × %TDN of Feedstuff 

[2] DE (Mcal) = TDN (kg) × 4.4 

[3] ME (Mcal) = DE (Mcal) × 0.82 

[4] MEI/d = ME (Mcal) / Number of Days 

3.4 Pasture Management and Analysis 
 In 1985, 8 of the 16 pasture fields at the Elora Beef Research Centre were seeded with a 

mixture of meadow brome (2.7 kg ha-1) (Bromus biebersteinii Rom & Schult. ‘Regar’), smooth 

brome (2.0 kg ha-1) (Bromus inermis Leyss. ‘Saratoge’), timothy (1.1 kg ha-1) (Phleum pretense 

L. ‘Salvo’), orchardgrass (1.3 kg ha-1) (Dactylis gloterata L. ‘Kay’), common meadow foxtail 

(1.3 kg ha-1) (Alopecurus pratensis L.), common Kentucky bluegrass (1.6 kg ha-1) (Poa 

pratensis L. ), alfalfa (4.0 kg ha-1) (Medicago sativa L. ‘Spredro 11’ and ‘Roamer’), ladino white 

clover (2.0 kg ha-1) (Trifolum repens L. ‘Sacrmento’) and birdsfoot trefoil (4.0 kg ha-1) (Loctus 

corniculatus L. ‘Leo’). The other 8 fields were seeded with a mixture of meadow brome (5.3 kg 

ha-1) (Bromus biebersteinii Rom & Schult. ‘Regar’), smooth brome (2.0 kg ha-1) (Bromus 
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inermis Leyss. ‘Saratoge’), timothy (2.2 kg ha-1) (Phleum pretense L. ‘Salvo’), orchardgrass (2.6 

kg ha-1) (Dactylis gloterata L. ‘Kay’), common meadow foxtail (2.7 kg ha-1) (Alopecurus 

pratensis L.) and common Kentucky bluegrass (3.1 kg ha-1) (Poa pratensis L.).  

Within these 16 pasture fields (1.2 hectares per field), each field contained 8 equally 

sized paddocks (0.15 hectares per paddock). A lane ran down the centre of the field to provide a 

constant open access to water and a mineral supplement, as well as to facilitate rotational grazing 

among the paddocks. For rotational cycles 1 and 2, cows were moved to new paddocks every 2 

days. During cycles 3 and 4, cows were moved every 5 to 7 days.  For each rotational grazing 

cycle, three paddocks were sampled using quadrats (15 cm by 122 cm). Six quadrats were taken 

for every sampled paddock, clipping the forage down to around 5 cm from the plant base. These 

six samples were pooled together, and then 500 g each were collected as a sample for nutrient 

composition and determination of botanical composition. For nutrient composition, 

approximately 500 g were placed into aerated paper bags and allowed to dry in Hotpack Tru-

temp forced air oven (Hotpack Canada LTD, Waterloo, Ont) at 60 ᴼC for at least 72 hours. Dry 

matter content  was determined using the equation as described before. The samples were then 

ground to pass through a 1 mm screen using a Thomas Wiley feed grinder (Wiley Mill, Arthur 

H. Thomas, Philadelphia, PA). Ground samples were then composited by rotational cycle per 

field. 

The 500 g samples taken for botanical composition determination were stored at -20ᴼC. 

These three samples were pooled to represent a full field. Approximately 500 g were taken from 

this pool and sorted into grasses, legumes, weeds and dead plant material. Weights of the 

individual categories were divided by the original 500 g sample to determine the percentage of 
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grass, legume, weeds and dead plant material within a particular field for each rotational grazing 

cycle.    

3.5 Statistical Analysis 
 The experiment was conducted as a completely randomized design. Model studentized-

residuals were analyzed for normality to detect outlier observations that may have undue 

influence on performed models. For this analysis, the dependent variable of the model was 

evaluated for outliers using Lund’s test with a critical value of 3.40 when evaluating the effects 

of nutritional management regimens and RFI rank. Once an outlier was detected, that 

observation was critically evaluated to determine if the data was a reasonable physiological 

possibility, or if the observation could be explained by potential experimental error. If an outlier 

was determined to likely be the result of experimental error, that observation was deleted from 

the dataset prior to conducting subsequent analyses. PROC UNIVARIATE in SAS 9.4 was used 

to check for normality of traits, including RFI, by assessing the Shapiro-Wilk statistic. Pertaining 

to breed composition data, any effects of sire and inbreeding were ignored due to a lack of 

available data. Because there were no purebred cows in the trial, the majority of breeds were 

included in the final model as regression terms. Breeds present in the herd (Table 4) included 

Simmental, Angus, Charolais, Red Angus, Piedmontese, Polled Hereford, Limousin, Gelbvieh, 

Maine-Anjou, , Salers, South Devon, and Tarentaise. The following breeds, however, were 

removed from model selection; Limousin, Polled-Hereford, Salers, South Devon, and Tarentaise. 

These five breeds were removed as they represented a low proportion of the total herd breed 

composition (< 1.0%), and were also observed in a very low proportion of the respective cows’ 

breed composition (< 5.0% of cows).  

3.5.1 Analysis of the effects of nutritional management regimen and RFI classification rank on 

cow performance 
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All measured cow (n = 101 for 2016; n = 68 for 2017) and calf performance traits were 

evaluated for the effects of nutritional management regimens and RFI2015 ranking on trial 

gestation parameters. RFI2015 refers to the RFI rank that was previously established based on feed 

intake and performance data from the 2015 gestation period (n = 110). Initial cow performance 

measurements for the 2015 trial are found in Appendix Table 4. 2015 RFI data were used to 

determine how cows performed across years from 2015 to 2017. PROC GLIMMIX in SAS 9.4 

was used to evaluate the fixed effects of nutritional management regimen, RFI rank, and the 

regimen by RFI rank interactions on ADG, MBWT, BCS, DMI, MEI, rib fat depth, rump fat 

depth, pregnancy rate, weaning rate, calf birth weight, calf weaning weight, calf ADG, and 

serum metabolite concentrations. For all analyses, pregnancy rate and weaning rate were 

considered binary responses of yes or no as to whether an individual cow conceived or weaned 

off a calf, respectively. The effect of year was included as a fixed effect. 

Orthogonal contrasts were used for means separation to evaluate nutritional management 

regimens (Table 5), RFI rank (Table 6), and nutritional management regimen by RFI rank 

interactions (Table 7). The nutritional management regimen contrasts were as follows: Contrast 

1: comparing HAYL fed cows versus all limit-fed haylage (MSHAYL) cows; Contrast 2: cows 

fed the MSHAYL diet without supplementation versus cows fed the MSHAYL diet with 

supplementation; Contrast 3: cows fed the MSHAYL diet with supplementation once a week 

versus cows fed the MSHAYL diet with supplementation multiple times a week; Contrast 4: 

cows fed the MSHAYL diet with supplementation two times a week versus cows fed the 

MSHAYL diet with supplementation three times a week. These contrasts were used to evaluate 

the effect of the millet straw based diets, the effect of supplementation and the varying frequency 

of supplementation. RFI values for a given period were divided into quartiles with: the 1st 
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quartile representing cows with RFI values in the lowest 25% of values of RFI, which pertains to 

cows that were most efficient; the 2nd quartile representing the lower 25% of values to the 

median RFI value; the 3rd quartile is the median RFI value to the upper 25% of values; the 4th 

quartile is the upper 25% of RFI values which represents cows that were least efficient. The RFI 

rank contrasts are as follows: Contrast 1: 1st quartile cows versus the average of all other 

quartiles; Contrast 2: 2nd quartile cows versus the average of 3rd and 4th quartiles; Contrast 3: 3rd 

quartile cows versus 4th quartile cows. These contrasts allowed for the comparing of lower RFI 

values to higher RFI values, and to evaluate if rank groups differed from each other. Contrasts 

were not examined when the overall P-Value for the main effects and the interaction were 

greater than 0.05.  

To assess the effect of nutritional management regimens on repeated measures of blood 

variables, PROC GLIMMIX procedure in SAS 9.4 was used. Days in gestation were added to the 

model statement along with the covariate, repeated effect of time, fixed effect of nutritional 

management regimen and the interaction of time with nutritional management regimen. 

Contrasts were performed as previously described.  

3.5.2 Determination of Residual Feed Intake and Residual Metabolizable Intake 

 Base model RFI (RFI-B) for 2015 (RFI-B1), 2016 (RFI-B2), and 2017 (RFI-B3) were 

calculated as daily dry matter intake regressed on breed composition, average trial rib fat depth, 

trial change in rib fat depth, and conceptus-adjusted ADG and MBWT. This calculation was 

performed for cows in 2015 as well for cows in 2016 (n = 101) and 2017 (n = 68) that were 

common with 2015 cows and did not encounter twinning or perinatal mortality. Best-fit models 

for gestation RFI (RFI-F) for all three years of data pooled (RFI-FYear), 2015 only (RFI-F1), 
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2016 only (RFI-F2), and 2017 only (RFI-F3) were calculated using PROC REG in SAS 9.4 

(SAS Institute Inc., 2013). The base model for RFI was as follows: 

DMIj = β0 + β1(cADG)j+ β2(MBWT)j+ β3(X̅Rib)j+ β4(ΔRib)j  + ß5...ß11(Breed)j + ej 

 

where DMIj is the DMI for the jth cow, β0 is the regression intercept, β1, β2, β3, β4 are the 

coefficients for the multiple linear regression of DMI on conceptus adjusted ADG and MBWT, 

average gestation rib fat depth (X̅Rib), change in gestation rib fat depth (ΔRib). β5, β6, β7, β8, β9, 

β10, β11, are the partial regression coefficients for the following breeds in the jth cow; Simmental, 

Gelbvieh, Maine-Anjou, Charolais, Angus, Red-Angus and Piedmontese. ej is the random error 

term for the jth cow (RFI of the ith cow). Fit statistics for base models are presented in Table 8. 

To improve the base model for a given period, a backward stepwise regression was 

performed with an adjusted significance level of 0.05. PROC GLIMMIX was used to evaluate 

the fit of the RFI regression models (RFI-F), using backward selection via Bayesian Information 

criteria (BIC), where the model with the smallest BIC was chosen as the best fitting model. First, 

an analysis was carried out with pooled data from all three trial years (2015, 2016, 2017). The 

DMI was regressed on the following traits for inclusion in the model for RFI-F during the 

gestation period for all three years: conceptus adjusted ADG, average conceptus adjusted 

MBWT, trial year, length of gestation, total gestation trial days, age, the square of the age, 

change in, and average BCS, rib fat depth, rump fat depth, and LMA, calf birth weight, calf sex, 

as well as the effect of breed which was forced into the model. The most appropriate model for 

the variation in RFI-FYear had an R2 of 0.47 and a BIC value of 1269.3 and was as follows: 

DMIj = β0 + β1(cADG)j+ β2(MBWT)j+ β3(X̅Rib)j+ β4(ΔRib)j + β5(Year)j + β6(Age)j + 

β7(Age2)j + β8(CalfBirthWt)j  + ß9...ß15(Breed)j + ej 
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where DMIj is the DMI for the jth cow, β0 is the regression intercept, β1, β2, β3, β4, β5, β6, β7, β8 

are the coefficients of the multiple linear regression of DMI on conceptus adjusted ADG and 

MBWT, average gestation rib fat depth (X̅Rib), change in gestation rib fat depth (ΔRib), trial 

year, age, square of the age, and the calf birth weight over the gestation period. Β9, β10, β11, β12, 

β13, β14, β15, are the partial regression coefficients for the following breeds in the jth cow; 

Simmental, Gelbvieh, Maine-Anjou, Charolais, Angus, Red-Angus and Piedmontese. ej is the 

random error term for the jth cow. Calculated RFI values (ej in the model above) were ranked 

within given years into four groups which correspond to four quartiles, as explained previously. 

PROC MEANS in SAS 9.4 was employed to determine the median and quartile points of RFI, as 

shown in Table 9, to classify cows into their respective quartile groups for a given year. Base 

models (RFI-B) were grouped in the same manner. Backward selection of the Fitted RFI (RFI-F) 

models for each individual trial year was carried out in a similar manner, except that trial year 

was not included as a covariate. All RFI-B and RFI-F model information and fit statistics are 

presented in Table 8.  

Data from the 2017 gestation period (n = 44) and 2017 pre-weaning lactation period (n = 

44) were used to calculate RFI by physiological phase (gestation and lactation). RFI was 

calculated as described above, with base (RFI-B) and fitted (RFI-F) models calculated for 

gestation and lactation. The DMI was regressed on the following traits for inclusion in the fitted 

phase model (RFIPhase): conceptus adjusted ADG, conceptus adjusted average MBWT, days on 

feed, age, the square of the age, average and change in body condition score, rib fat depth, LMA, 

and rump fat depth, calf birth weight, calf sex, average serum concentrations for glucose, urea, 

non-esterified fatty acids (NEFA), beta hydroxy-butyrate (BHB), and cholesterol, as well as the 
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effect of breed which was forced into the model. The best-fit model for the pooled data model 

predicted DMI with an R2 of 0.56 with a BIC of 391.1 (n = 44) as follows: 

DMIj = β0 + β1(cADG)j+ β2(MBWT)j+ β3(X̅Rib)j+ β4(ΔRib)j  + β5(TrialDays)j  + β6(X̅LMA)j  

+ β7(CalfBirthWT)j + ß8...ß14(Breed)j + ej 

where DMIj is the DMI for the jth cow, β0 is the regression intercept, β1, β2, β3, β4, β5, β6, β7 are 

the coefficients for the multiple linear regression of DMI on conceptus adjusted ADG and 

metabolic body weight, average rib fat depth (X̅Rib), change in rib fat depth (ΔRib), period days 

on feed (TrialDays), average LMA (X̅LMA), and calf birth weight for the jth cow. β8, β9, β10, β11, 

β12, β13, β14 are the partial regression coefficients of the following breeds for the jth cow; 

Simmental, Gelbvieh, Maine-Anjou, Charolais, Angus, Red-Angus and Piedmontese 

respectively. ej is the random error term (RFI) for the jth cow. PROC MEANS was employed as 

described above to classify RFI into quartiles. 

 Residual metabolizable intake (RMEIPhase) was found by regressing on the same 

performance traits as with RFIPhase, except that DMI was replaced by metabolizable energy 

intake (MEI). Regression using PROC REG in SAS 9.4 was conducted as described above for 

pooled gestation and lactation data for 2017, producing RMEI with a model R2 of 0.61 and a BIC 

of 483.6 (n = 44), with the model equation as follows: 

MEIj = β0 + β1(ADG)j+ β2(MBWT)j+ β3(X̅Rib)j+ β4(ΔRib)j + β5(TrialDays)j + β6(X̅Rump)j + 

β7(X̅LMA)j + β8(CalfBirthWT)j + ß9...ß15(Breed)j + ej 

 

where MEIj is the MEI for the jth cow, β0 is the regression intercept, β1, β2, β3, β4, β5, β6, β7, β8 

are the coefficients for the multiple linear regression of DMI on ADG, metabolic body weight, 

average rib fat depth (X̅Rib), change in rib fat depth (ΔRib), gestation or lactation days on feed 

(TrialDays), average rump fat depth (X̅Rump), average LMA (X̅LMA), and calf birth weight for 

the jth cow. β9, β10, β11, β12, β13, β14, β15 are the partial regression coefficients for the following 
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breeds for the jth cow; Simmental, Gelbvieh, Maine-Anjou, Charolais, Angus, Red-Angus and 

Piedmontese respectively. ej is the random error term (RMEI) for the jth cow. PROC MEANS 

was employed as described above to classify RMEI into quartiles. In addition to base and fitted 

pooled data models, fitted models for RFI and RMEI were conducted for individual 

physiological phase periods (gestation and lactation). All information and fit statistics for base 

and fitted models for physiological phase are presented in Table 10, and all descriptive statistics 

for RFIPhase used to determine quartiles are found in Table 11. 

 PROC CORR in SAS 9.4 was used to compute the correlation coefficients and 

subsequent level of significance among all performance, body composition, reproductive, and 

serum metabolite parameters examined during the gestation period. PROC CORR was also used 

to compute the correlation coefficient and respective level of significance among the various 

alternative RFI Gestation models (Table 12) as well as for alternative RFIPhase models (Table 13). 

3.5.3 Analysis of re-ranking in RFI ranking groups   

To determine the effects of nutritional management regimen and either year or 

physiological phase on RFI rank, PROC GLIMMIX was used to conduct a Friedman’s Test, with 

cow as a repeated subject either over three years or from gestation to lactation.   

3.5.4 Analysis of repeatability of RFI rank 

 Repeatability of RFI was computed in two ways. First, PROC CORR in SAS 9.4 was 

used to compute Spearman correlations and subsequent level of significance among RFI and 

RMEI models for RFIYear and RFIPhase. Second, genetic repeatability was estimated using the 

ratio-of-variances (intraclass correlation) method. Variance components were estimated from 
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repeated measurements of RFI as the ratio of between-animal variance to the total estimated 

variance, which is the sum of between and within animal variance: 

 R = 
�̂�𝑤
2

�̂�𝑤
2+�̂�𝐸

2 

Where �̂�𝑤
2  is the estimated between-animal variance and �̂�𝐸

2 is the estimated within-animal 

variance. 
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Table 1. Nutrient Composition of Experimental Diets Fed to Cows in 2016 

 

  

Table 1. Nutrient Composition (on a DM Basis) of Experimental Diets Fed to Cows in 20161,2 

 Experimental Diets and Supplement 

 
MSHAYL 

MSHAYL with 

supplementation 
HAYL 

Energy/protein 

supplement 

NEm (Mcal/kg) 1.42 1.42 1.36 2.23 

TDN (%) 58.84 59.04 58.36 86.75 

Crude Protein (% of DM) 15.71 15.94 16.45 48.53 

RUP (% of CP) 20.16 21.74 17.26 42.35 

NDF (% of DM) 51.84 52.20 52.67 4.62 

Lignin (% of DM) 6.93 6.78 6.94 0.79 

Calcium (% of DM) 1.40 1.43 1.28 5.36 

Phosphorus (% of DM) 0.34 0.34 0.31 0.54 
1Nutrient composition based on weekly samples of the specific diet fed to cows. 
2Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad 

libitum); MSHAYL (cows fed haylage at 1.0% of BW along with ad libitum straw with cows 

not supplemented or supplemented (MSHAYL with supplementation) once per week (1 d/wk), 

twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of gestation. 
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Table 2. Nutrient Composition of Experimental Diets Fed to Cows in 2017 

  

Table 2. Nutrient Composition (on a DM Basis) of Experimental Diets Fed to Cows in 20171,2,3 

 Experimental Diets and Supplement 

 
MSHAYL 

MSHAYL with 

supplementation 
HAYL 

Energy/protein 

supplement 

2017 

Lactation  

NEm (Mcal/kg) 1.47 1.48 1.52 2.24 1.50 

TDN (%) 60.58 60.90 62.43 87.18 61.57 

Crude Protein (% of DM) 15.35 15.81 16.07 48.54 16.02 

RUP (% of CP) 22.20 22.98 20.14 46.17 21.12 

NDF (% of DM) 47.91 47.67 47.42 4.58 47.09 

Lignin (% of DM) 6.87 6.75 6.15 1.00 6.37 

Calcium (% of DM) 1.53 1.57 1.38 4.51 1.16 

Phosphorus (% of DM) 0.43 0.42 0.39 0.57 0.35 
1Nutrient composition based on weekly samples of the specific diet fed to cows. 
2Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL 

(cows fed haylage at 1.0% of BW along with ad libitum straw with cows not supplemented or supplemented 

(MSHAYL with supplementation) once per week (1 d/wk), twice per week (2 d/wk), or three times per week 

(3 d/wk) for the last 75 days of gestation. 
3Diet fed during the 2017 pre-weaning lactation period consisted of predominantly haylage, with corn silage 

and/or millet straw fed in accordance with cow’s energy and protein requirements during the lactation period. 
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Table 3. Supplementation schedule for MSHAYL cows allocated to be supplemented1 either once, twice or three times per week 

beginning on day 207 of gestation 

  

Table 3. Supplementation schedule for MSHAYL cows allocated to be supplemented1 either 

once, twice or three times per week beginning on day 207 of gestation2  

Monday Tuesday Wednesday Thursday Friday Saturday 

MSHAYL 

supplemented 

3 x/wk 

MSHAYL 

supplemented 

2 x/wk 

MSHAYL 

supplemented 

1 x/wk 

MSHAYL 

supplemented 

3 x/wk 

MSHAYL 

supplemented 

2 x/wk 

MSHAYL 

supplemented 

3 x/wk 
1Supplement composition: 54.6% corn gluten meal, 23.4% soybean meal, 21.0% calcium 

propionate, 1% tallow; fed at 0.221 g/kg body weight per week. 
2Note that feed refusals were collected on Mondays and Tuesdays, while weights and blood 

samples for metabolic profile were collected on Wednesdays. 



57 
 

Table 4. Breed composition for cows used in the study in 2016 and 2017 

  

Table 4. Breed composition for cows used in the study in 2016 and 20171. 

Breed 
Average percentage 

of herd2 

Proportion of cows 

with respective 

breed3 

Average breed 

percentage within 

individual cows4 

Continental breeds    

Simmental 27.81 75.45 36.86 

Piedmontese 8.52 19.09 44.64 

Maine-Anjou 1.93 10.91 17.71 

Gelbvieh 1.56 16.36 9.55 

Charolais 0.43 7.27 5.86 

Limousin 0.17 1.82 9.38 

British breeds    

Angus 39.46 89.09 44.29 

Red-Angus 9.06 52.73 17.19 

Polled-Hereford 0.40 5.45 7.29 

Salers 0.37 3.64 10.16 

Tarentaise 0.09 1.82 4.69 

XXXX5 10.20 81.82 12.47 
1101 pregnant cows from 2015 entered the trial in 2016; 9 previously open cows from 2015 

and 59 pregnant cows from 2016 entered the trial in 2017.  
2Average percentage of a breed for the cows utilized in the study. 
3Percentage of cows with >1/32 of the breed within their breed composition. 
4Average breed percentage for individual cows among cows with > 1/32 of a given breed 

within their breed composition 
5Less than 1/32 parts unknown British and Continental breeds. 
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Table 5. Contrast Coefficients Used to Evaluate Effects of Nutritional Management Regimen 

  

Table 5. Contrast Coefficients Used to Evaluate Effects of Nutritional Management Regimen  

 Nutritional Management Regimen 

Contrast  HAYL  MSHAYL  MSHAYL, 

Supplementation 

once/week  

MSHAYL, 

Supplementation 

twice/week  

MSHAYL, 

Supplementation 

three/week  

11 4 -1 -1 -1 -1 

22 0 3 -1 -1 -1 

33 0 0 2 -1 -1 

44 0 0 0 1 -1 
1Contrast 1 = cows fed HAYL vs. all limit-fed haylage (MSHAYL) diets.  
2Contrast 2 = cows fed MSHAYL without supplementation vs. the average of all cows fed 

MSHAYL with supplementation.  
3Contrast 3 = cows fed MSHAYL supplemented once a week vs. the average of cows fed 

MSHAYL supplemented two and three times a week.  
4Contrast 4 = cows fed MSHAYL supplemented two times a week vs. cows fed MSHAYL 

supplemented three times a week.  
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Table 6. Contrast Coefficients used to Evaluate the Effects of RFI Classification 

 

Table 6. Contrast Coefficients used to Evaluate the Effects of RFI Classification  

 RFI Rank Classification1 

Contrast 1st Quartile 2nd Quartile 3rd Quartile 4th Quartile 

12 3 -1 -1 -1 

23 0 2 -1 -1 

34 0 0 1 -1 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of RFI 

values; 2 = Lower 25% to Median value for RFI; 3 = Median value of RFI to upper 25%; 4 = 

Upper 25% to upper 50% of RFI values. 
2Contrast 1 = 1st Quartile vs the average of 2nd, 3rd, and 4th Quartiles.  
3Contrast 2 = 2nd Quartile vs the average of 3rd and 4th Quartiles. 
4Contrast 3 = 3rd Quartile vs 4th Quartile. 
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Table 7. Contrast Coefficients Used to Evaluate Effects of RFI Rank Classification by Nutritional Management Regimen (NMR) Interactions 

Table 7. Contrast Coefficients Used to Evaluate Effects of RFI Rank Classification by Nutritional Management Regimen (NMR) Interactions 

  1st Quartile vs Average of 2nd,3rd,4th Quartiles 2nd Quartile vs Average of 3rd, 4th Quartiles 3rd Quartile vs 4th Quartile 

Nutritional 

Management 

Regimen 

RFI 

Quartile 

NMR 

Contrast 

1 

NMR 

Contrast 

2 

NMR 

Contrast 

3 

NMR 

Contrast 

4 

NMR 

Contrast 

1 

NMR 

Contrast 

2 

NMR 

Contrast 

3 

NMR 

Contrast 

4 

NMR 

Contrast 

1 

NMR 

Contrast 

2 

NMR 

Contrast 

3 

NMR 

Contrast 

4 

 

 

HAYL 

1 12 0 0 0 0 0 0 0 0 0 0 0 

2 -4 0 0 0 8 0 0 0 0 0 0 0 

3 -4 0 0 0 -4 0 0 0 4 0 0 0 

4 -4 0 0 0 -4 0 0 0 -4 0 0 0 

 

MSHAYL 

with no 

supplement 

provided 

1 3 9 0 0 0 0 0 0 0 0 0 0 

2 -1 -3 0 0 2 6 0 0 0 0 0 0 

3 -1 -3 0 0 -1 -3 0 0 1 3 0 0 

4 -1 -3 0 0 -1 -3 0 0 -1 -3 0 0 

 

MSHAYL  

with 

supplement 

provided 1 

times/week 

1 3 3 6 0 0 0 0 0 0 0 0 0 

2 -1 -1 -2 0 2 2 4 0 0 0 0 0 

3 -1 -1 -2 0 -1 -1 -2 0 1 1 2 0 

4 -1 -1 -2 0 -1 -1 -2 0 -1 -1 -2 0 

 

MSHAYL  

with 

supplement 

provided 2 

times/week 

1 3 3 3 3 0 0 0 0 0 0 0 0 

2 -1 -1 -1 -1 2 2 2 2 0 0 0 0 

3 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 

4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

 

MSHAYL 

with 

supplement 

provided 3 

times/week 

1 3 3 3 3 0 0 0 0 0 0 0 0 

2 -1 -1 -1 -1 2 2 2 2 0 0 0 0 

3 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 

4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

Contrast 1 2 3 4 5 6 7 8 9 10 11 12 

Contrast 1 = Examining 1st Quartile vs. all other Quartiles when comparing HAYL diet vs. average of all MSHAYL diets. 

Contrast 2 = Examining 1st Quartile vs. all other Quartiles when comparing non-supplemented MSHAYL diet vs. average of supplemented MSHAYL diets. 
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Contrast 3 =  Examining 1st Quartile vs. all other Quartiles when comparing MSHAYL supplemented 1 x/wk vs. average of supplementation, 2 x & 3 x /wk. 

Contrast 4 =  Examining 1st Quartile vs. all other Quartiles when comparing MSHAYL supplemented 2 x/wk vs.  MSHAYL supplemented 3 x/wk. 

Contrast 5 = Examining 2nd Quartile vs average of 3rd, 4th Quartiles when comparing HAYL diet vs. average of all MSHAYL diets. 

Contrast 6 = Examining 2nd Quartile vs average of 3rd, 4th Quartiles when comparing non-supplemented MSHAYL diet vs. average of supplemented MSHAYL diets. 

Contrast 7 = Examining 2nd Quartile vs average of 3rd, 4th Quartiles when comparing MSHAYL supplemented 1 x/wk vs. average of supplementation, 2 x & 3 x /wk. 

Contrast 8 = Examining 2nd Quartile vs average of 3rd, 4th Quartiles when comparing MSHAYL supplemented 2 x/wk vs.  MSHAYL supplemented 3 x/wk. 

Contrast 9 = Examining 3rd Quartile vs 4th Quartile when comparing HAYL diet vs. average of all MSHAYL diets. 

Contrast 10 = Examining 3rd Quartile vs 4th Quartile when comparing non-supplemented MSHAYL diet vs. average of supplemented MSHAYL diets. 

Contrast 11 = Examining 3rd Quartile vs 4th Quartile when comparing MSHAYL supplemented 1 x/wk vs. average of supplementation, 2 x & 3 x /wk. 

Contrast 12 = Examining 3rd Quartile vs 4th Quartile when comparing MSHAYL supplemented 2 x/wk vs.  MSHAYL supplemented 3 x/wk. 
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Table 8. Residual Feed Intake by Year model information, coefficient of determination (R2), adjusted R2 (Adj-R2), coefficient of variation (CV), root mean square error (RMSE) and 
Bayesian Information Criterion (BIC) 

 

 

 

 

 

 

 

 

 

 

Table 8. Residual Feed Intake by Year model information, coefficient of determination (R2), adjusted R2 (Adj-R2), coefficient 

of variation (CV), root mean square error (RMSE) and Bayesian Information Criterion (BIC) 

Model 

Name1 Year Covariates2 N R2 Adj-R2 CV RMSE BIC 

RFI-F All Base TrialDays Year Age Age2 CalfBirthWt 110 0.47 0.44 16.52 1.94 1269.3 

RFI-F1 2015 Base Age Age2 ΔLMA 110 0.53 0.45 15.29 1.95 513.9 

RFI-F2 2016 Base TrialDays CalfBirthWt 101 0.58 0.52 15.73 1.71 450.3 

RFI-F3 2017 Base GestLength TrialDays ΔLMA 68 0.61 0.51 12.78 1.46 296.0 

RFI-B1 2015 Breed cADG MBWT X̅Rib ΔRib 110 0.42 0.35 16.86 2.15 513.0 

RFI-B2 2016 Breed cADG MBWT X̅Rib ΔRib 101 0.52 0.46 16.70 1.81 441.4 

RFI-B3 2017 Breed cADG MBWT X̅Rib ΔRib 68 0.43 0.32 15.03 1.72 289.4 
1RFI-F denotes a model that is fitted with backwards stepwise regression, RFI-B denotes a base model. 
2cADG and MBWT correspond to ADG and metabolic body weight (Live Weight0.75) adjusted for growth of the conceptus; 

LMA corresponds to longissimus muscle area. 
3Trial Days refers to the number of days of feed intake collection included in a given RFI model. 



63 
 

Table 9. Descriptive statistics for base (B and fitted (F) RFI models for Three Years and All Pooled Data (All) 

 

Table 9. Descriptive statistics for base (B and fitted (F) RFI models for three years and all pooled 

data (All) 

Model 

Name Year N 
Mean 

RFI 
STD1 Min 

25th 

Percentile 
Median 

75th 

Percentile 
Max 

RFI-F All 110 -0.07 1.621 -3.65 -1.14 -0.16 0.62 4.63 

RFI-F1 2015 110 -0.05 1.803 -3.96 -1.30 0.04 1.20 4.27 

RFI-F2 2016 101 -0.02 1.581 -3.30 -1.08 -0.16 1.06 4.58 

RFI-F3 2017 68 0.00 1.302 -3.69 -0.76 0.08 0.66 4.13 

RFI-B1 2015 110 0.00 2.042 -5.33 -1.35 -0.17 1.41 4.86 

RFI-B2 2016 101 0.00 1.714 -4.00 -1.23 -0.08 1.18 4.55 

RFI-B3 2017 68 0.00 1.572 -3.52 -0.92 -0.09 0.80 4.76 
1Standard deviation of mean RFI. 
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Table 10. Physiological Phase Residual Feed Intake (RFI) and Residual Metabolizable Intake (RMEI) model information, coefficient of determination (R2), adjusted R2 (Adj-R2), 
coefficient of variation (CV), root mean square error (RMSE) and Bayesian Information Cr 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 

 

Table 10. Physiological Phase Residual Feed Intake (RFI) and Residual Metabolizable Intake (RMEI) model information, 

coefficient of determination (R2), adjusted R2 (Adj-R2), coefficient of variation (CV), root mean square error (RMSE) and 

Bayesian Information Criterion (BIC) for Gestation (Gest) and Lactation (Lact) and Pooled Data (All). 

Model 

Name1 Phase Covariates2 N R2 Adj-R2 CV RMSE BIC 

RFI-F All Base TrialDays  X̅LMA CalfWt 37 0.56 0.46 19.65 2.72 391.1 

RFI-F1 Gest Base CalfWt 37 0.48 0.22 18.90 2.16 161.0 

RFI-F2 Lact Base  X̅[Glc] X̅[Urea]  X̅[Chol] 37 0.60 0.34 15.62 2.54 163.1 

RFI-B1 Gest Breed cADG MBWT X̅Rib ΔRib 37 0.34 0.05 20.88 2.38 161.4 

RFI-B2 Lact Breed cADG MBWT X̅Rib ΔRib 37 0.25 -0.08 19.99 3.25 177.5 

RMEI-F All Base TrialDays  X̅Rump  X̅LMA CalfWt 37 0.61 0.51 19.10 5.76 483.6 

RMEI-F1 Gest Base CalfWt 37 0.49 0.23 18.42 4.55 196.8 

RMEI-F2 Lact Base  X̅[Glc] X̅[Urea]  X̅[Chol] 37 0.59 0.34 15.65 5.59 197.4 

RMEI-B1 Gest Breed cADG MBWT X̅Rib ΔRib 37 0.36 0.08 20.21 4.99 198.36 

RMEI-B2 Lact Breed cADG MBWT X̅Rib ΔRib 37 0.25 -0.08 19.94 7.12 216.7 
1RFI-F denotes a model that is fitted with backwards stepwise regression, RFI-B denotes a base model. 
2cADG and MBWT correspond to ADG and metabolic body weight (Live Weight0.75) adjusted for growth of the conceptus; 

LMA corresponds to longissimus muscle area; [Urea] and [Chol] correspond to concentrations of serum urea and cholesterol. 
3Trial Days refers to the number of days of feed intake collection included in a given RFI model. 
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Table 11. Descriptive statistics for base (B and fitted (F) physiological phase RFI models for Gestation (Gest) and Lactation (Lact) 
and Pooled Data (All) 

Table 11. Descriptive statistics for base (B and fitted (F) physiological phase RFI models for Gestation 

(Gest) and Lactation (Lact) and Pooled Data (All). 

Model 

Name Phase N 
Mean 

RFI 
STD1 Min 

25th 

Percentile 
Median 

75th 

Percentile 
Max 

RFI-F All 37 0.56 2.53 -4.67 -1.04 0.35 1.60 7.63 

RFI-F1 Gest 37 0.00 1.76 -2.31 -0.88 -0.45 0.80 4.76 

RFI-F2 Lact 37 0.00 1.99 -3.35 -1.90 -0.15 1.67 3.57 

RFI-B1 Gest 37 0.00 1.99 -2.69 -1.44 -0.33 0.69 5.43 

RFI-B2 Lact 37 0.00 2.71 -4.47 -2.64 0.00 2.02 5.95 

RMEI-F All 37 1.14 5.35 -10.86 -2.34 1.53 3.80 17.30 

RMEI-F1 Gest 37 0.00 3.72 -4.78 -1.84 -0.99 1.48 10.09 

RMEI-F2 Lact 37 0.00 4.37 -7.34 -4.08 0.42 3.79 7.90 

RMEI-B1 Gest 37 0.00 4.16 -5.57 -2.85 -0.63 1.16 11.45 

RMEI-B2 Lact 37 0.00 5.94 -9.83 -5.80 0.00 4.51 13.07 
1Standard deviation of mean RFI. 
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Table 12. Correlations between residual feed intake by year base model (RFI-B) and relevant parameters 

 
 

Table 12. Correlations between residual feed intake by year base model (RFI-B) and relevant 

parameters.  

Traits RFI Rank FCR2 DMI ADG MBWT X̅Rib ΔRib Age 

RFI Value 0.91** 0.01 0.70** 0.00 0.00 0.00 0.00 0.06 

RFI Rank  0.02 0.62** -0.05 -0.01 0.00 0.01 0.07 

FCR   -0.02 -0.02 -0.05 -0.08 -0.05 -0.06 

DMI    0.50** 0.22** 0.16** 0.29** 0.10 

ADG     -0.18** -0.23** 0.21** -0.27** 

MBWT      0.62** 0.28** 0.61** 

X̅Rib       0.14* 0.40** 

ΔRib        0.20** 
1Correlation coefficients differing from 0 at * (P< 0.05) or ** P < 0.001. 
2All weight measures are adjusted for growth of the conceptus.  
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Table 13. Pearson Correlations between physiological phase residual feed intake base model (RFI-B), Residual Metabolizable 

Intake base model (RMEI-B) and relevant parameters. 

Traits RFI 

Rank 

RMEI 

Value 

RMEI 

Rank 
FCR2 DMI ADG MBWT X̅Rib ΔRib Age 

RFI Value 0.91** 1.00** 0.91** 0.09 0.64** 0.00 0.00 0.00 0.00 -0.10 

RFI Rank  0.90** 1.00** 0.10 0.56** 0.01 0.07 -0.02 -0.01 -0.03 

RMEI Value   0.90** 0.08 0.64** 0.00 0.00 0.00 0.00 -0.10 

RMEI Rank    0.10 0.56** 0.01 0.07 -0.02 -0.01 -0.03 

FCR     0.08 0.16 -0.13 -0.20 0.21 -0.14 

DMI      -0.29* 0.22 0.21 -0.25* 0.02 

ADG       -0.28* -0.26* 0.66** -0.15 

MBWT        0.74** -0.26* 0.67** 

X̅Rib         -0.14 0.56** 

ΔRib          -0.04 
1Correlation coefficients differing from 0 at * (P< 0.05) or ** P < 0.001. 
2All weight measures are adjusted for growth of the conceptus. 
 

Table 13. Pearson Correlations between physiological phase residual feed intake base model (RFI-B), Residual Metabolizable Intake base model (RMEI-B) and relevant parameters 
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4.0 Results and Discussion 
In the present trial, measures of feed intake, body weight, condition, reproduction, and 

serum metabolites were evaluated during the gestation and pre-weaning period for cows that 

calved in 2016 and 2017. In 2016, second trimester data were recorded from December 15, 2015 

to when an individual cow reached 207 days in gestation. In 2017, second trimester data 

collection began January 9, 2017, and also ended when cows reached 207 days in gestation. In 

both years, cows were considered to be in third trimester after 207 days in gestation up until the 

time of calving. At the commencement of third trimester (around 75 days prepartum), designated 

cows on the MSHAYL diets were supplemented either once, twice, or three times per week. All 

supplemented cows received the same amount of supplement on a per week basis based on BW, 

only fed at differing frequencies as previously described. For the purposes of the present study, 

the term gestation refers to all of third trimester, and the period in which second trimester data 

were collected.  

4.1 Effects of Nutritional Management Regimen on Gestating Cow Performance 
 Corrected for trial year, initial live body weight, age, BCS, rib and rump fat depths, 

LMA, and days in gestation were not different among nutritional management regimens (P > 

0.21; Table 14). This is due to 2016 and 2017 nutritional management regimen allocation being 

conducted to ensure each treatment group had similar days in gestation, age, and breed 

composition. Nutritional management regimen by RFI2015 Quartile Rank classification (RFI2015) 

interactions were evaluated for all tested parameters (Appendix Table 1) While RFI2015 affected 

3rd trimester ADG (P = 0.024), the interaction effect was also significant (P = 0.041). No other 

interaction effects were significant for traits in which either RFI2015 or nutritional management 

regimen was also significant. Although the interaction between NMR and RFI2015 was significant 
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for calf birth weight (P = 0.027), the main effects of nutritional management regimen and RFI2015 

were not significant (P > 0.39).  

 

4.1.1. Feed Intake During Gestation as Affected by Nutritional Management Regimen  

 The effects of nutritional management regimen on gestation feed intake are presented in 

Table 15. DMI was significantly different (P < 0.001) among nutritional management regimens 

throughout gestation and second and third trimesters. Specifically, HAYL fed cows consumed 

significantly more dry matter than MSHAYL fed cows throughout gestation and second and 

third trimesters. (P < 0.001; Contrast 1). Non-supplemented MSHAYL cows consumed 

significantly less dry matter than supplemented cows in the third trimester (P = 0.016; Contrast 

2). This was not found for the second trimester (P > 0.21; Contrast 2), when the supplement was 

not yet being fed. Overall, supplemented cows tended to consume more (P = 0.053; Contrast 2) 

dry matter than non-supplemented cows throughout gestation. Similar to DMI, MEI was also 

significantly different (P < 0.001) among nutritional management regimens throughout gestation 

and second and third trimesters. Specifically, MEI was significantly greater for HAYL fed cows 

throughout gestation and second and third trimesters relative to MSHAYL fed cows (P < 0.001; 

Contrast 1). Non-supplemented MSHAYL cows consumed significantly less ME relative to 

supplemented MSHAYL cows throughout gestation and third trimester (P < 0.05; Contrast 2). 

However, this was not found for the second trimester (P > 0.21; Contrast 2), when the 

supplement was not yet being fed.  

 The greater amounts of DM consumed by HAYL fed cows relative to MSHAYL fed 

cows is most likely due to the palatability of the HAYL ration. This is because the HAYL ration 



70 
 

was fed as a total mixed ration (TMR), while the MSHAYL rations were fed on a component 

basis. Consuming more of the palatable HAYL diet also likely stimulated an increased rate of 

passage in the rumen (Mertens, 1987), thus presumably leading to yet more consumption of 

HAYL. A second trimester 730 kg cow on the HAYL diet would likely consume about 4.7 kg of 

millet straw per day (DMB) based on average DMI rates for cows fed the HAYL diet. If that 

same cow was instead placed on a MSHAYL ration, the cow would only consume about 2.6 to 

3.1 kg of millet straw per day (DMB) based on average DMI rates for cows fed the MSHAYL 

diets. The only difference in second trimester was that the HAYL ration had millet straw 

incorporated into a TMR, thus masking the lack of palatability of millet straw relative to haylage. 

This is in addition to cows having a greater difficulty sorting the straw mixed into the TMR for 

the HAYL fed cows. This agrees with previous studies that have found that providing feed as a 

TMR will increase intakes of less palatable roughage compared to component feeding (Nocek et 

al., 1986). 

 For the third trimester of gestation, unsupplemented MSHAYL cows had significantly (P 

= 0.016) reduced DMI relative to supplemented MSHAYL cows. Assuming MSHAYL cows in 

third trimester consumed all haylage and supplement offered on a given day, the consumption of 

the supplement seemed to increase straw intake (2.8 kg/d vs 2.5 kg/d DMB) compared to 

unsupplemented MSHAYL cows. This could possibly be attributed to the effects of the non-

structural carbohydrate component of the supplement on NDF disappearance rates in the rumen 

(Bowman et al., 2004).  The lack of supplementation for nonsupplemented MSHAYL cows may 

be responsible for increasing rumen fill to limit DMI. The supplement itself would likely not 

contribute negatively to increasing rumen fill since it is highly digestible relative to straw, thus 

allowing it to be quickly fermented or pass through the rumen in addition to its beneficial effect 
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on ruminal forage digestibility by way of meeting ruminal microbe protein requirements 

(Mertens, 1987). In a similar study, the rumen fill effect was given as the reason that heifers 

supplemented with dried distillers grains and solubles (DDGS) consumed more feed than control 

heifers fed only grass hay (Anez-Osuna et al., 2017). When low quality roughages are 

supplemented with energy or protein, the roughage becomes more digestible because greater 

ruminal fermentation is provided due to increased energy provided to rumen microbes (Baumann 

et al., 2004). This trial conflicts with another study that found that supplementing RUP did not 

increase forage intake, although the source of forage in that trial was grass hay, not straw with 

the grass hay typically supplying more energy and protein than found in most cereal straws 

(Summers et al., 2015b).  

 The greater (P < 0.001) MEI for all gestation periods for HAYL fed cows relative to 

MSHAYL fed cows is most likely due to management regimen differences in DMI. It is not 

likely due to differences in diet nutrient composition as based on actual dry matter intakes, cows 

consumed diets with relatively similar energy concentrations (Table 1).  This occurred despite 

diet formulations to provide different concentrations of ME.  Supplemented MSHAYL cows had 

greater (P = 0.042) MEI for third trimester than unsupplemented cows. This was most likely due 

to supplemented cows having greater DMI than unsupplemented cows. In addition, the 

supplemented MSHAYL diet contained slightly more metabolizable energy (2.17 vs 2.15 Mcal 

for the non-supplemented diet), due to high level of metabolizable energy being provided by the 

supplement. Metabolizable energy calculations are based on TDN values from Table 1.  

 Feed Conversion Ratio (FCR) values for the 2016 and 2017 gestation periods were not 

different among nutritional management regimens (P > 0.55; Table 15). The highly variable 

values for FCR are to be expected for late gestation beef cows. This is because conceptus 
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adjusted ADG among late gestation beef cows is close to zero. Since FCR calculations rely on 

dividing the DMI by the conceptus adjusted ADG, dividing by values close to zero may be 

problematic for such calculations, thus increasing the standard error. In contrast, RFI values for 

the 2016 and 2017 gestation periods (RFIGest) were significantly (P < 0.001; Table 15) different 

among nutritional management regimens. Specifically, cows fed the HAYL diet had significantly 

(P < 0.001; Contrast 1) higher RFI values than MSHAYL fed cows. As previously described, the 

low palatability of millet straw combined with HAYL diets being provided as a TMR, resulted in 

MSHAYL cows consuming less DM. This effect likely affected the viability of modelling RFI 

among cows across different nutritional management regimens. With regards to DMI effects on 

RFI modelling, other studies have also expressed that feedstuff and(or) diet differences in 

mechanical and chemical digestion are hard to account for in RFI models, due to the rumen fill 

effect, and differing ruminal digestibilities (McDonnell et al., 2016). As well, in the latter stages 

of gestation, growth of the conceptus will cause rumen fill effects to become magnified as the 

uterus and rumen will indirectly compete for space within the cow’s body cavity (Bassett, 1986). 

Therefore, it can be concluded that the MSHAYL regimen provided the greatest increase in feed 

efficiency for the cows, and there was no benefit to supplement inclusion at the level 

supplemented in this trial. However, it should noted that these are RFI values, and do not 

represent year to year differences associated with environmental conditions.  

4.1.2. Body Weights and ADG During Gestation as Affected by Nutritional Management 

Regimen 

 The effects of nutritional management regimen on conceptus adjusted live body weights 

and gain are found in Table 16. When initial parameters (Table 14) are examined by year, initial 

cows’ conceptus adjusted body weights (NRC, 2000) in the 2016 gestation period were 
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numerically lower than conceptus adjusted weights in the 2017 gestation period (661.2 kg vs. 

732.8 kg). This can be partially explained by the 2016 trial cows beginning with an initial 

average of 137.5 days in gestation, while in 2017 the average days in gestation was 169.8; this is 

the result of a later start date for the 2017 trial versus the 2016 trial. Due to all cows in 2016 and 

2017 being common to a 2015 gestation trial, cows in 2017 would be older and some more 

mature with heavier body weights than they would have been in 2016. 

 There were no differences in initial cow body weight (BW) at the start of the gestation 

trial (P > 0.40). However, final gestation BW were significantly different among nutritional 

management regimens (P = 0.002). Specifically, HAYL fed cows were significantly heavier than 

MSHAYL fed cows at the end of gestation (P < 0.001; Contrast 1). This is most likely attributed 

to greater DMI for HAYL vs MSHAYL fed cows. MSHAYL cows supplemented once per week 

tended to be lighter (P < 0.10 ; Contrast 3) than the average of MSHAYL cows supplemented 

twice or three times per week. This is a surprising finding as the once per week supplementation 

group did not have different ADG during second or third trimesters than the average of twice and 

three times per week supplementation groups. Therefore, slight initial weight differences may 

have become significant at the end of the gestation period. Second trimester conceptus adjusted 

ADG were also significantly different among nutritional management regimens (P < 0.001). 

HAYL fed cows gained significantly more conceptus adjusted live body weight during second 

trimester than MSHAYL fed cows (P < 0.001; Contrast 1). No differences among nutritional 

management regimens were found for ADG during third trimester (P = 0.230), when the 

supplement was being fed to MSHAYL cows. This is also a surprising finding as DMI did differ 

between the HAYL and other diets during third trimester (P < 0.001). Overall, gestation ADG 

was significantly different among nutritional management regimens (P < 0.001).  
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As in second trimester, HAYL fed cows gained significantly more body weight 

throughout gestation than MSHAYL fed cows (P < 0.001; Contrast 1). Also surprising was there 

were no differences among MSHAYL regimens for ADG, since supplemented MSHAYL cows 

did consume more metabolizable energy during third trimester and the gestation period as a 

whole, as discussed previously. This is likely because although MEI differences were significant 

(P < 0.05), they were not usually numerically greater than 1 Mcal/d, indicating that performance 

differences would not be anticipated.  

 It should be noted that all diets failed to prevent cows from encountering a negative 

conceptus adjusted ADG during third trimester. In the past,  diluting a haylage based diet at 

Elora with corn stalklage reduced gestation ADG to below zero (Wood et al., 2010a). Most trials 

that compare low quality roughage rations to supplemented rations do not report negative ADG 

(Engel et al., 2008; Shoup et al., 2015a). However, these past studies used unadjusted live body 

weight, instead of conceptus adjusted ADG measures used in the present study and with Wood et 

al. (2010a).  

 The late gestation supplement fed at 0.32 g/kg BW contained 87% TDN, 49% CP in 

which 44% of the protein was rumen undegradable protein (RUP). Therefore, a 730 kg cow 

would be fed the supplement at a rate of 234 g/d. Due to the negative ADG observed in the 

present study during 3rd trimester along with no differences in 3rd trimester ADG across 

supplemented and unsupplemented cows, it is worth considering if a higher supplement inclusion 

rate would be warranted. Other studies (Larson and Funston, 2009; Wood et al., 2010b; Shoup et 

al., 2015a) have found that the inclusion of high RUP sources such as DDGS do affect cow 

gestation ADG. Supplements in these trials have slightly lower percentages of CP than the 

present study, but similar levels of TDN. Larson et al. (2009) found that BW during gestation 
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increased when a DDGS supplement fed at 0.45 kg/d was provided to cows grazing dormant 

range, while Wood et al. (2010b) found that DDGS provided at 2.3 kg/d increased gestation body 

weights relative to cows fed a limit fed haylage diet. Furthermore, BW for pregnant cows on 

pasture were not affected when a 70% DDGS supplement was fed at 2.16 kg/d, but did differ 

when DDGS was provided at 8.61 kg/d on an as-fed basis (Shoup et al., 2015a). 

 In the present study, the frequency of supplementation did not affect live weight gains, 

except for final gestation weight, where cows supplemented once per week had a lower final 

gestation BW than the average of cows supplemented twice or three times per week. This 

difference in body weight at the end of gestation is not likely due to the effect of the supplement 

as the entire gestation period includes part of the second trimester, during which no supplement 

was provided. This result is consistent with Beaty et al. (1994) who found decreasing 

supplementation frequency for grazing cows from seven times to three times per week resulted in 

significantly greater winter weight loss. However, Schauer et al. (2005) found that reducing 

supplementation frequency from daily to every six days did not affect body weights for pregnant 

cows. 

4.1.3. Cow Body Condition During Gestation as Affected by Nutritional Management Regimen               

 The effects of nutritional management regimen on different measures of body condition 

throughout gestation are found in Table 17. Changes in rib and rump fat depths throughout 

gestation were significantly different among nutritional management regimens (P < 0.004) 

despite no overall differences in rib and rump fat depths (P ≥ 0.09). Specifically, HAYL fed 

cows gained significantly more subcutaneous fat over the ribs and rump throughout gestation 

than MSHAYL fed cows (P < 0.001; Contrast 1). This is likely due to HAYL fed cows having 

greater DMI, MEI and body weight gains than MSHAYL fed cows, as discussed previously. 
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Increased nutrient intakes during pregnancy in the past increased body weights and measures of 

fatness by the end of gestation (Engel et al., 2008; Radunz et al., 2010). While Klein et al. (2014) 

found that supplementing hay diets increased DMI and body weight gains versus cows fed 

unsupplemented diets, there were no differences in rib and rump fat depths. In the present study, 

the difference between HAYL and MSHAYL change in fatness measures is approximately 2 

mm. Wood et al. (2010b) reported a similar level of rib fat change across gestation in cows fed 

haylage diets, but the change in rib fat was lower for cows fed a 100% haylage diet versus cows 

fed a restricted haylage and supplemented haylage diet. However, these authors noted that the 

differences were not likely biologically important for the productivity of the cow, as calf birth 

weight was not affected. Although differences in fatness measures were detected in the present 

trial, there is reason to question the biological significance of these differences. This small level 

of rib and rump fat change may also explain why nutritional management regimen differences in 

BCS measures throughout gestation were not significantly different (P > 0.05); namely that the 

subjective nature of body condition scoring may hinder its ability to reveal minute changes in 

level of cow body condition.  

 There was a trend for LMA over gestation to differ across nutritional management 

regimens (P  <  0.07). Specifically, LMA was greater for HAYL vs MSHAYL fed cows over 

gestation (P = 0.025; Contrast 1). This is most likely due to HAYL fed cows gaining more 

weight with greater fat deposition throughout gestation. Since the cows used in the study were 

diverse in age and level of maturity, greater DMI found with feeding the HAYL diet may have 

allowed less mature cows to deposit more muscle and therefore work towards finishing their 

mature frame size. MSHAYL fed cows supplemented once per week had significantly less LMA 

than the average of MSHAYL fed cows supplemented twice or three times per week (P = 0.045; 
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Contrast 3). This is likely due to final gestation BW differences between MSHAYL cows that 

were supplemented. Klein et al. (2014) found that LMA decreased when frequency of 

supplementation with DDGS decreased to pregnant beef cows fed hay; this finding was 

unexpected as their cows had similar DMI and body weights. 

 4.1.4. Measures of Cow Reproductive and Calf Pre-weaning Performance as Affected by 

Nutritional Management Regimen 

 The effects of nutritional management regimen on cow reproductive and calf pre-

weaning performance are presented in Table 18. Length of gestation (defined as the time 

between conception and parturition) was significantly different among nutritional management 

regimens (P = 0.040). Specifically, HAYL fed cows had a shorter gestation period than 

MSHAYL fed cows (P = 0.003; Contrast 1). This could be due to HAYL fed cows consuming 

greater amounts of crude protein from greater overall DMI fed during the gestation period versus 

MSHAYL fed cows. This theory is supported by the results of Martin et al. (2007), where heifers 

supplemented with high RDP cottonseed meal had a  decreased calving interval relative to when 

no supplement was provided. However, the results of the present study conflict with Gunn et al. 

(2014), where gestation length was longer in heifers fed a high RUP (60% of CP) DDGS 

supplement relative to heifers fed a lower protein forage diet. These researchers attributed the 

longer gestation length to heavier birth weights for calves from the DDGS supplemented dams. 

In contrast, providing supplements high in energy and protein fed to heifers or cows often do not 

affect lengths of gestation versus cattle fed a predominantly forage diet during gestation (Radunz 

et al., 2010; Summers et al., 2015b; Rooke et al., 2016). The results in these latter studies found 

that supplementation increased NEm intakes but did not affect birth weights relative to 

unsupplemented dams fed predominantly forage only. In the present study, birth weight did not 
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differ among nutritional management regimens (P > 0.70). This finding is consistent with other 

trials which have found that increased protein or energy intakes prepartum do not affect calf birth 

weights (Zehnder et al., 2010; Miguel-Pacheco et al., 2017).  

 As previously discussed, cows were placed on a pure haylage ration after calving. During 

the pre-weaning period, some of the trial cows remained in drylot and consumed rations that met 

the requirements for lactation and subsequent rebreeding. Other cows were sent to pasture 

approximately one month after calving and remained there until the time for weaning their 

calves. Calf pre-weaning ADG, calf weaning weight, and cow weaning rate did not differ among 

prepartum nutritional management regimens (P > 0.69). Past studies found that providing a 

DDGS supplement prepartum to increase RUP intakes also did not affect calf birth weights or 

weaning rates (Larson et al., 2009; Wilson et al., 2016). However, Larson et al. (2009) found that 

calf weaning weights were significantly greater when their dams were supplemented with DDGS 

prepartum versus dams that only grazed pasture. Providing a RDP supplement prepartum 

increased weaning weights relative to cows fed only hay (Stalker et al., 2006). However, since 

the latter study fed hay containing 6% CP, their RDP supplement was likely compensating for 

actual protein restriction during gestation.  

 Finally, pregnancy rates and post-calving cow ADG did not differ among prepartum 

nutritional management regimens (P > 0.45). Post-partum supplementation trials have found that 

increased RUP and calcium propionate intakes have increased pregnancy rates (Mulliniks et al., 

2011b). However, prepartum supplementation strategies have often been ineffective for 

influencing post-partum conception or pregnancy rates. Similar trial pregnancy rates were found 

for heifers and cows when either restricted with only hay provided, or when supplemented with 

high RUP DDGS or high RDP soybean meal (Shoup et al., 2015a; Summers et al., 2015b). 
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Supplementing soybean meal to a high straw ration resulted in similar days to conception versus 

cows fed only haylage (Charmley and Duynisveld, 2004). 

4.2. Effect of Nutritional Management Regimen on Serum Metabolite Parameters 
 

 The effects of nutritional management regimen on cow serum concentrations for total 

protein, urea, glucose, beta-hydroxybutryrate (BHB), and non-esterified fatty acids (NEFA) are 

presented in Table 19. No differences were found among nutritional management regimens for 

total protein or urea concentrations during second trimester, third trimester, or throughout the 

gestation period (P > 0.25). Total protein concentrations are indicative of nutritional status 

(Doornenbal et al., 1988) and the liver’s ability to synthesize proteins (Sun et al., 2015). Since 

the non-supplemented MSHAYL regimen did not lower ADG or increase loss of fatness relative 

to supplemented MSHAYL, it is not surprising that total protein concentrations did not decrease. 

Therefore, the liver was not likely impaired by nutritional management regimen. The lack of 

differences in urea concentrations is surprising as HAYL fed cows consumed a greater amount of 

RDP in haylage by way of increased DMI versus MSHAYL cows. Rusche et al. (1993)  found 

that supplementing a high RDP or RUP supplement increased urea concentrations in gestating 

heifers. However, Baumann et al. (2004) found that urea levels were not affected by feeding high 

RDP sunflower meal relative to a predominantly grass hay diet to non-pregnant, non-lactating 

cows. Also surprising in the present study was that urea concentrations in non-supplemented 

MSHAYL cows did not differ from supplemented MSHAYL cows in third trimester. MSHAYL 

cows supplemented once per week had a large influx of crude protein intake on Wednesday 

mornings and blood was collected from cows about four hours later. Indeed, previous literature 

has shown that large influxes of crude protein intake by way of reducing the frequency of 

supplementation have significantly increased urea concentrations (Klein et al., 2014; 



80 
 

Cappellozza et al., 2015). However, as previously discussed, these past studies had higher levels 

of supplementation than the supplement inclusion rate fed in the present study. 

There were no differences found among nutritional management regimens for serum 

glucose concentrations during second and third trimesters or throughout gestation (P > 0.10). It is 

unexpected that supplementation did not increase glucose concentrations since calcium 

propionate is a gluconeogenic precursor and corn gluten meal is high in RUP, which provides 

potentially glucogenic amino acids for absorption. Post-partum trials have shown that 

supplementation with calcium propionate linearly increases glucose concentrations in the blood 

(Liu et al., 2010; Mulliniks et al., 2011b). No differences were found among nutritional 

management regimens for serum BHB concentrations during second trimester, third trimester, or 

throughout gestation (P > 0.61). This is likely related to the lack of results found for glucose 

concentrations, as a lack of glucose production metabolically necessitates an increase in ketone 

production to meet energy needs in the ruminant. Also important to note is that BHB values were 

well below 1200 µMol/L, the threshold indicative of subclinical ketosis, a metabolic disorder in 

which BHB derived from adipose tissue breakdown impairs liver function (LeBlanc, 2010). The 

lack of differences in BHB concentrations are consistent with the observation that none of the 

dietary regimens resulted in a loss of rib or rump fat during the gestation period, nor did they 

affect BCS (Table 17). Therefore, subcutaneous fat depots were likely not relied upon as an 

energy source during gestation. This is also supported by findings in the present study that no 

differences were found among nutritional management regimen for serum NEFA concentrations 

during second trimester, third trimester, or throughout gestation (P > 0.20). The lack of detected 

differences are consistent with Waterman et al. (2006) where supplementing calcium propionate 

and RUP did not affect NEFA concentrations. Other studies have also found that increasing 
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amounts of RUP or RDP during gestation did not affect NEFA concentrations (Rusche et al., 

1993; Engel et al., 2008). However, Radunz et al. (2010) reported that feeding only hay 

increased NEFA concentrations due to body tissue mobilization while NEFA levels decreased 

when a DDGS supplement was provided. 

  



82 
 

Table 14. Start of Trial Traits for Cows Allocated to Five Different Nutritional Management Regimens 

 Nutritional Management Regimen1   

  Frequency of Supplementation for Limit-fed 

Haylage (MSHAYL) Diets Fed with Straw Ad 

libitum 

  

Trait HAYL None 1x/Week 2x/Week 3x/Week S.E.2 P-Value 

Number of Cows3 35 38 39 33 33 - - 

Initial Weight (kg)4 693.9 679.7 687.4 708.5 704.4 35.00 0.403 

Age (yr) 5.9 5.8 5.8 6.0 5.7 0.40 0.971 

BCS5 2.9 2.8 2.8 2.9 2.9 0.11 0.882 

Rib Fat Depth 

(mm)6 7.8 7.3 7.0 9.1 7.0 0.71 0.212 

Rump Fat Depth 

(mm) 10.5 8.4 10.2 11.6 10.1 1.19 0.542 

LMA (cm2) 93.4 88.7 89.5 91.2 92.6 1.99 0.383 

Days in gestation 

(d) 
155.4 152.2 154.0 154.2 155.0 15.91 0.739 

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL 

(cows fed haylage at 0.8% of BW along with ad libitum straw with cows not supplemented (None for no 

supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or three times per week (3 

d/wk) for the last 75 days of gestation. 
2Standard error of treatment means. 
3Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
4Live body weight measurements are calculated based on conceptus-adjusted body weights. 
5BCS measurements scores on a scale from 0 to 5 with 0 = emaciated, hip bones tail head and ribs projecting to 5 

= tail head and hip bones covered with fatty tissue and ribs have fat folds. 
6Average subcutaneous fat (mm) cover over the 12th and 13th ribs. 

Table 14. Start of Trial Traits for Cows Allocated to Five Different Nutritional Management Regimens 
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Table 15. Effects of Nutritional Management Regimen on Dry Matter Intake (DMI), Metabolizable Energy Intake (MEI), and Feed Efficiency 

  Nutritional Management Regimen1   

 

 

Frequency of Supplementation for Limit-

fed Haylage (MSHAYL) Diets Fed with 

Straw Ad libitum 

  

P-Values for contrasts2 

Trait HAYL None 1x/Week 2x/Week 3x/Week S.E.3 P-Value 1 2 3 4 

Number of Cows4 35 38 39 33 33 - -  

DMI throughout gestation 

(kg/d) 
15.6 9.9 10.2 10.3 10.5 0.22 <0.001 <0.001 0.053 0.356 0.585 

2nd Trimester DMI (kg/d) 15.8 9.9 10.1 10.3 10.4 0.26 <0.001 <0.001 0.219 0.321 0.848 

3rd Trimester DMI (kg/d) 15.1 9.8 10.3 10.5 10.5 0.25 <0.001 <0.001 0.016 0.525 0.932 

MEI throughout gestation 

(Mcal/d) 
33.5 20.8 21.4 22.0 22.1 0.47 <0.001 <0.001 0.047 0.266 0.838 

2nd Trimester MEI (Mcal/d) 33.9 20.3 20.6 21.2 21.4 0.56 <0.001 <0.001 0.218 0.234 0.847 

3rd Trimester MEI (Mcal/d) 36.7 23.1 23.8 25.1 24.7 0.63 <0.001 <0.001 0.042 0.142 0.687 

FCR5 53.5 -55.7 233.4 21.7 -56.1 128.30 0.551  

RFIGest
5 2.01 -0.61 -0.30 -0.39 -0.56 0.258 <0.001 <0.001 0.459 0.547 0.633 

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage at 0.8% of BW along 

with ad libitum straw with cows not supplemented (None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or 

three times per week (3 d/wk) for the last 75 days of gestation.  
2Contrasts: 1 = cows fed HAYL (70% haylage/30% straw diet) vs. all ad lib straw based diets (MSHAYL); 2 = cows fed MSHAYL without 

supplementation vs. cows fed MSHAYL with supplementation; 3 = cows fed MSHAYL supplemented once a week vs. the average of cows fed 

MSHAYL supplemented two and three times a week; 4 = cows fed MSHAYL supplemented two times a week vs. cows fed MSHAYL supplemented 

three times a week. Contrasts are not applicable when P-Value for nutritional management regimen is > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5Average daily gain measurements and metabolic body weight measurements (MBWT) are calculated based on conceptus-adjusted body weights. 

 
Table 15. Effects of Nutritional Management Regimen on Dry Matter Intake (DMI), Metabolizable Energy Intake (MEI), and Feed Efficiency 
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Table 16. Effects of Nutritional Management Regimen on Pregnancy Corrected Cow Body Weight and Average Daily Gain 

  Nutritional Management Regimen1   

  Frequency of Supplementation for Limit-

fed Haylage (MSHAYL) Diets Fed with 

Straw Ad libitum 

  

P-Values for contrasts2 

Trait HAYL None 1x/Week 2x/Week 3x/Week S.E.3 P-Value 1 2 3 4 

Number of Cows4 35 38 39 33 33 - - 
 

Initial Weight (kg)5 693.9 679.7 687.4 708.5 704.4 35.00 0.403 

Final Gestation Weight (kg)6 746.6 688.0 690.5 714.5 712.4 35.28 0.002 <0.001 0.160 0.098 0.895 

Metabolic Body Weight (kg0.75) 139.4 133.9 134.5 137.8 137.4 5.81 0.101     

2nd Trimester ADG (kg/d) 1.08 0.46 0.38 0.40 0.36 0.067 <0.001 <0.001 0.273 0.913 0.682 

3rd Trimester ADG (kg/d) -0.12 -0.25 -0.19 -0.29 -0.27 0.091 0.230  

Gestation ADG (kg/d)7 0.41 0.04 0.00 0.04 0.03 0.044 <0.001 <0.001 0.722 0.540 0.997 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage at 0.8% of BW along with ad 

libitum straw with cows not supplemented (None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or three times 

per week (3 d/wk) for the last 75 days of gestation.  
2Contrasts: 1 = cows fed HAYL (70% haylage/30% straw diet) vs. all ad lib straw based diets (MSHAYL); 2 = cows fed MSHAYL without supplementation 

vs. cows fed MSHAYL with supplementation; 3 = cows fed MSHAYL supplemented once a week vs. the average of cows fed MSHAYL supplemented two 

and three times a week; 4 = cows fed MSHAYL supplemented two times a week vs. cows fed MSHAYL supplemented three times a week. Contrasts are not 

applicable when P-Value for nutritional management regimen is > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017).  
5Average daily gain measurements and metabolic body weight measurements (MBWT) are calculated based on conceptus-adjusted body weights. 
6Gestation corresponds to precalving measurements taken during 2nd trimester when days in gestations (DIG) < 207 days and during 3rd trimester where DIG > 

207 days. 
7Average of all measurements taken during both 2nd and 3rd trimesters of gestation. 

 
Table 16. Effects of Nutritional Management Regimen on Cow Body Weight and Average Daily Gain 
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Table 17. Effects of Nutritional Management Regimen on Cow Body Condition 

 Nutritional Management Regimen1   

  Frequency of Supplementation for 

Limit-fed Haylage (MSHAYL) Diets 

Fed with Straw Ad libitum 

  

P-Values for contrasts2 

Trait HAYL None 1x/wk 2x/wk 3x/wk S.E.3 P-Value 1 2 3 4 

Number of Cows4 35 38 39 33 33 - -     

Rib Fat Depth (mm)5 9.2 7.6 7.5 9.6 8.0 1.06 0.090 0.171 0.311 0.108 0.120 

Change in Rib Fat Depth (mm)6 
3.1 1.0 1.0 1.2 1.5 2.22 <0.001 <0.001 0.450 0.436 0.434 

Rump Fat Depth (mm)7 
12.9 9.5 10.4 12.6 11.5 0.09 0.115  

Change in Rump Fat Depth (mm)8 
4.2 2.0 1.3 2.5 1.5 2.42 0.003 <0.001 0.644 0.282 0.258 

Gestation BCS9 2.9 2.7 2.8 2.8 2.8 0.09 0.576     

2nd Trimester BCS10 2.9 2.8 2.8 2.9 2.9 0.11 0.811     

3rd Trimester BCS11 2.9 2.6 2.8 2.9 2.9 0.11 0.210     

LMA (cm2)12 92.9 88.6 86.4 89.7 90.8 1.59 0.054 0.025 0.819 0.045 0.649 

Change in LMA (cm2)13 
-1.2 -2.2 -3.1 -2.5 -3.6 1.23 0.704  

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage at 0.8% of BW along with ad libitum straw with 

cows not supplemented (None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of 

gestation.  
2Contrasts: 1 = cows fed HAYL (70% haylage/30% straw diet) vs. all ad lib straw based diets (MSHAYL); 2 = cows fed MSHAYL without supplementation vs. cows fed 

MSHAYL with supplementation; 3 = cows fed MSHAYL supplemented once a week vs. the average of cows fed MSHAYL supplemented two and three times a week; 4 = cows 

fed MSHAYL supplemented two times a week vs. cows fed MSHAYL supplemented three times a week. Contrasts are not applicable when P-Value for nutritional management 

regimen is > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5Average of all measurements of subcutaneous fat (mm) cover over the 12th and 13th ribs during gestation. 
6Change in subcutaneous rib fat depth (mm) between initial measurement and final pre-calving measurement. 
7Average of all measurements of subcutaneous rump fat depth (mm) during gestation. 
8Change in subcutaneous rump fat depth (mm) between initial and final pre-calving measurements during gestation. 
9Body condition score (BCS) as an average of all measurements collected throughout gestation. All BCS measurements scores on a scale from 0 to 5 with 0 = emaciated, hip 

bones tail head and ribs projecting to 5 = tail head and hip bones covered with fatty tissue and ribs have fat folds.  
10BCS as an average of all measurements collected throughout second trimester.  
11BCS as an average of all measurements collected throughout third trimester9 
12Average of all measurements of LMA (cm2) during gestation. 
13Change in longissimus muscle area (LMA) (cm2) between initial and final pre-calving measurements during gestation. 

 
Table 17. Effects of Nutritional Management Regimen on Cow Body Condition 
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Table 18. Effects of Nutritional Management Regimen on Reproduction Parameters 

  Nutritional Management Regimen1   

  Frequency of Supplementation for Limit-

fed Haylage (MSHAYL) Diets Fed with 

Straw Ad libitum 

  

P-Values for contrasts2 

Trait HAYL None 1x/Week 2x/Week 3x/Week S.E.3 P-Value 1 2 3 4 

Number of Cows4 35 38 39 33 33 - -  

Length of gestation 

(d) 280.5 283.5 284.1 283.0 283.4 1.94 0.040 0.003 0.956 0.390 0.781 

Pregnancy Rate5 (%) 62.8 71.2 69.1 84.3 72.4 8.35 0.456 

 

Weaning Rate6 (%) 94.7 98.2 98.6 93.6 92.8 5.01 0.691 

Birth Weight (kg) 39.3 40.2 40.7 38.8 39.9 1.07 0.701 

Calf ADG (kg/d) 1.13 1.15 1.16 1.11 1.13 0.082 0.837 

Weaning Weight (kg) 252.6 247.0 247.6 243.4 247.4 25.14 0.904 

Postcalving ADG7 0.04 -0.01 0.02 0.06 -0.06 0.091 0.814 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage at 0.8% of 

BW along with ad libitum straw with cows not supplemented (None for no supplementation) or supplemented once per week (1 d/wk), 

twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of gestation.  
2Contrasts: 1 = cows fed HAYL (70% haylage/30% straw diet) vs. all ad lib straw based diets (MSHAYL); 2 = cows fed MSHAYL 

without supplementation vs. cows fed MSHAYL with supplementation; 3 = cows fed MSHAYL supplemented once a week vs. the average 

of cows fed MSHAYL supplemented two and three times a week; 4 = cows fed MSHAYL supplemented two times a week vs. cows fed 

MSHAYL supplemented three times a week. Contrasts are not applicable when P-Value for nutritional management regimen is > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5 Pregnancy rate is the percentage of cows confirmed pregnant vs. open. 
6Weaning rate is the percentage of cows weaning their own calf vs. cows not weaning a calf due to death of calf or orphaning calf. 
7Post calving ADG is not adjusted for the weight of the conceptus. 

Table 18. Effects of Nutritional Management Regimen on Reproduction Parameters 
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Table 19. Effects of Nutritional Management Regimen on Total Protein, Urea, Glucose, β-hydroxybutyrate (BHB), and Nonesterified Fatty 

Acids (NEFA) Concentrations in Serum 

  Nutritional Management Regimen1  

  Frequency of Supplementation for Limit-fed Haylage 

(MSHAYL) Diets Fed with Straw Ad libitum 

  

Trait HAYL None 1x/Week 2x/Week 3x/Week S.E.2 P-Value 

Number of Cows3 35 38 39 33 33 - - 

Total Protein Throughout Gestation (g/L)4 70.8 70.8 71.2 71.2 69.9 0.56 0.482 

2nd Trimester Total Protein (g/L) 70.7 70.1 70.8 71.0 69.9 0.77 0.824 

3rd Trimester Total Protein (g/L) 71.0 71.5 71.8 71.4 70.0 0.82 0.530 

Urea Throughout Gestation (mMol/L) 4.5 4.5 4.6 4.6 4.6 0.09 0.885 

2nd Trimester Urea (mMol/L) 4.0 3.9 4.1 3.8 4.0 0.12 0.249 

3rd Trimester Urea (mMol/L) 5.0 5.2 5.1 5.4 5.3 0.12 0.256 

Glucose Throughout Gestation (mMol/L) 3.1 3.2 3.1 3.2 3.1 0.04 0.429 

2nd Trimester Glucose (mMol/L) 3.2 3.2 3.1 3.1 3.2 0.05 0.814 

3rd Trimester Glucose (mMol/L) 3.1 3.2 3.1 3.3 3.1 0.05 0.102 

BHB Throughout Gestation (µMol/L) 364.3 379.4 379.9 377.0 379.0 12.87 0.894 

2nd Trimester BHB (µMol/L) 380.7 418.4 408.2 399.2 406.8 23.30 0.805 

3rd Trimester BHB (µMol/L) 344.5 345.2 355.6 363.3 360.9 11.37 0.617 

NEFA Throughout Gestation (mMol/L) 0.16 0.15 0.14 0.16 0.15 0.007 0.428 

2nd Trimester NEFA (mMol/L) 0.12 0.11 0.12 0.13 0.12 0.006 0.203 

3rd Trimester NEFA (mMol/L) 0.20 0.18 0.17 0.20 0.18 0.014 0.621 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage at 0.8% of 

BW along with ad libitum straw with cows not supplemented (None for no supplementation) or supplemented once per week (1 d/wk), 

twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of gestation.  
2The pooled standard error of treatment means. 
3Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
4Gestation corresponds to precalving measurements taken during 2nd trimester when days in gestations (DIG) < 207 days and during 3rd 

trimester where DIG > 207 days. 
Table 19. Effects of Nutritional Management Regimen on Total Protein, Urea, Glucose, β-hydroxybutyrate (BHB), and Nonesterified Fatty Acids (NEFA) Concentrations in Serum 
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4.3. Effect of RFI2015 on Gestating Cow Performance 
 Cows were allocated to five nutritional management regimens in 2016 and 2017 based on 

previously determined RFI2015 values to ensure equal RFI values among regimens. RFI2015 was 

calculated during the 2015 gestation period (cows bred in 2015 to calve in spring 2016) when all 

cows were fed the HAYL diet. Cows were not allocated based on RFI rank; allocation was by 

RFI group classification separated by standard deviation, which is related to RFI values. At the 

start of the trial, there were differences among RFI2015 rank quartiles for body weight, rump fat 

depth, and LMA (P < 0.09; Table 20). Specifically, 1st quartile cows had significantly greater (P 

< 0.04; Contrast 1) body weights, rump fat depths, and LMA. In addition, 2nd quartile cows 

tended to have a smaller LMA (P < 0.06; Contrast 2) than the average of 3rd and 4th quartiles.  

4.3.1. Feed Intake During Gestation as Affected by RFI Rank 

 The effects of RFI2015 rank on feed intake are presented in Table 21. There were no 

differences among RFI2015 rank quartiles for DMI throughout gestation, second, or third trimester 

(P > 0.34). This is a surprising finding as lower values for RFI are associated with lower DMI 

values, due to the nature of RFI modelling; where cows in a similar level of production, but 

differing in DMI will be assigned higher or lower RFI values (Basarab et al., 2007). Thus, if 

RFI2015did not affect DMI in 2016 and 2017, then this is possible evidence that RFI2015 rank was 

not maintained throughout the years, assuming that cow performance traits such as ADG and 

MBWT were maintained throughout the years. Most trials that have tested the effects of RFI on 

subsequent DMI have tested post-weaning heifer RFI on subsequent pregnant heifer DMI (Hafla 

et al., 2013; Manafiazar et al., 2015), or on mature cow DMI (Archer et al., 2002; Black et al., 

2013). Although initial body weight differences may obscure findings for DMI, DMI as a 

percentage of BW also did not differ (P > 0.05) among RFI rank quartiles. These studies found 
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that post-weaning heifer RFI significantly affects DMI tests in subsequent periods. However, 

Davis et al. (2016) did not find that post-weaning heifer RFI affected DMI recorded one or two 

years later. These researchers considered this evidence of heifer RFI not affecting the life-time 

productivity of the mature cow. 

 Related to no differences in DMI across RFI2015 rank quartiles, there were no differences 

among RFI2015 rank quartiles for MEI throughout gestation or second trimester (P > 0.33). 

However, in third trimester, there was a tendency for MEI to be greater in 1st quartile cows than 

the average of other quartiles (P < 0.06; Contrast 1). This is an unexpected finding, although it is 

likely related to the previously discussed RFI Quartile differences in body weight at the 

beginning of the trial, in addition to the numerically higher DMI in 3rd trimester for 1st quartile 

cows. This finding contrasts with Basarab et al. (2003) which found that low RFI steers 

consumed less ME. It is argued that because low RFI animals partition less ME to heat 

production, they would require less ME to maintain production, relative to high RFI animals 

(Herd and Arthur, 2009). In support of this theory, MEI for 3rd quartile cows tended to be lower 

(P < 0.07; Contrast 3) in 3rd trimester than MEI for 4th quartile cows. However, other contrasts 

for MEI were not significant (P > 0.05), likely due to RFI determined in 2015 not carrying over 

to 2016 and 2017. 

4.3.2. Body Weights and ADG During Gestation as Affected by RFI2015 Rank 

 The effects of RFI2015 rank on cow body weights and ADG are presented in Table 22. 

Since initial weights differed between RFI2015 in the beginning of 2016 and 2017, other 

significant results for measures of body weight during gestation may be confounded by initial 

body weight differences. Initial body weight difference for RFI2015 quartiles could have been 

prevented by allocating cows based on RFI rank, not values, at the beginning of the trial. 
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Conceptus adjusted ADG throughout gestation and during second trimester were not different 

among RFI2015 quartiles (P > 0.13). While conceptus adjusted ADG during third trimester was 

differed among RFI2015 quartiles (P = 0.024), there was a RFI2015 by nutritional management 

regimen interaction for third trimester conceptus adjusted ADG (P = 0.041; Appendix Table 1). 

These results are consistent with the nature of RFI modelling, whereby measures of ADG are 

statistically independent of RFI due to ADG being embedded in the determination of RFI. 

Therefore, any differences among RFI groups in ADG for subsequent periods would be 

indicative of reduce RFI repeatability. Past studies have evidenced this by demonstrating that 

same period ADG is independent of RFI values and rank (Basarab et al., 2003; Meyer et al., 

2008; Walker et al., 2015). In addition, past studies also concur that RFI calculated during the 

heifer phase has no effect on ADG recorded during the mature cow phase (Black et al., 2013; 

Hafla et al., 2013; Manafiazar et al., 2015; Copping et al., 2018). 

4.3.3. Cow Body Condition During Gestation as Affected by RFI2015 Rank 

 The effects of RFI2015 rank on measures of cow body condition during gestation are 

presented in Table 23. Similar to initial weight differences, there were differences among RFI2015 

quartiles for initial rump fat depth and LMA. Therefore, results found during the 2016 and 2017 

gestation periods for these measures may be confounded by differences in initial body 

composition measurements. There were no differences among RFI2015 quartiles for BCS 

throughout gestation or during second trimester (P> 0.06). This is consistent with past studies 

that found no correlation between RFI and BCS during gestation (Basarab et al., 2007; Meyer et 

al., 2008; Hafla et al., 2013). In contrast, third trimester BCS differed among RFI2015 quartiles (P 

= 0.006), with 1st Quartile cows exhibiting higher BCS than the average of other quartiles (P = 

0.041; Contrast 1), and 2nd Quartile cows exhibiting lower BCS than the average of 3rd and 4th 
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Quartile cows (P = 0.007; Contrast 2). The reason for the apparent conflict between these two 

orthogonal contrasts is unclear, and possibly related to initial trial differences in body weight and 

rump fat depths. The greater 3rd trimester BCS for the first quartile in the present study is in 

agreement with Shaffer et al. (2011) where low RFI yearling heifers had a tendency for greater 

BCS than high RFI heifers. One limitation of the present study is that two different individuals 

measured BCS between 2016 and 2017. Although both researchers used the same BCS system 

(Lowman, 1976), inherent person-person bias cannot be ruled out. 

 There were no differences among RFI2015 quartiles for changes in or average rib fat depth 

throughout gestation (P > 0.13). This finding is expected, as RFI2015 models were corrected for 

on-test rib fat thickness, thus independence between RFI and rib fat is assumed. This 

independence seems to have carried over into 2016 and 2017. This is consistent with other trials 

in heifers and growing animals that adjusted RFI for backfat thickness, where backfat differences 

became non-significant when RFI was adjusted for rib fat depth (Arthur et al., 2003; Basarab et 

al., 2003; Basarab et al., 2011; Durunna et al., 2012). Indeed, Fitzsimons et al. (2014) did not 

adjust RFI for rib fat depth and it was found that selection for low RFI resulted in decreased trial 

rib fat.  However, this contrasts three other trials that did not find that unadjusted RFI resulted in 

decreased backfat for low RFI cattle (Richardson et al., 2001; Gomes et al., 2012; Lawrence et 

al., 2013). 

4.3.4. Measures of Cow Reproductive and Calf Pre-weaning Performance as Affected by RFI2015 

Rank 

 The effects of RFI2015 rank on measures of cow reproductive performance and calf ADG 

are presented in Table 24. There were no differences among RFI2015 quartiles for length of 

gestation or calf birth weight (P > 0.39). This finding is consistent with past studies that found 
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RFI determination on heifers did not affect gestation length or calf birth weight (Basarab et al., 

2011; Damiran et al., 2015). There were also no differences among RFI2015 quartiles for 

pregnancy rate, weaning rate, pre-weaning calf ADG, calf weaning weight, nor post-calving cow 

ADG (P > 0.20). Past studies have attributed a lack of significance among RFI groups to 

embedding measures of fatness within RFI models, thus preventing RFI from negatively 

affecting reproductive performance due to decreased cow condition. Indeed, Basarab et al. 

(2011) found that low RFI heifers had reduced pregnancy rates when RFI models were not 

adjusted for on-test rib fat depth. However, when RFI was adjusted for on-test rib fat, differences 

among RFI groups for pregnancy rates disappeared. This lack of significance for pregnancy rates 

among fat corrected RFI is consistent with most other past studies (Black et al., 2013; Damiran et 

al., 2015; Davis et al., 2016; Copping et al., 2018). In contrast, Fitzsimons et al. (2014) found 

that non-adjusted RFI did not result in different pregnancy or conception rates. However, the 

reason for this result may have been that measures of cow condition also did not differ between 

RFI groups. Overall, there were no RFI2015 effects for measures of cow reproductive 

performance. This may have been due to blocking RFI2015 for on-test rib fat depth, thus 

preventing low RFI cows from maintaining performance by losing fat reserves; thereby reducing 

body condition for subsequent breeding. However, the assumption that RFI2015 efficiency 

measures carried over to 2016 or 2017 is not supported in the present study. Therefore, 

inferences for fat correction of RFI for effects on reproduction are likely speculative with regards 

to the present study. 

4.4. Effects of RFI2015 Rank on Serum Metabolite Parameters 
 The effects of RFI2015 rank on serum concentrations of total protein, urea, glucose, 

betahydroxybutyrate (BHB), and non-esterified fatty acids (NEFA) during gestation are 

presented in Table 25. Total protein concentrations were affected (P = 0.04) by RFI2015 rank 
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throughout gestation while there were no differences among RFI2015 quartiles for total protein 

concentrations during second or third trimester (P > 0.18). Specifically, total protein 

concentrations were greater in 2nd Quartile cows than the average of 3rd and 4th quartiles (P = 

0.022; Contrast 2). The biological importance of this finding may be unclear due to the first 

contrast not being significant (P > 0.20). Nonetheless, lower RFI cows exhibiting greater total 

protein concentrations may be indicative of an increased capacity and ability within lower RFI 

cows’ livers to synthesize protein (Sun et al., 2015). However, this finding is in contrast to two 

other studies which found that low RFI resulted in decreased total protein concentrations  

(Richardson et al., 1996) or that RFI did not affect total protein concentrations (Fitzsimons et al., 

2014).  

There were no differences in second trimester, third trimester, or throughout gestation 

among RFI2015 quartiles for serum concentrations of urea, glucose, BHB, or NEFA (P > 0.14). In 

contrast, other studies have reported negative correlations between RFI and NEFA in cattle 

(Kelly et al., 2010; Wood et al., 2014) and in young broiler chickens (Metzler-Zebeli et al., 

2017), thus indicating that low RFI animals are better able to utilize mobilized fat stores. 

However, other studies have found that RFI does not affect serum concentrations of BHB, 

glucose, urea, or NEFA (Naou et al., 2012; Fitzsimons et al., 2014; Walker et al., 2015; Bourgon 

et al., 2017). Overall, due to the results of the present study, there is little evidence that RFI 

defined in 2015 affected the metabolic activities of the cows during 2016 and 2017. Again, it is 

possible this may be related to RFI2015 rank not carrying over throughout the years. 
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Table 20. Start of Trial Traits for Cows Ranked Into Quartiles Based on 2015 Gestation Data 

 

Table 20. Start of Trial Traits for Cows Ranked Into Quartiles Based on 2015 Gestation Data. 

 RFI Classification Quartile1  P-Values for contrasts2 

Trait 1 2 3 4 S.E.3 P-Value 1 2 3 

Number of Cows4 42 43 48 45 - -  

Body Weight (kg)5 722.6 666.8 695.3 695.1 32.57 0.065 0.031 0.104 0.999 

Age (yr) 5.7 5.5 5.7 6.4 0.37 0.183 

 BCS 2.9 2.8 2.8 3.9 0.10 0.341 

Rib Fat Depth (mm)6 8.5 7.0 7.6 7.5 0.65 0.411 

Rump Fat Depth (mm) 12.3 8.6 9.5 10.5 1.08 0.084 0.025 0.279 0.480 

LMA (cm2) 94.5 87.3 90.3 92.3 1.80 0.029 0.026 0.058 0.424 

Days in gestation (d) 128.7 132.8 130.2 136.0 5.82 0.174  
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median value; 3 = Median 

value to upper 25%; 4 = Upper 25% to upper 50% of values. 
2Contrasts: 1 = 1st quartile vs. average of 2nd, 3rd and 4th quartiles; 2 = 2nd quartile vs average 3rd and 4th quartiles; 3 = 3rd quartile vs 4th 

quartile.  P-values for contrasts are not presented when overall P-value for RFI Classification Quartile are > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017)  
3Number of cows in each RFI quartile evaluated over two years (2016 and 2017). 
4Live body weight measurements are calculated based on conceptus-adjusted body weights. 
5BCS measurements scores on a scale from 0 to 5 with 0 = emaciated, hip bones tail head and ribs projecting to 5 = tail head and hip bones 

covered with fatty tissue and ribs have fat folds. 
6Average subcutaneous fat (mm) cover over the 12th and 13th ribs. 
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Table 21. Effects of Previous RFI Rank on Dry Matter Intake (DMI), Metabolizable Energy Intake (MEI), and Feed Efficiency 

Table 21. Effects of Previous RFI Rank on Dry Matter Intake (DMI), Metabolizable Energy Intake (MEI), and Feed Efficiency 

 RFI Classification Quartile1  P-Values for contrasts2 

Trait 1 2 3 4 S.E.3 P-Value 1 2 3 

Number of Cows4 42 43 48 45 - -  

DMI throughout gestation 

(kg/d) 
11.5 11.1 11.2 11.4 0.55 0.456 

DMI % BW5 1.6 1.7 1.6 1.6 0.029 0.390 

2nd Trimester DMI (kg/d) 11.5 11.0 11.2 11.4 0.23 0.366 

3rd Trimester DMI (kg/d) 11.4 11.2 10.9 11.4 0.22 0.349 

MEI throughout gestation 

(Mcal/d) 
24.5 23.6 23.6 24.1 1.52 0.356 

2nd Trimester MEI 

(Mcal/d) 
24.0 22.9 23.3 23.8 0.90 0.339 

3rd Trimester MEI 

(Mcal/d) 
27.3 26.4 25.6 27.1 0.56 0.063 0.055 0.973 0.061 

FCR6 -46.3 278.4 26.5 -101.1 128.3 0.132  

RFIGest
6 0.12 0.18 -0.31 0.12 0.22 0.358 

1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median value; 3 = Median value to 

upper 25%; 4 = upper 25% to upper 50% of values. 
2Contrasts: 1 = 1st quartile vs. average of 2nd, 3rd and 4th quartiles; 2 = 2nd quartile vs average 3rd and 4th quartiles; 3 = 3rd quartile vs 4th quartile. 

P-values for contrasts are not presented when overall P-value for RFI Classification Quartile are > 0.10. 
3Standard error of treatment means.  
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5Dry matter intake (kg/d) as a percentage of body weight (kg) for a given period when DMI was determined.  
6Average daily gain measurements and metabolic body weight measurements (MBWT) are calculated based on conceptus-adjusted body weights. 
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Table 22. Effects of Previous RFI Classification on Cow Body Weights and Average Daily Gain 

Table 22. Effects of Previous RFI Classification on Cow Body Weights and Average Daily Gain 

 RFI Classification Quartile1  P-Values for contrasts2 

Trait 1 2 3 4 S.E.3 P-Value 1 2 3 

Number of Cows4 42 43 48 45 - -  

Initial Weight (kg)5 717.2 667.2 691.9 702.8 34.58 0.011 0.019 0.021 0.464 

Final Gestation Weight (kg)6 736.8 677.8 715.0 711.9 34.91 0.001 0.004 0.004 0.824 

Metabolic Body Weight (kg0.75) 140.1 132.3 136.7 137.3 5.76 0.004 0.008 0.010 0.791 

2nd Trimester ADG (kg/d) 0.57 0.56 0.54 0.48 0.060 0.690 

 3rd Trimester ADG (kg/d) -0.23 -0.31 -0.08 -0.27 0.095 0.0244 

Gestation ADG (kg/d)7 0.14 0.07 0.16 0.05 0.050 0.139 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median value; 3 = Median 

value to upper 25%; 4 = upper 25% to upper 50% of values. 
2Contrasts: 1 = 1st quartile vs. average of 2nd,3rd and 4th quartiles; 2 = 2nd quartile vs average 3rd and 4th quartiles; 3 = 3rd quartile vs 4th 

quartile. P-values for contrasts are not presented: 1) when the overall P-value for RFI Classification Quartile are > 0.10 and 2)  for 3rd 

trimester ADG where there was a nutritional management regimen by RFI quartile interaction (P < 0.05). 
3Standard error of treatment means.  
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5Average daily gain measurements and metabolic body weight measurements (MBWT) are calculated based on conceptus-adjusted body 

weights. 
6Gestation corresponds to precalving measurements taken during 2nd trimester when days in gestations (DIG) < 207 days and during 3rd 

trimester where DIG > 207 days. 
7Average of all measurements taken during both 2nd and 3rd trimesters of gestation. 
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Table 23. Effects of Previous RFI Classification on Cow Body Condition 

Table 23. Effects of Previous RFI Classification on Cow Body Condition 

 RFI Classification Quartile1  P-Values for contrasts2 

Trait 1 2 3 4 S.E.3 P-Value 1 2 3 

Number of Cows4 42 43 48 45 - -  

Gestation BCS5 2.9 2.6 2.7 2.9 0.10 0.069 0.104 0.106 0.160 

2nd Trimester BCS6 2.9 2.7 2.8 2.9 0.10 0.231  

3rd Trimester BCS7 3.0 2.6 2.8 3.0 0.09 0.006 0.041 0.007 0.229 

Rib Fat Depth (mm)8 9.3 7.3 8.4 8.5 1.01 0.136 
 

Change in Rib Fat Depth (mm)9 1.6 1.5 1.6 1.5 2.21 0.961 

Rump Fat Depth (mm)10 13.6 9.7 10.7 11.6 1.48 0.030 0.009 0.200 0.469 

Change in Rump Fat Depth (mm)11 2.4 2.2 2.3 2.3 2.41 0.992  

LMA (cm2)12 91.8 86.4 89.6 90.8 1.45 0.042 0.081 0.027 0.566 

Change in LMA (cm2)13 -3.8 -1.0 -1.4 -3.9 1.12 0.113  
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median value; 3 = Median 

value to upper 25%; 4 = upper 25% to upper 50% of values. 
2Contrasts: 1 = 1st quartile vs. average of 2nd, 3rd and 4th quartiles; 2 = 2nd quartile vs average 3rd and 4th quartiles; 3 = 3rd quartile vs 4th 

quartile. P-values for contrasts are not presented when overall P-value for RFI Classification Quartile are > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017)  
5Body condition score (BCS) as an average of all measurements collected throughout gestation. All BCS measurements scores on a scale from 0 

to 5 with 0 = emaciated, hip bones tail head and ribs projecting to 5 = tail head and hip bones covered with fatty tissue and ribs have fat folds.  
6BCS as an average of all measurements collected throughout second trimester.  
7BCS as an average of all measurements collected throughout third trimester  
8Average of all measurements of subcutaneous fat (mm) between the 12th and 13th ribs during gestation. 
9Change in subcutaneous rib fat depth (mm) between initial measurement and final pre-calving measurement. 
10Average of all measurements of subcutaneous rump fat depth (mm) during gestation. 
11Change in subcutaneous rump fat depth (mm) between initial and final pre-calving measurements during gestation. 
12Average of all measurements of LMA (cm2) during gestation. 
13Change in longissimus muscle area (LMA) (cm2) between initial and final pre-calving measurements during gestation. 
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Table 24. Effects of Residual Feed Intake Classification on Reproduction Parameters 

Table 24. Effects of Residual Feed Intake Classification on Reproduction Parameters 

 RFI Classification Quartile1  

Trait 1 2 3 4 S.E.2 P-Value 

Number of Cows3 38 39 33 33 35 - 

Length of gestation (d) 282.7 283.4 283.3 282.1 1.90 0.641 

Pregnancy Rate4 (%) 65.7 66.8 77.3 77.2 7.62 0.505 

Weaning Rate5 (%) 97.5 97.6 91.1 95.9 4.77 0.449 

Birth Weight (kg) 38.7 41.0 40.0 39.6 1.07 0.393 

Calf ADG (kg/d) 1.12 1.12 1.15 1.16 0.081 0.635 

Weaning Weight (kg) 239.1 245.6 249.1 256.8 24.94 0.208 

Postcalving ADG6 0.07 -0.09 0.07 -0.01 0.085 0.311 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 

25% to Median value; 3 = Median value to upper 25%; 4 = upper 25% to upper 50% of values. 
2Standard error of treatment means.  
3Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
4Pregnancy rate is the percentage of cows confirmed pregnant vs. open. 
5Weaning rate is the percentage of cows weaning their own calf vs. cows not weaning a calf due to death 

of calf or orphaning calf. 
6Post calving ADG is not adjusted for the weight of the conceptus. 
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Table 25. Effects of Previous RFI Classification on Total Protein, Urea, Glucose, β-hydroxybutyrate (BHB), and Nonesterified Fatty Acids (NEFA) Concentrations in Serum 

Table 25. Effects of previous RFI classification on Total Protein, Urea, Glucose, β-hydroxybutyrate (BHB), and Nonesterified Fatty Acids 

(NEFA) concentrations in serum 

 RFI Classification Quartile1  P-Values for contrasts2 

Trait 1 2 3 4 S.E.3 P-Value 1 2 3 

Number of Cows4 42 43 48 45 - -  

Total Protein Throughout Gestation (g/L)5 70.1 69.9 71.6 71.0 0.49 0.044 0.206 0.022 0.325 

2nd Trimester Total Protein (g/L) 69.6 70.0 71.3 70.7 0.71 0.262 

 

3rd Trimester Total Protein (g/L) 70.6 69.9 72.0 71.2 0.69 0.182 

Urea Throughout Gestation (mMol/L) 4.5 4.6 4.6 4.6 0.08 0.848 

2nd Trimester Urea (mMol/L) 4.0 3.9 4.0 4.0 0.11 0.881 

3rd Trimester Urea (mMol/L) 5.1 5.3 5.2 5.2 0.11 0.728 

Glucose Throughout Gestation (mMol/L) 3.1 3.1 3.2 3.1 0.03 0.259 

2nd Trimester Glucose (mMol/L) 3.1 3.1 3.2 3.1 0.05 0.142 

3rd Trimester Glucose (mMol/L) 3.2 3.2 3.2 3.1 0.05 0.940 

BHB Throughout Gestation (µMol/L) 379.6 370.4 379.6 366.0 11.21 0.727 

2nd Trimester BHB (µMol/L) 420.6 391.3 400.1 395.8 19.72 0.720 

3rd Trimester BHB (µMol/L) 346.4 354.5 361.1 343.4 10.18 0.526 

NEFA Throughout Gestation (mMol/L) 0.16 0.14 0.14 0.16 0.007 0.160 

2nd Trimester NEFA (mMol/L) 0.11 0.11 0.12 0.12 0.006 0.557 

3rd Trimester NEFA (mMol/L) 0.20 0.17 0.17 0.19 0.012 0.155 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median value; 3 = Median value to 

upper 25%; 4 = upper 25% to upper 50% of values. 
2Contrasts: 1 = 1st quartile vs. average of 2nd,3rd and 4th quartiles; 2 = 2nd quartile vs average 3rd and 4th quartiles; 3 = 3rd quartile vs 4th quartile. P-

values for contrasts are not presented when overall P-value for RFI Classification Quartile are > 0.10. 
3Standard error of treatment means. 
4Number of cows in each nutritional management regimen evaluated over two years (2016 and 2017). 
5Gestation corresponds to precalving measurements taken during 2nd trimester when days in gestations (DIG) < 207 days and during 3rd trimester 

where DIG > 207 days. 
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4.5. Effects of Year and Physiological Phase on RFI Rank 
 Most trials pertaining to female RFI reranking and repeatability have focused on selecting 

post-weaning or breeding heifers for RFI classification or rank, and then comparing that to RFI 

classification or rank as either pregnant heifers, or as cows (Archer et al., 2002; Black et al., 

2013; Hafla et al., 2013; Davis et al., 2018). This is likely due to the importance of selecting 

young heifers for low RFI rank, and then determine if they will be efficient later in life. This 

would allow breeders or producers to select and cull heifers based on RFI rank before they 

become mature, thus realizing the associated cost efficiencies of delivering less feed to a cow 

herd yet maintaining production. However, once the cow is mature, it is still important to 

determine if they are retaining their RFI status throughout their lifespan. This has not yet been 

the focus of many studies. 

4.5.1. Effects of Year and Nutritional Management Regimen on RFI Rank 

 Data during the 2015, 2016, and 2017 gestation periods were used to calculate RFIYear. 

The base RFI model (RFI-B) (Table 8) incorporated the effects of breed, conceptus adjusted 

ADG, conceptus adjusted MBWT, as well as average and changes in rib fat depth. This base 

model was compared to fitted models (RFI-F), where other previously discussed relevant cow 

gestation parameters were made available to improve the base model by way of backwards 

elimination stepwise regression. Base and fitted RFI models were calculated for all three years. 

Within each year, cows were ranked into quartiles, where 1st Quartile corresponds to cows with 

the lowest 25 percent of RFI values. 

 The effects of nutritional management regimen and year on RFI ranking is presented in 

Table 26. RFI quartile reranking was affected by year (P < 0.001) and by nutritional management 

regimen (P < 0.001). The interaction between year and nutritional management regimen was not 
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significant (P = 0.938). With regards to specific nutritional management regimens, 20 cows were 

managed using the HAYL regimen between years 1 and 2 with 75 percent of those cows 

reranking for RFI rank (Table 27). Furthermore, 10 cows were on the HAYL regimen between 

years 1 and 3 with 90 percent of those cows reranking for RFI rank (Table 28). Interestingly, in 

comparing years 1 and 3 HAYL cows, only one of the 10 cows ranked in the 4th Quartile in year 

1. However, all 10 cows were in the 4th Quartile for year 3. This change in RFI rank for HAYL 

cows may be related to the fact that in 2015, all cows were fed HAYL but some were changed to 

MSHAYL based management regimens in 2017. Indeed, it is likely that these different regimens 

that were applied caused 2017 HAYL cows to rank higher due to the relative palatability of 

HAYL versus other 2017 regimens, in addition to presumably less feed sorting being present 

within the TMR HAYL regimen. Furthermore, between years 1 and 3, cows on MSHAYL based 

management regimens tended to rank towards lower RFI rank quartiles. Cows on these 

management regimens consumed less energy and protein yet maintained the same production 

level as higher RFI cows. Therefore, the MSHAYL based management regimens were either 

associated with greater feed efficiency or caused cows to draw from an energy sink that was not 

accounted for in RFI models. In the present study, MSHAYL was not associated (P > 0.05) with 

any differences in cow reproductive performance, although fetal programming effects in 

subsequent generations cannot be ruled out (Scholljegerdes et al., 2016). 

 Few studies have attempted to determine the effects of time and diet on RFI ranking, 

since most studies on cows have fed consistent diets between periods. In heifers and steers, it has 

generally been accepted that higher forage diets result in more variable DMI values as well as the 

effect of rumen-fill induced curbing of voluntary feed intake, thus decreasing the accuracy of 

RFI calculations (Carberry et al., 2012; McGee et al., 2014; Mutch et al., 2017). Since the HAYL 
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regimen in the present study was an ad libitum TMR, feed management and delivery, rather than 

diet composition, may be the largest diet factor for management regimen effects on RFI ranking. 

This is supported by one study in multiparous cows which found that RFI status assessed feeding 

a maintenance diet did not result in the same RFI status when the diet was consumed ad libitum  

(Herd et al., 2010). In addition, it is important to note that the effect of environment from year to 

year on RFI reranking should be minimal. This is because cows were ranked, and so although 

RFI values may have changed on a herd basis due to effects such as harsher or milder winters, it 

would be assumed that this would not have affected ranking measures. However, as previously 

mentioned, the effect of trial year includes differing stages of maturity in some of the cows, 

which likely led to RFI reranking.   

4.5.2. RFIYear Repeatability 

 As described previously in the Materials & Methods, repeatability estimates for RFIYear 

were conducted in two ways: Spearman correlations between paired years (1 and 2, 1 and 3, 2 

and 3), and intraclass correlations (ratio-of-variance estimation method) for all three years. Base 

model RFI (RFI-B) in year 1 was not correlated to RFI-B in years 2 or 3 (P > 0.05; Table 29). 

This is consistent with results found by Black et al. (2013) which determined that RFI rank did 

not correlate to RFI measures in mature cows. In contrast, RFI-B was significantly (P < 0.001) 

correlated to respective fitted RFI (RFI-F) models for all three years. This would indicate that 

although fitted models tended to explain more of the variation in DMI than base models, (Table 

8) in order to reduce the amount of labour required to calculate further parameters for fitted RFI 

models, the base model is sufficient to estimate feed efficiency within a given year. Lastly, fitted 

model pooled data were significantly (P < 0.001) correlated to base and fitted models for years 2 

and 3. This may be related to the effect of age, whereby cows in year 1 were younger and some 
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were less mature, contributing to year 1 data having a smaller association with data in year 2 and 

3, as explained previously. This may have led the pooled data to be biased towards year 2 and 3 

data.  

 When analyzing intraclass correlation between years, the base model demonstrated 

greater repeatability (R = 0.10) than fitted models (R = 0.02).  However, when comparing 

confidence limits of repeatability values, there is no evidence that any of the repeatability 

estimates differed from zero (Table 30). Repeatability represents the upper limit of genetic 

heritability, yet it does not accurately account for environmental effects, leading to an 

overestimation of potential heritability values. The repeatability values found in this study for 

RFIYear are much lower than heritability values found in previous studies, which ranged from 

0.18 to 0.60 (Archer et al., 1997; Robinson and Oddy, 2004; Schenkel et al., 2004). Again, these 

cited studies either had younger animals, or animals fed consistent diets. Therefore, in addition to 

the small sample size relative to these other studies, dietary effects may have increased the 

variation of the error term of the model for repeatability estimation, thus supressing repeatability 

values in the present study. One study that used multiple records for repeatability estimation did 

find that RFI was repeatable (r = 0.62) between growing and finishing heifers fed differing diets 

(Kelly et al., 2010). However, this differs from the present study in that the experiment was not 

repeated over three years with the same animals. 

  4.5.3. RFIYear Partial Regression Coefficients 

 Partial regression coefficients for RFIYear base and fitted models are presented in 

Appendix Figures 1 to 6.  All figures are presented immediately after the Appendix Tables. 

Based on analyzing the base models for years 1, 2, and 3 (Appendix Figures 1, 2, and 3, 

respectively), it was determined that 16 to 49% of the base model RFIYear DMI variation was 
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explained by breed, 21 to 54% was explained by ADG, 9 to 39% was explained by MBWT and 7 

to 17% was explained by rib fat measures. This demonstrates that although inclusion of rib fat 

depth is beneficial for RFI modelling to block for apparent efficiency by way of fat loss, the 

labour associated with collecting ultrasound measures of fatness may preclude its inclusion due 

to the relatively small amount of variation in DMI it captures. This finding is consistent with 

other trials which have found that measures of fatness in RFI models have accounted for less 

than 4% (Montanholi et al., 2009), 5% (Richardson and Herd, 2004), and 6.8% (Basarab et al., 

2003) of the total variation in RFI. In fitted models for years 1, 2, and 3 (Appendix Figures 4, 5, 

and 6, respectively), 15 to 38% of the fitted model RFIYear variation was explained by breed. In 

year 1, age and breed accounted for 56% of the model. This is likely because cows were younger 

and, on average, less mature, and so breed was important for year one due to differences in 

maturity achievement and rates in different breeds, such as Angus and Simmental (Copping et 

al., 2018). In years two and three, age disappeared as a fitted trait, possibly due to cows in year 

one reaching maturity. In years one, two, and three, ADG accounted for 26, 48, and 15% of fitted 

model RFIYear variation, while MBWT accounted for 7, 15 and 28% respectively.  

 4.6. Effects of Physiological Phase and Gestation Nutritional Management 

Regimen on RFI Rank  
 Data during the 2017 gestation and lactation periods (n = 44) were used to calculate 

RFIPhase. As in RFIYear, the base model (RFI-B) (Table 10) incorporated the effects of breed, 

conceptus adjusted ADG, conceptus adjusted MBWT, as well as average and changes in rib fat 

depth. This base model was compared to fitted models (RFI-F), where other relevant cow 

parameters were made available to improve the base model by way of back elimination stepwise 

regression. Base and fitted RFI were calculated for both gestation and lactation periods and 

within each physiological phase; cows were ranked into quartiles, where 1st Quartile corresponds 
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to cows with the lowest 25 percent of RFI values. The major limitation of RFIPhase in the present 

study was a smaller sample size (n = 44) because many in the herd for spring of 2017 (n = 64) 

went to pasture, where DMI was not determined. Another major limitation was that milk 

production data were not collected for the lactation period, which would represent a major 

energy sink for RFI modelling. Select metabolites potentially related to RFI (Wood et al., 2014) 

were included as parameters in the fitted models to determine if lipid, energy or protein 

metabolism was affecting how cows ranked for RFI.  

 The effects of physiological phase and gestation nutritional management regimen on RFI 

rankings are presented in Table 26. RFI reranking was not affected by physiological phase (P > 

0.91), but was affected by gestation nutritional regimen (P = 0.003). The interaction between 

phase and regimen was not significant (P > 0.69). Analyzing specific management regimens, 6 

cows effectively maintained the HAYL diet between gestation and lactation, since the lactation 

ration was a predominantly TMR haylage/straw ration fed ad libitum (Table 31). Of those cows, 

33.3 percent reranked. Reranking between gestation and lactation for RFI has not generally been 

the focus of studies in ruminant trials. One trial in mice found that physiological phase did affect 

RFI classification (Hughes and Pitchford, 2004). This was attributed to the lactation phase 

causing lactating mice to have an increased level of metabolic production, such as milk 

production, thus increasing the variation in RFI. 

4.6.2. RFIPhase Repeatability 

 Repeatability estimation of RFIPhase was conducted in the same way as for RFIYear. As 

with RFIYear, RFIPhase base rank models were significantly (P < 0.001) correlated to respective 

fitted models (Table 32). Again, this demonstrates that adding additional parameters to these 

base models did not extensively affect how much variation was captured by fitted models versus 
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base models. This is also supported by the finding that RFI-F in gestation was not correlated to 

RFI-F in lactation (r = 0.30; P > 0.05), yet RFI-B in gestation was correlated to RFI-B in 

lactation (r = 0.62; P < 0.001). This indicates that the RFI base rank model was a repeatable 

measure across these physiological phases. Similarly, the pooled data fitted RFI rank model was 

significantly (P < 0.05) correlated to all other RFI rank models except RFI-F for gestation. 

Unlike RFIYear, RFIPhase data only had two records per cow. Therefore, it is less likely that pooled 

data would be biased against a subset of data. Lastly, with regards to residual metabolizable 

energy intake (RMEI), similar correlations were found as with each RMEI model’s 

corresponding RFI counterpart. This demonstrates that, for determining reranking between 

physiological phases, calculating RMEI instead of RFI is associated with any increase in 

repeatability. Therefore, only RFI should be calculated, since RMEI involves labour intensive 

analyzing of the composition of the feed that is fed to animals. 

 Intraclass correlation coefficients are similar to Spearman correlation coefficients for 

RFIPhase because there are only two records per cow, whereas RFIYear had either 2 or 3 records 

per cow (Table 33). RFI-B for phase was moderately repeatable (R = 0.63), while RFI-F for 

phase was less repeatable (R = 0.31). RMEI-B for phase was also moderately repeatable (R = 

0.63), while RMEI-F was less repeatable, with no evidence of differing from zero (R = 0.22). 

4.6.3. RFIPhase Partial Regression Coefficients 

  Partial regression coefficients for RFIPhase base and fitted models are presented in 

Appendix Figures 7 to 10.  Analyzing the base models for gestation and lactation (Appendix 

Figures 7 and 8, respectively), it was determined that breed accounted for 62 and 42% of RFI-B 

model variation in gestation and lactation, respectively. ADG accounted for 2 and 44% of RFI-B 

variation, while MBWT accounted for 31 and less than 1% of variation in gestation and 
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lactation, respectively. Therefore, breed and MBWT were important traits for RFI modelling in 

gestation. However, during lactation, ADG was the more important trait. In previous RFI 

modelling studies, MBWT has been proposed as an indicator of maintenance, while ADG is an 

indicator of production (Montanholi et al., 2009). This may reflect the metabolic and 

physiological differences of gestation versus lactation, where lactation metabolism drives the 

feeding of the calf, while gestation metabolism drives maintaining the cow’s body, assuming 

fetal weight has been accounted for (Drackley et al., 2001). As with RFIYear, rib fat depth 

measures accounted for a low proportion of variation in RFI, 5 and 14% for gestation and 

lactation, respectively. Again, although fatness measures are important to block against fat loss 

not being accounted for in RFI selection, the labour required to conduct ultrasound measures of 

fatness must be considered when selecting animals for RFI.  

 In the fitted models for gestation and lactation (Appendix Figures 9 and 10, respectively), 

breed accounted for 44 and 17% of the RFI-F variation in gestation and lactation, respectively. In 

gestation, MBWT and calf birth weight account for 22 and 29% of fitted model variation, while 

in lactation, ADG, average glucose, urea, and cholesterol accounted for 18, 10, 14, and 34% of 

RFI-F variation. This finding is supported by Kelly et al. (2010), who conducted a trial with 

finishing heifers, where stepwise multiple regression analysis determined that the metabolites, 

BHB and urea were significant contributors to the variation in RFI. Partial regression coefficients 

for their trial were 18 and 10%, respectively. 

 In conclusion, the gestation nutritional management regimen played a significant role in 

reranking, both between years and between physiological phases. This likely relates to the 

difference in palatability between the HAYL regimen and other regimens, whereby HAYL fed 

cows were offered their diet ad libitum and as a TMR. In addition to management regimen 
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effects, the effect of year was significant for reranking between 2015, 2016 and 2017. This may 

be related to maturity differences among cows between those years. Finally, physiological phase 

did not affect reranking. This was found even though milk production of beef cows was not 

accounted for during the lactation period. 
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Table 26. Effects of Nutritional Management Regimen (NMR), Year and Physiological Phase (Phase) on RFI and RMEI Ranking 

Table 26. Effects of Nutritional Management Regimen (NMR)1, Year2 and 

Physiological Phase (Phase)3 on RFI and RMEI Ranking 

RFI Year NMR Year x NMR 

P-Value < 0.001 < 0.001 0.938 

 

RFI Phase NMR Phase x NMR 

P-Value 0.914 0.003 0.696 

 

RMEI Phase NMR Phase x NMR 

P-Value 0.906 0.001 0.744 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet 

fed ad libitum); MSHAYL (cows fed haylage at 0.8% of BW along with ad 

libitum straw with cows not supplemented (None for no supplementation) or 

supplemented once per week (1 d/wk), twice per week (2 d/wk), or three times per 

week (3 d/wk) for the last 75 days of gestation. 
2Year pertains to the 2015, 2016 and 2017 gestation periods. 
3Phase pertains to the 2017 gestation and lactating periods. 
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Table 27. Nutritional Management Regimen Effects on RFI Rank from 2015 (Y1) to 2016 (Y2) 

Table 27. Nutritional Management Regimen Effects on RFI Rank from 2015 (Y1) to 2016 (Y2). 

 Nutritional Management Regimen1 

 Frequency of Supplementation of Limit-fed Haylage (MSHAYL) 

Diets Fed with Straw Ad libitum 

HAYL None 1 x Week 2 x Week 3 x Week 

Quartile2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 

1 4 1 4 7 5 5 4 6 4 5 

2 6 1 4 5 6 8 3 4 6 7 

3 4 5 4 6 9 6 6 3 3 5 

4 6 13 8 2 2 3 5 5 4 0 

Number 

Reranked 
15 15 16 12 13 

Total 

Number of 

Cows 

20 20 22 18 17 

Percentage 

Reranked 

(%) 

75.0 75.0 72.7 66.7 76.5 

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); 

MSHAYL (cows fed haylage at 0.8% of BW along with ad libitum straw with cows not supplemented 

(None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or 

three times per week (3 d/wk) for the last 75 days of gestation.  
2RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = 

Lower 25% to Median value; 3 = Median value to upper 25%; 4 = upper 25% to upper 50% of values. 
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Table 28. Nutritional Management Regimen Effects on RFI Rank from 2015 (Y1) to 2017 (Y3) 

Table 28. Nutritional Management Regimen Effects on RFI Rank from 2015 (Y1) to 2017 (Y3). 

 Nutritional Management Regimen1 

 Frequency of Supplementation of Limit-fed Haylage (MSHAYL) 

Diets Fed with Straw Ad libitum 

HAYL None 1 x Week 2 x Week 3 x Week 

Quartile2 Y1 Y3 Y1 Y3 Y1 Y3 Y1 Y3 Y1 Y3 

1 1 0 6 7 2 3 4 3 6 3 

2 5 0 4 3 2 6 4 4 0 4 

3 3 0 3 3 7 6 2 5 2 3 

4 1 10 3 3 5 1 3 1 3 1 

Number 

Reranked 
9 9 13 10 8 

Total 

Number of 

Cows 

10 16 16 13 11 

Percentage 

Reranked 

(%) 

90.0 56.3 81.3 76.9 72.7 

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); 

MSHAYL (cows fed haylage at 0.8% of BW along with ad libitum straw with cows not supplemented 

(None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or 

three times per week (3 d/wk) for the last 75 days of gestation.  
2RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = 

Lower 25% to Median value; 3 = Median value to upper 25%; 4 = upper 25% to upper 50% of values. 
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Table 29. Spearman correlation coefficients for RFI quartile rank for base (B) and fitted (F) models for years 2015 (1), 2016 (2) 
and 2017 (3) and for all years pooled 

Table 29. Spearman correlation coefficients for RFI quartile rank for base (B) and fitted 

(F) models for years 2015 (1), 2016 (2) and 2017 (3) and for all years pooled (P).1 

Trait RFI-B1 RFI-B2 RFI-B3 RFI-F1 RFI-F2 RFI-F3 RFI-FP 

N 108 97 66 108 97 66 108 

RFI-B1  -0.03 0.23 0.81** -0.04 -0.02 0.01 

RFI-B2   -0.02 -0.02 0.87** 0.06 0.43** 

RFI-B3    0.20 0.05 0.71** 0.72** 

RFI-F1     -0.05 0.01 0.01 

RFI-F2      0.18 0.51** 

RFI-F3       0.68** 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of 

values; 2 = Lower 25% to Median value; 3 = Median value to upper 25%; 4 = upper 25% 

to upper 50% of values. 
2Correlation coefficients differing from 0 at * (P< 0.05) or ** P < 0.001. 
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Table 30. Repeatability (R) estimates and confidence limits for RFI rank quartiles by model over 3 years 

Table 30. Repeatability (R) estimates and confidence limits for RFI rank quartiles by model over 3 

years 

Model N R1 S.E.2 Min Max 

RFI-B3 110 0.10 0.072 -0.04 0.26 

RFI-F4 110 0.01 0.070 -0.12 0.18 

RFI-Years5 110 0.00 0.069 -0.13 0.16 
1Repeatability (intraclass correlation) is defined from estimated variance components as the ratio of 

between-animal variance to the total estimated variance (sum of between and within animal variance) 

from repeated measures of RFI rank over 3 years. 
2Standard error is the square root of the sampling variance of the intraclass correlation (R). 
3RFI-Base calculated as daily DMI regressed on Breed, ADG, MBWT, Rib fat depth and change. 
4RFI-Fit calculated as daily DMI regressed on Breed and other traits significant for a given year (see 

Table 8). 
5RFI-Years calculated as daily DMI regressed on all three years pooled data for Breed, ADG, Age, 

Age2, BCS, and rump fat depth change. 
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Table 31. Nutritional Management Regimen Effects on RFI Rank by Physiological Phase (Gestation (Gest) or Lactation (Lact)) in 
2017 

Table 31. Nutritional Management Regimen Effects on RFI Rank by Physiological Phase 

(Gestation (Gest) or Lactation (Lact)) in 2017. 

 Nutritional Management Regimen1 

 Frequency of Supplementation of Limit-fed Haylage (MSHAYL) 

Diets Fed with Straw Ad libitum 

HAYL None 1 x/Week 2 x/Week 3 x/Week 

Quartile2 Gest Lact P1 P2 P1 P2 P1 P2 P1 P2 

1 0 0 3 4 1 1 3 2 2 2 

2 0 1 1 2 3 0 5 4 0 2 

3 0 1 3 1 2 4 1 3 4 1 

4 6 4 1 1 1 2 0 0 1 2 

Number 

Reranked 
2 5 5 5 5 

Total 

Number of 

Cows 

6 8 7 9 7 

Percentage 

Reranked 

(%) 

33.3 62.5 71.4 55.6 71.4 

1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); 

MSHAYL (cows fed haylage at 0.8% of BW along with ad libitum straw with cows not supplemented 

(None for no supplementation) or supplemented once per week (1 d/wk), twice per week (2 d/wk), or 

three times per week (3 d/wk) for the last 75 days of gestation.  
2RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = 

Lower 25% to Median value; 3 = Median value to upper 25%; 4 = upper 25% to upper 50% of values. 
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Table 32. Spearman correlation coefficients for RFI quartile rank for base (B) and fitted (F) models for physiological phases gestation (1) (n=44), and lactation (2) (n=44) and for 
both phases pooled 

Table 32. Spearman correlation coefficients for RFI quartile rank for base (B) and fitted (F) models for physiological phases 

gestation (G) (n=44), and lactation (L) (n=44) and for both phases pooled (P).1 

Trait RFI-BG RFI-BL RFI-FG RFI-FL RFI-FP RMEI-

BG 

RMEI-

BL 

RMEI-

FG 

RMEI-FL RMEI-FP 

RFI-B1  0.62** 0.67** 0.38* 0.40* 1.00** 0.62** 0.69** 0.33* 0.31 

RFI-B2   0.38* 0.67** 0.60** 0.62** 1.00** 0.34* 0.65** 0.62** 

RFI-F1    0.30 0.30 0.67** 0.38* 0.98** 0.25 0.23 

RFI-F2     0.62** 0.38* 0.67** 0.25 0.98** 0.64** 

RFI-F      0.40* 0.60** 0.27 0.57** 0.93** 

RMEI-B1       0.62** 0.69** 0.33* 0.31 

RMEI-B2        0.34* 0.65** 0.62** 

RMEI-F1         0.21 0.18 

RMEI-F2          0.62** 
1RFI values ranked into four quartile groups by year; 1 = Lower 50% to lower 25% of values; 2 = Lower 25% to Median 

value; 3 = Median value to upper 25%; 4 = upper 25% to upper 50% of values. 
2Correlation coefficients differing from 0 at * (P< 0.05) or ** P < 0.001. 
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Table 33. Repeatability (R) estimates and confidence limits for RFI rank quartiles by model from gestation to lactation 

Table 33. Repeatability (R) estimates and confidence limits for RFI rank quartiles by model from 

gestation to lactation 

Model N R1 S.E.2 Min Max 

Rank-RFIB3 37 0.63 0.125 0.39 0.79 

Rank-RFIF4 37 0.31 0.151 -0.01 0.57 

Rank-RMEIB5 37 0.63 0.100 0.39 0.79 

Rank-RMEIF6 37 0.22 0.159 -0.11 0.50 
1Repeatability (intraclass correlation) is defined from estimated variance components as the ratio of 

between-animal variance to the total estimated variance (sum of between and within animal variance) 

from repeated measures of RFI rank over 3 years. 
2Standard error is the square root of the sampling variance of the intraclass correlation (R). 
3RFI-Base calculated as daily DMI regressed on Breed, ADG, MBWT, Rib fat depth and change. 
4RFI-Fit calculated as daily DMI regressed on Breed and other traits significant for a given 

physiological phase (see Table 10). 
5RMEI-Base calculated as daily DMI regressed on Breed, ADG, MBWT, Rib fat depth and change. 
6RMEI-Fit calculated as daily DMI regressed on Breed and other traits significant for a given 

physiological phase (see Table 10). 
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5.0 Conclusions and Implications 
 The overall objective of the present study was to increase the profitability of cow-calf 

producers through determining whether strategic supplementation of low-quality roughage diets 

was sufficient for a cow to maintain condition, wean a healthy calf and become pregnant for 

bearing a calf on a yearly basis. The study also sought to determine how residual feed intake 

(RFI) is modelled and reranked between years and physiological phases when the nutritional 

management regimens were incorporated into the gestation herd feeding program. It was 

hypothesized that supplementing a low-quality ration with rumen undegradable protein and a 

gluconeogenic precursor at a reduced frequency per week would be effective for reducing the 

amount of costly haylage a producer needs to feed, all without reducing cow performance. 

Furthermore, RFI rank was predicted to rerank significantly across maturity stages, physiological 

phases and differing diets.  

 Use of different nutritional management regimens during gestation resulted in significant 

effects on cow performance. HAYL fed cows had greater DMI, ADG, accumulation of rib and 

rump fats, as well as decreased gestation lengths. These effects are likely related to the 

palatability of the total mixed ration HAYL regimen, compared to the decreased palatability of 

MSHAYL regimens, causing cows to consume more feed, and therefore more energy and 

protein. Supplemented MSHAYL fed cows relative to unsupplemented cows had decreased DMI 

and MEI during 3rd trimester, yet 3rd trimester ADG, condition, and reproductive performance 

were unaffected. This lack of effects could be related to the supplement not being fed at a high 

enough rate per week to elicit a response. Indeed, in the present study, supplementation only 

increased DMI, yet had no performance benefits associated with increased DMI. Therefore, the 

use of the supplement at this rate cannot be recommended for producer cow-calf herds since it 
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did not elicit any improvements in cow performance that would justify its purchase. Feeding the 

MSHAYL ration alone could be a viable alternative to the HAYL regimen, provided that the 

decrease in ADG, condition and increase in gestation length is deemed acceptable by the 

producer relative to the cost savings realized. In addition, there is the concern for fetal 

programming effects that would affect performance of male progeny in the feedlot and heifer 

progeny in the breeding herd.  It should also be noted that supplementation frequency did not 

affect DMI, MEI, ADG, fatness measures, or measures of reproductive performance. It is 

concluded that supplementation at this rate per week did not result in decreased performance 

when fed only once per week. However, the supplement was fed at only 0.32 g/kg BW, whereas 

other trials have higher supplement inclusion levels, making it difficult to determine if more 

frequent supplementation would result in less nutrient influx effects.  

 RFI2015 effects on cow performance were few and produced conflicting results. 

Differences were found for 3rd trimester MEI, but contrasts conflicted as to whether it was lower 

or higher quartile cows that had more or less MEI. Also, 1st Quartile cows had greater rump fat 

depth and LMA, likely caused by greater initial body weights for 1st Quartile cows. This is a 

surprising finding, given that RFI in 2015 was calculated based on blocking for rib fat measures. 

Lastly, no effects were found for ADG or reproductive performance. Most of the findings are 

consistent with the nature of RFI modelling, in that cows selected for low RFI should have the 

same performance yet differ in DMI. However, DMI did not differ among quartiles. This leads to 

questioning as to whether RFI2015 efficiency status carried over into 2016 and 2017. Overall, if 

RFI2015 did not carry over, then this study did not effectively test RFI effects on performance, 

since RFI2015 is likely to be biologically meaningless for 2016 and 2017 performance data. 
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Alternatively, it may be considered that there was simply too much variation in modelled 

parameters to accurately classify animals.  

 Challenging the biological relevance of RFI2015 is supported by the finding in the present 

study, that both year and nutritional management regimen affected how cows ranked between 

2015, 2016 and 2017 for RFIYear. Specifically, use of the HAYL regimen tended to increase RFI 

over the years, while use of the MSHAYL regimens tended to decrease RFI. Overall, there was 

no evidence that the repeatability of RFI across the three years differed from zero. However, it is 

difficult to determine how much of the variation in reranking is due to year versus nutritional 

management regimen. Fitted models corresponds to base models, and rib fat measures 

represented low contributions to total captured variation in RFI. This presents potential for RFI 

modelling to be refined, as the base model was sufficient to determine efficiency, and rib fat 

measures could be removed to reduce the amount of labour associated with collecting condition 

data. In contrast to RFIYear, RFI across the physiological phases of gestation and lactation 

(RFIPhase) was affected by gestation nutritional management regimen yet was repeatable between 

phases. Furthermore, it was found that MBWT was a major influence on RFI variation for 

gestation, while ADG was a major influence on RFI variation for the lactation period. These 

results are representative of the metabolic priorities of those periods and may provide insights in 

differentiating feed efficiency modelling in gestation versus lactation. Lastly, metabolites were 

included in fitted lactation models, resulting in a lower BIC and higher coefficient of 

determination than the respective base model. This may warrant further research to determine if 

collecting metabolite or hormonal data may elucidate underlying cellular mechanisms of feed 

efficiency. 
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 Future studies of this type should consider feeding the late gestation supplement used 

in the present study at a higher rate per week. Perhaps decreasing the energy level of the 

MSHAYL regimen and increasing the level of supplementation would help to determine the 

capabilities of the supplement in a manner that is cost efficient. Although RFI modelling for 

mature cows is important for cow-calf producer profitability, more work should be conducted to 

determine how dam RFI affects the full production chain of the beef industry such as progeny 

performance and progeny carcass characteristics. Finally, perhaps different measures of feed 

efficiency should be considered for mature beef cows. This is because RFI relies heavily on 

ADG values for gestating cows, which could be close to zero for some cows. Zero ADG may be 

mathematically problematic for RFI, as it is for feed conversion ratios. If RFI is to be used, ADG 

measures should be extremely precise and accurate. This is a challenge in gestating cows since it 

is hard to determine how much feed and energy are being used to maintain the cow, and 

precisely how much is being used to grow and maintain the conceptus. 
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6.0 Appendix 

 
 

34Appendix Table 1. ANOVA to Examine Effects of RFI2015 Quartile Rank, Nutritional Management Regimen and RFI Quartile 
Rank by Nutritional Management Regimen Interaction on Performance Traits 

  

Appendix Table 1. ANOVA to Examine Effects of RFI2015 Quartile Rank, Nutritional Management Regimen and 

RFI Quartile Rank by Nutritional Management Regimen Interaction on Performance Traits. 

Trait 

RFI Quartile 
Nutritional Management 

Regimen 

RFI Quartile x 

Nutritional Management 

Regimen 

DMI throughout gestation (kg/d) 0.456 < 0.001 0.381 

2nd Trimester DMI (kg/d) 0.366 < 0.001 0.595 

3rd Trimester DMI (kg/d) 0.349 < 0.001 0.093 

MEI throughout gestation (Mcal/d) 0.356 < 0.001 0.306 

2nd Trimester MEI (Mcal/d) 0.339 < 0.001 0.316 

3rd Trimester MEI (Mcal/d) 0.063 < 0.001 0.115 

FCR 0.132 0.551 0.373 

RFIGest 0.358 < 0.001 0.077 

Initial Weight (kg) 0.011 0.403 0.219 

Final Gestation Weight (kg) 0.001 0.002 0.662 

Metabolic Body Weight (kg0.75) 0.004 0.101 0.410 

2nd Trimester ADG (kg/d) 0.690 < 0.001 0.208 

3rd Trimester ADG (kg/d) 0.024 0.230 0.041 

Gestation ADG (kg/d) 0.139 < 0.001 0.186 

Gestation BCS 0.069 0.576 0.251 

2nd Trimester BCS 0.231 0.811 0.384 

3rd Trimester BCS 0.006 0.210 0.122 

Rib Fat Depth (mm) 0.136 0.090 0.346 

Change in Rib Fat Depth (mm) 0.961 < 0.001 0.654 

Rump Fat Depth (mm) 0.030 0.115 0.356 

Change in Rump Fat Depth (mm) 0.992 0.003 0.684 

LMA (cm2) 0.042 0.054 0.407 

Change in LMA (cm2) 0.113 0.704 0.101 

Length of gestation (d) 0.641 0.040 0.614 

Pregnancy Rate (%) 0.505 0.456 0.909 

Weaning Rate (%) 0.449 0.691 0.322 

Birth Weight (kg) 0.393 0.701 0.027 

Calf ADG (kg/d) 0.635 0.837 0.768 

Weaning Weight (kg) 0.208 0.904 0.222 

Postcalving ADG 0.311 0.814 0.805 
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35Appendix Table 2. Recommended net energy requirements for a 635 kg beef cow based on NRC (2000). 

 

Appendix Table 2. Recommended net energy requirements for a 635 kg beef cow based on NRC 

(2000). 

 Months since calving 

Requirement 10 12 

DM intake (kg/d) 12.2 12.5 

NEm (Mcal/kg) 0.97 1.23 

NEm (Mcal/d)1 
11.8 15.4 

30% below NRC (2000) NEm 

recommendation (Mcal/d) 
8.29 10.76 

30% above NRC (2000) NEm 

recommendation (Mcal/d) 15.38 19.99 

1NEm (Mcal/d) recommendations are calculated as the product of DM intake requirements (kg/d) 

and NEm requirements (Mcal/kg). 
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Appendix Table 3. Chemical Composition of Cow-Calf Mineral and Vitamin Premix1 

Calcium (%)  12.10 

Phosphorous (%)  4.10 

Sodium (%)  14.0 

Sulphur (%)  0.70 

Magnesium (%)  1.00 

Iron (mg/kg)  2,410 

Fluorine (mg/kg)  373 

Zinc (mg/kg)  4,004 

Copper (mg/kg)  843 

Manganese (mg/kg)  3,202 

Iodine (mg/kg)  48.30 

Cobalt (mg/kg)  47.70 

Selenium (mg/kg)  16 

Vitamin A (IU/kg)  604,000 

Vitamin D (IU/kg)  100,700 

Vitamin E (IU/g)  20,007 
1Premix fed at 18.3 grams per kg DM per day. 
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Appendix Table 4. Start of trial traits for cows previously fed a common diet in 2015 consisting of 

70% haylage and 30% millet straw (DMB)  

Trait   S.E.1 

Number of Cows2,3  110 -- 

Body Weight (kg)4  612.7 7.66 

Age (yr)  4.6 0.19 

DMI (kg/d) 12.8 0.25 

FCR (DMI/ADG) 41.5 16.45 

ADG (kg/d) 0.634 0.0280 

BCS  3.0 0.03 

Rib fat depth (mm)  7.7 0.33 

Rump fat depth (mm)  10.2 0.55 

LMA (cm2)5 89.4 0.74 

Days in gestation (d)6  131.0 1.52 

Calf Birth Weight (kg) 39.7 0.59 
1Standard error based for herd mean 
2101 cows from 2015 entered the trial in 2016; 9  previously open cows from from 2015 and 59 

cows from 2016 entered the trial in 2017. 
3initial measurements  from 2016 are used where possible (n = 101), except for cows that were used 

in 2017 only (n = 9). 
4Live body weights adjusted for growth of the conceptus. 
5Longissimus muscle area. 
6Difference between date of conception and beginning of feed trial date. 
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Appendix Table 5. Nutritional Management Regimen Effects on Cow Blood Parameters During Gestation 

  Nutritional Management Regimen    

 Time X 

Treatment 

Interaction 

 

Frequency of supplementation for 

Limit-fed Haylage (MSHAYL) 

Diets Fed with Straw Ad Libitum 

  P-Value for contrasts 

Trait 
 HAYL None 

1 d 

/wk 
2 d /wk 3 d /wk S.E. P-Value 1 2 3 4 

Calcium 0.826 2.22 2.20 2.27 2.25 2.21 0.017 0.014 0.495 0.019 0.062 0.060 

Phosphorus 0.687 2.01 1.92 2.03 1.98 2.06 0.033 0.028 0.741 0.005 0.819 0.077 

Ca:P ratio 0.364 1.13 1.20 1.13 1.16 1.08 0.020 0.002 0.576 0.002 0.812 0.005 

Mg 0.327 0.93 0.90 0.91 0.88 0.89 0.009 < 0.001 < 0.001 0.525 0.005 0.885 

Na 0.276 140.1 141.7 142.9 142.0 141.2 0.64 0.035 0.013 0.681 0.073 0.344 

K 0.168 4.50 4.44 4.48 4.44 4.48 0.037 0.717 0.388 0.541 0.707 0.379 

Cl 0.101 97.41 97.27 98.31 98.28 97.64 0.493 0.334 0.394 0.122 0.521 0.343 

Na:K ratio 0.455 31.17 31.35 31.52 31.65 31.41 0.217 0.604 0.223 0.473 0.978 0.412 

Protein 0.923 70.84 70.75 71.23 71.17 69.96 0.563 0.482 0.918 0.940 0.300 0.115 

Albumin 0.687 36.85 36.36 37.31 37.14 36.92 0.312 0.176 0.813 0.023 0.422 0.610 

Globulin 0.931 33.98 34.38 33.63 34.00 33.27 0.415 0.332 0.727 0.090 0.995 0.193 

A:G ratio 0.594 1.11 1.08 1.46 1.11 1.12 0.015 0.010 0.954 0.003 0.032 0.616 

Urea 0.080 4.54 4.53 4.60 4.56 4.63 0.089 0.885 0.660 0.482 0.971 0.500 

Glucose 0.273 3.13 3.18 3.11 3.18 3.14 0.037 0.429 0.611 0.344 0.178 0.379 

GGT 0.134 18.13 18.66 18.01 18.21 19.02 0.449 0.416 0.495 0.603 0.232 0.178 

AST 0.935 65.13 67.49 63.24 64.35 63.19 1.250 0.059 0.682 0.004 0.705 0.480 

GLDH 0.658 9.25 9.12 10.30 9.96 9.41 0.856 0.803 0.639 0.392 0.525 0.617 

BHB 0.713 364.3 379.4 379.9 377.0 379.0 12.65 0.894 0.308 0.955 0.896 0.906 

NEFA 0.735 0.16 0.14 0.14 0.16 0.15 0.008 0.428 0.352 0.450 0.229 0.352 

Haptoglobin 0.147 0.14 0.13 0.14 0.15 0.17 0.016 0.371 0.489 0.239 0.212 0.312 

CaOs 0.186 277.0 280.0 282.1 280.4 279.0 1.27 0.062 0.020 0.723 0.093 0.423 

Cholesterol 0.769 2.96 3.09 2.94 2.84 2.93 0.062 0.047 0.894 0.005 0.454 0.296 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed 

haylage at 1.0% of BW along with ad libitum straw with cows not supplemented (None for no supplementation) or 

supplemented once per week (1 d/wk), twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of 

gestation.  
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Appendix Table 6. Nutritional Management Regimen Effects on Cow Blood Parameters During Second Trimester 

 Nutritional Management Regimen    

 

 

Frequency of supplementation for Limit-fed 

Haylage (MSHAYL) Diets Fed with Straw 

Ad Libitum 

  P-Value for contrasts 

Trait HAYL None 1 d /wk 2 d /wk 3 d /wk S.E. P-Value 1 2 3 4 

Calcium 2.21 2.18 2.25 2.22 2.20 0.024 0.262 0.952 0.126 0.124 0.470 

Phosphorus 2.00 1.88 1.97 2.00 2.07 0.043 0.040 0.689 0.007 0.205 0.235 

Ca:P ratio 1.14 1.20 1.16 1.13 1.08 0.031 0.047 0.980 0.017 0.119 0.171 

Mg 0.95 0.91 0.92 0.88 0.89 0.011 < 0.001 < 0.001 0.244 0.005 0.710 

Na 142.1 143.3 143.6 142.5 142.4 0.66 0.319 0.203 0.504 0.110 0.949 

K 4.46 4.40 4.47 4.34 4.51 0.048 0.099 0.577 0.456 0.472 0.013 

Cl 98.91 98.72 98.96 98.69 98.89 0.503 0.991 0.857 0.811 0.768 0.773 

Na:K ratio 31.81 31.97 31.96 32.23 31.47 0.343 0.576 0.792 0.836 0.781 0.103 

Protein 70.66 70.07 70.76 70.98 69.92 0.785 0.824 0.787 0.562 0.731 0.330 

Albumin 36.75 35.66 37.32 36.85 36.59 0.471 0.120 0.779 0.016 0.278 0.687 

Globulin 34.15 34.48 33.64 34.22 33.41 0.532 0.564 0.713 0.213 0.774 0.271 

A:G ratio 1.10 1.06 1.14 1.09 1.11 0.020 0.053 0.918 0.019 0.065 0.499 

Urea 3.98 3.92 4.11 3.78 3.98 0.116 0.249 0.784 0.732 0.072 0.172 

Glucose 3.17 3.16 3.10 3.11 3.15 0.053 0.814 0.535 0.478 0.575 0.556 

GGT 19.23 19.13 19.42 19.17 20.99 0.701 0.246 0.568 0.328 0.410 0.056 

AST 65.41 68.72 63.95 66.12 65.29 1.903 0.396 0.772 0.076 0.416 0.741 

GLDH 11.78 10.71 12.98 12.89 12.72 1.677 0.801 0.767 0.220 0.928 0.934 

BHB 380.7 418.4 408.2 399.2 406.8 23.30 0.805 0.285 0.569 0.839 0.797 

NEFA 0.12 0.11 0.12 0.13 0.12 0.006 0.203 0.870 0.031 0.322 0.666 

Haptoglobin 0.15 0.15 0.16 0.17 0.18 0.016 0.436 0.245 0.193 0.462 0.472 

CaOs 280.2 282.3 283.0 280.1 280.9 1.31 0.324 0.331 0.491 0.091 0.653 

Cholesterol 3.00 3.16 2.97 2.90 3.06 0.096 0.291 0.824 0.069 0.915 0.218 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage 

at 1.0% of BW along with ad libitum straw with cows not supplemented (None for no supplementation) or supplemented once 

per week (1 d/wk), twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of gestation.  
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Appendix Table 7. Nutritional Management Regimen Effects on Cow Blood Parameters During Third Trimester 

 Nutritional Management Regimen    

 

 

Frequency of supplementation for Limit-fed 

Haylage (MSHAYL) Diets Fed with Straw 

Ad Libitum 

  P-Value for contrasts 

Trait HAYL None 1 d /wk 2 d /wk 3 d /wk S.E. P-Value 1 2 3 4 

Calcium 2.24 2.22 2.29 2.29 2.23 0.024 0.054 0.365 0.060 0.222 0.059 

Phosphorus 2.02 1.97 2.08 1.98 2.06 0.046 0.273 0.931 0.157 0.266 0.178 

Ca:P ratio 1.18 1.11 1.19 1.19 1.09 0.026 0.017 0.065 0.067 0.307 0.005 

Mg 0.91 0.89 0.90 0.89 0.88 0.014 0.397 0.128 0.845 0.194 0.904 

Na 140.3 142.1 141.8 139.9 139.9 1.10 0.069 0.023 0.390 0.285 0.195 

K 4.52 4.47 4.49 4.53 4.44 0.056 0.767 0.559 0.770 0.992 0.245 

Cl 95.93 95.95 97.68 98.20 96.48 0.844 0.119 0.221 0.080 0.705 0.118 

Na:K ratio 30.60 30.77 31.01 31.11 31.37 0.300 0.365 0.164 0.218 0.480 0.512 

Protein 71.04 71.45 71.76 70.00 71.04 0.819 0.530 0.905 0.625 0.228 0.196 

Albumin 37.21 37.28 37.61 37.57 37.50 0.400 0.915 0.522 0.488 0.869 0.896 

Globulin 33.98 34.44 33.78 33.85 33.16 0.626 0.637 0.808 0.197 0.687 0.398 

A:G ratio 1.10 1.08 1.14 1.12 1.12 0.020 0.239 0.752 0.035 0.356 0.985 

Urea 5.04 5.16 5.14 5.39 5.30 0.128 0.256 0.140 0.365 0.155 0.565 

Glucose 3.10 3.21 3.11 3.26 3.13 0.052 0.102 0.195 0.440 0.182 0.055 

GGT 17.01 18.13 16.55 17.27 17.09 0.563 0.277 0.693 0.052 0.319 0.808 

AST 63.29 62.32 59.29 59.61 57.83 1.546 0.061 0.043 0.035 0.735 0.375 

GLDH 7.46 7.36 7.60 6.98 6.06 0.465 0.099 0.369 0.318 0.037 0.130 

BHB 344.5 345.2 355.6 363.3 360.9 11.37 0.617 0.348 0.225 0.611 0.870 

NEFA 0.20 0.18 0.17 0.20 0.18 0.015 0.621 0.349 0.907 0.335 0.392 

Haptoglobin 0.12 0.11 0.12 0.12 0.12 0.005 0.472 0.357 0.243 0.278 0.716 

CaOs 273.9 278.1 281.2 281.1 277.9 2.18 0.078 0.025 0.421 0.379 0.162 

Cholesterol 2.94 3.03 2.99 2.80 2.84 0.073 0.085 0.745 0.049 0.040 0.739 
1Nutritional Management Regimen includes: HAYL (70% haylage/30% straw diet fed ad libitum); MSHAYL (cows fed haylage 

at 1.0% of BW along with ad libitum straw with cows not supplemented (None for no supplementation) or supplemented once 

per week (1 d/wk), twice per week (2 d/wk), or three times per week (3 d/wk) for the last 75 days of gestation.  
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Figure 1Appendix Figure 1. Relative contribution of each parameter to the total variation of DMI for RFI-B1 (R2 =0.42) in 2015 

 

Figure 2Appendix Figure 2. Relative contribution of each parameter to the total variation of DMI for RFI-B2 (R2 =0.52) in 2016 
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3Appendix Figure 3. Relative contribution of each parameter to the total variation of DMI for RFI-B3 (R2 =0.43) in 2017 

 

4Appendix Figure 4. Relative contribution of each parameter to the total variation of DMI RFI-F1 (R2 =0.53) in 2015 
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5Appendix Figure 5. Relative contribution of each parameter to the total variation of DMI for RFI-F2 (R2 =0.58) in 2016 

 

6Appendix Figure 6. Relative contribution of each parameter to the total variation of DMI for RFI-F3 (R2 =0.61) in 2017 
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7Appendix Figure 7. Relative contribution of each parameter to the total variation of DMI for RFI-B (R2 =0.34) in gestation 

 

8Appendix Figure 8. Relative contribution of each parameter to the total variation of DMI for RFI-B (R2 =0.25) in lactation 
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9Appendix Figure 9. Relative contribution of each parameter to the total variation of DMI for RFI-F (R2 =0.48) in gestation 

 

10Appendix Figure 10. Relative contribution of each parameter to the total variation of DMI for RFI-F (R2 =0.60) in lactation

 

44%

1%22%

1%
3%

29%

Appendix Figure 9. Relative contribution of each 
parameter to the total variation of DMI for RFI-F 

(R2 =0.48) in gestation

Breed

ADG

MBWT

xR̅ib

ΔRIB

Calf WT

17%

19%

0%

1%5%
10%

14%

34%

Appendix Figure 10. Relative contribution of 
each parameter to the total variation of DMI for 

RFI-F (R2 =0.60) in lactation

Breed

ADG

MBWT

xR̅ib

ΔRIB

x̅[Glc]

x[̅Urea]

x[̅Chol]



133 
 

7.0 Works Cited 
Anez-Osuna, F., G. B. Penner, P. G. Jefferson, H. A. Lardner, and J. J. McKinnon. 2017. Effects 

of alternate day supplementation at two levels of energy on intake, rumen fermentation, and 

digestibility of beef heifers fed cool-season perennial grass hay. J. Anim. Sci. 95:407–419. 

Archer, J. A., P. F. Arthur, R. M. Herd, P. F. Parnell, and W. S. Pitchford. 1997. Optimum 

Postweaning Test for Measurement of Growth Rate, Feed Intake, and Feed Efficiency in British 

Breed Cattle. J. Anim. Sci. 75:2024–2032. 

Archer, J., A. Reverter, and R. Herd. 2002. Genetic variation in feed intake and efficiency of 

mature beef cows and relationships with postweaning measurements. In: 7th World Congress on 

Genetics Applied to Livestock Production. Montpellier, France. p. 221–224.  

Arthur, P. F., J. A. Archer, D. J. Johnston, R. M. Herd, E. C. Richardson, and P. F. Parnell. 

2001a. Genetic and phenotypic variance and covariance components for methane emission and 

postweaning traits in Angus cattle. J. Anim. Sci. 79:2805–2811. 

Arthur, P. F., and R. M. Herd. 2008. Residual feed intake in beef cattle. Rev. Bras. Zootec. 

37:269–279.  

Arthur, P. F., R. M. Herd, and J. A. Archer. 2003. Should Measures of Body Composition be 

Included in the Model for Residual Feed Intake in Beef Cattle? In: Association for the 

Advancement of Animal Breedings and Genetics Volume 15. p. 306–309. 

Arthur, P. F., G. Renand, and D. Krauss. 2001b. Genetic and phenotypic relationships among 

different measures of growth and feed efficiency in young Charolais bulls. Livest. Prod. Sci. 

68:131–139. 

Baker, S. D., J. I. Szasz, T. a Klein, P. S. Kuber, C. W. Hunt, J. B. Glaze Jr., D. Falk, R. Richard, 

J. C. Miller, R. Battaglia, and R. Hill. 2006. Residual Feed Intake of Purebred Angus Steeers: 

Effects on Meat Quality and Palatability. J. Anim. Sci. 84:938–945. 

Baldwin, R. L., N. E. Smith, J. Taylor, and M. Sharp. 1980. Manipulating Metabolic Parameters 

to Improve Growth Rate and Milk Secretion. J. Anim. Sci. 51:1416–1428. 

Banta, J. P., D. L. Lalman, C. R. Krehbiel, and R. P. Wettemann. 2008. Whole soybean 

supplementation and cow age class: Effects on intake, digestion, performance, and reproduction 

of beef cows. J. Anim. Sci. 86:1868–1878. 

Banta, J. P., D. L. Lalman, F. N. Owens, C. R. Krehbiel, and R. P. Wettemann. 2006. Effects of 

interval-feeding whole sunflower seeds during mid to late gestation on performance of beef cows 

and their progeny. J. Anim. Sci. 84:2410–2417. 

Banta, J. P., D. L. Lalman, F. N. Owens, C. R. Krehbiel, and R. P. Wettemann. 2011. Effects of 

prepartum supplementation of linoleic and mid-oleic sunflower seed on cow performance, cow 

reproduction, and calf performance from birth through slaughter, and effects on intake and 

digestion in steers. J. Anim. Sci. 89:3718–3727. 

Bart, E. M., M. D. Hanigan, D. M. Spurlock, M. J. VandeHaar, and R. R. Cockrum. 2016. Feed 

efficiency is associated with reproductive performance in dairy cows. J. Anim. Sci. 94:346–347.  



134 
 

Basarab, J. A., M. G. Colazo, D. J. Ambrose, S. Novak, D. McCartney, and V. S. Baron. 2011. 

Residual feed intake adjusted for backfat thickness and feeding frequency is independent of 

fertility in beef heifers. Can. J. Anim. Sci. 91:573–584.  

Basarab, J. A., D. McCartney, E. K. Okine, and V. S. Baron. 2007. Relationships between 

progeny residual feed intake and dam productivity traits. Can. J. Anim. Sci. 87:489–502. 

Basarab, J. A., M. A. Price, J. L. Aalhus, E. K. Okine, W. M. Snelling, and K. L. Lyle. 2003. 

Residual feed intake and body composition in young growing cattle. Can. J. Anim. Sci. 83:189–

204. 

Bassett, J. M. 1986. Nutrition of the conceptus: Aspects of its regulation. In: Nutritional Society. 

Aberdeen, U.K. p. 1–10. 

Baumann, T. A., G. P. Lardy, J. S. Caton, and V. L. Anderson. 2004. Effect of energy source and 

ruminally degradable protein addition on performance of lactating beef cows and digestion 

characteristics of steers. J. Anim. Sci. 82:2667–2678. 

Beaty, J. L., R. C. Cochran, B. A. Lintzenich, E. S. Vanzant, J. L. Morril, R. T. Brandt, and D. E. 

Johnson. 1994. Effect of frequency of supplementation and protein concentration in supplements 

on perfomance and digestion characteristics of beef cattle consuming low quality forages. J. 

Anim. Sci. 72:2475–2486. 

Bell, A. W., and D. E. Bauman. 1997. Adaptations of Glucose Metabolism During Pregnancy 

and Lactation. J. Mammary Gland Biol. Neoplasia 2:265–278.  

Berry, D. P., and J. J. Crowley. 2013. CELL BIOLOGY SYMPOSIUM : Genetics of feed 

efficiency in dairy and beef cattle. J. Anim. Sci. 91:1594–1613. 

Black, T. E., K. M. Bischoff, V. R. G. Mercadante, G. H. L. Marquezini, N. Dilorenzo, C. C. 

Chase, S. W. Coleman, T. D. Maddock, and G. C. Lamb. 2013. Relationships among 

performance, residual feed intake, and temperament assessed in growing beef heifers and 

subsequently as 3-year-old, lactating beef cows. J. Anim. Sci. 91:2254–2263. 

Bohnert, D. W., C. S. Schauer, M. L. Bauer, and T. DelCurto. 2002. Influence of rumen protein 

degradability and supplementation frequency on steers consuming low-quality forage: I. Site of 

digestion and microbial efficiency. J. Anim. Sci. 80:2967–2977. 

Bottje, W. G., and G. E. Carstens. 2009. Association of mitochondrial function and feed 

efficiency in poultry and livestock species. J. Anim. Sci. 87:48–63. 

Bourgon, S. L., M. Diel de Amorim, S. P. Miller, and Y. R. Montanholi. 2017. Associations of 

blood parameters with age, feed efficiency and sampling routine in young beef bulls. Livest. Sci. 

195:27–37.  

Bowman, J. G. P., B. F. Sowell, L. M. M. Surber, and T. K. Daniels. 2004. Nonstructural 

carbohydrate supplementation of yearling heifers and range beef cows. J. Anim. Sci. 82:2724–

2733. 

Brockman, R. P. 2005. Glucose and Short Chain Fatty Acid Metabolism. In: Qualitative aspects 

of ruminant digestion and metabolism. CAB International, Willingford, UK. p. 291–310. 



135 
 

Byerley, D. J., R. B. Staigmiller, J. G. Berardinelli, and R. E. Short. 1987. Pregnancy rates of 

beef heifers bred either on puberal or third estrus. J. Anim. Sci. 65:645–650. 

Cappellozza, B. I., R. F. Cooke, M. M. Reis, R. S. Marques, T. A. Guarnieri Filho, G. A. Perry, 

D. B. Jump, K. A. Lytle, and D. W. Bohnert. 2015. Effects of protein supplementation frequency 

on physiological responses associated with reproduction in beef cows. J. Anim. Sci. 93:386–394. 

Carberry, C. A., D. A. Kenny, S. Han, M. S. McCabe, and S. M. Waters. 2012. Effect of 

phenotypic residual feed intake and dietary forage content on the rumen microbial community of 

beef cattle. Appl. Environ. Microbiol. 78:4949–4958. 

Carstens, G. E., and M. S. Kerley. 2009. Biological basis for variation in energetic efficiency of 

beef cattle. In: Proceedings of the Beef Improvement Federation 41st Annual Research 

Symposium. Sacramento, California, USA. p. 132–136. 

Cassady, C. J., T. L. Felix, J. E. Beever, D. W. Shike, J. Taylor, M. Kerley, R. Schnabel, E. 

Marques, D. Garrick, S. Hansen, D. Loy, R. Weaber, C. Seabury, J. Beever, D. Shike, S. 

Fahrenkrug, M. Spangler, K. Johnson, H. Neibergs, T. Sonstegard, H. Freetly, and J. Pollak. 

2016. Effects of timing and duration of test period and diet type on intake and feed efficiency of 

Charolais-sired cattle. J. Anim. Sci. 94:4748–4758. 

Charmley, E., and J. Duynisveld. 2004. The partial replacement of silage with straw, with or 

without barley or soybean meal, in rations for winter calving beef cows. Can. J. Anim. Sci. 

84:245–254.  

Commodity Costs and Returns. 2011. United States Dep. Agric. Econ. Reasearch Serv.  

Cooke, R. F., J. D. Arthington, D. B. Araujo, G. C. Lamb, and A. D. Ealy. 2008. Effects of 

supplementation frequency on performance, reproductive, and metabolic responses of Brahman-

crossbred females. J. Anim. Sci. 86:2296–2309. 

Copping, K. J., J. M. Accioly, M. P. B. Deland, N. J. Edwards, J. F. Graham, M. L. Hebart, R. 

M. Herd, F. M. Jones, M. Laurence, S. J. Lee, E. J. Speijers, and W. S. Pitchford. 2018. 

Divergent genotypes for fatness or residual feed intake in Angus cattle. 3. Performance of mature 

cows. Anim. Prod. Sci. 58:55–66. 

Coyle, S., C. Fitzsimons, D. A. Kenny, A. K. Kelly, and M. McGee. 2016. Repeatability of feed 

efficiency in beef cattle offered grass silage and zero-grazed grass. J. Anim. Sci. 94:719.  

Crowley, J. J., M. Mcgee, D. A. Kenny, D. H. C. Jr, R. D. Evans, and D. P. Berry. 2010. 

Phenotypic and genetic parameters for different measures of feed efficiency in different breeds 

of Irish performance-tested beef bulls. J. Anim. Sci. 88:885–894. 

Damiran, D., G. Penner, K. Larson, and H. A. Lardner. 2015. Phenotypic relationships of 

residual feed intake with growth, feeding behavor, and reproductive performance of beef heifers. 

In: Proceedings of the Western Section, American Society of Animal Science. Vol. 66. Ruidoso, 

New Mexico. p. 286–290. 

Davis, M. E., P. A. Lancaster, J. J. Rutledge, and L. V. Cundiff. 2016. Life cycle efficiency of 

beef production: VIII. Relationship between residual feed intake of heifers and subsequent cow 

efficiency ratios. J. Anim. Sci. 94:4860–4871. 



136 
 

Davis, M. E., P. A. Lancaster, J. J. Rutledge, and L. V. Cundiff. 2018. Life cycle efficiency of 

beef production: IX. Relationship between residual feed intake of heifers and subsequent cow 

efficiency ratios based on harvest, carcass, and wholesale cut weight outputs. J. Anim. Sci. 

96:430–443. 

Davis, M. P., M. A. Brooks, and M. S. Kerley. 2016. Relationship between residual feed intake 

and lymphocyte mitochondrial complex protein concentration and ratio in crossbred steers. J. 

Anim. Sci. 94:1587–1591. 

Dhuyvetter, D. V., M. K. Petersen, R. P. Ansotegui, R. A. Bellows, B. Nisley, R. Brownson, and 

M. W. Tess. 1993. Reproductive efficiency of range beef cows fed different quantities of 

ruminally undegradable protein before breeding. J. Anim. Sci. 71:2586–2593. 

Dietz, R. E., J. B. Hall, W. D. Whittier, F. Elvinger, and D. E. Eversole. 2003. Effects of feeding 

supplemental fat to beef cows on cold tolerance in newborn calves. J. Anim. Sci. 81:885–894. 

Donoghue, K. A., P. F. Arthur, J. F. Wilkins, and R. M. Herd. 2011. Onset of puberty and early-

life reproduction in Angus females divergently selected for post-weaning residual feed intake. 

Anim. Prod. Sci. 51:183–190. 

Doornenbal, H., A. K. Tong, and N. L. Murray. 1988. Reference values of blood parameters in 

beef cattle of different ages and stages of lactation. Can. J. Vet. Res. 52:99–105. 

Drackley, J. K., T. R. Overton, and G. N. Douglas. 2001. Adaptations of Glucose and Long-

Chain Fatty Acid Metabolism in Liver of Dairy Cows during the Periparturient Period. J. Dairy 

Sci. 84:E100–E112.  

Drewnoski, M. E., G. B. Huntington, and M. H. Poore. 2014. Reduced supplementation 

frequency increased insulin-like growth factor 1 in beef steers fed medium quality hay and 

supplemented with a soybean hull and corn gluten feed blend. J. Anim. Sci. 92:2546–2553. 

Drewnoski, M. E., M. H. Poore, and G. A. Benson. 2011. Effect of frequency of supplementation 

of a soyhulls and corn gluten feed blend on hay intake and performance of growing steers. Anim. 

Feed Sci. Technol. 164:38–44.  

Durunna, O. N., M. G. Colazo, D. J. Ambrose, D. Mccartney, V. S. Baron, and J. A. Basarab. 

2012. Evidence of residual feed intake reranking in crossbred replacement heifers. J. Anim. Sci. 

90:734–741. 

Durunna, O. N., F. D. N. Mujibi, L. Goonewardene, E. K. Okine, J. A. Basarab, Z. Wang, and S. 

S. Moore. 2011. Feed efficiency differences and reranking in beef steers fed grower and finisher 

diets. J. Anim. Sci. 89:158–167. 

Engel, C. L., H. H. Patterson, and G. A. Perry. 2008. Effect of dried corn distillers grains plus 

solubles compared with soybean hulls, in late gestation heifer diets, on animal and reproductive 

performance. J. Anim. Sci. 86:1697–1708. 

Ferrell, C. L., W. N. Garrett, and N. Hinman. 1976. Growth, development and composition of the 

udder and gravid uterus of beef heifers during pregnancy. J. Anim. Sci. 42:1477–1489. 

Ferrell, C. L., and T. G. Jenkins. 1988. Influence of biological types on energy requirements. In: 

Grazing Livestock Nutrition Conference. Oklahoma State University, Stillwater, Okla. p. 86–90. 



137 
 

Fitzsimons, C., D. A. Kenny, A. G. Fahey, and M. McGee. 2014. Feeding behavior, ruminal 

fermentation, and performance of pregnant beef cows differing in phenotypic residual feed 

intake offered grass silage. J. Anim. Sci. 92:2170–2181. 

Geppert, T. C., A. M. Meyer, G. A. Perry, and P. J. Gunn. 2016. Effects of excess metabolizable 

protein on ovarian function and circulating amino acids of beef cows: 1. Excessive supply from 

corn gluten meal or soybean meal. Animal:1–9.  

Gibb, D. J., and T. A. McAllister. 1999. The impact of feed intake and feeding behaviour of 

cattle on feedlot and feedbunk management. In: Proc. 20th Western Nutrition Conf. Calgary, 

Alberta. p. 101–116.  

Gomes, R. C., R. D. Sainz, S. L. Silva, M. C. César, M. N. Bonin, and P. R. Leme. 2012. Feedlot 

performance, feed efficiency reranking, carcass traits, body composition, energy requirements, 

meat quality and calpain system activity in Nellore steers with low and high residual feed intake. 

Livest. Sci. 150:265–273. 

Gomes, R. dos S., T. S. de Oliveira, J. C. Pereira, R. A. M. Vieira, C. J. da Silva, F. de P. Leonel, 

A. M. Fernandes, and F. H. V. Alfredo. 2016. Kinetics of digestion of low-quality forage grazed 

by beef cattle fed supplements containing increasing levels of rumen undegradable protein. Rev. 

Bras. Zootec. 45:563–571. 

Goonewardene, L. A., E. Okine, Z. Wang, D. Spaner, P. S. Mir, Z. Mir, and T. Marx. 2004. 

Residual metabolizable energy intake and its association with diet and test duration. Can. J. 

Anim. Sci. 84:291–295. 

Gunn, P. J., J. P. Schoonmaker, R. P. Lemenager, and G. A. Bridges. 2014. Feeding excess crude 

protein to gestating and lactating beef heifers: Impact on parturition, milk composition, ovarian 

function, reproductive efficiency and pre-weaning progeny growth. Livest. Sci. 167:435–448.  

Gunsett, F. C. 1984. Linear index selection to improve traits defined as ratios. J. Anim. Sci. 

59:1185–1193. 

Hafla, A. N., G. E. Carstens, T. D. A. Forbes, L. O. Tedeschi, J. C. Bailey, J. T. Walter, and J. R. 

Johnson. 2013. Relationships between postweaning residual feed intake in heifers and forage 

utilization, body composition, feeding behavior, physical activity and heart rate of pregnant beef 

females. J. Anim. Sci.:5353–5365.  

Harrison, D., I. P. Reynolds, and W. Little. 1983. A quantitative analysis of mammary glands of 

dairy heifers reared at different rates of live weight gain. J. Dairy Res. 50:405–412. 

Havenstein, G. B., P. R. Ferket, and M. A. Qureshi. 1994. Growth, Livability, and Feed 

Conversion of 1957 vs 1991 Broilers When Fed Rep 1957 and 1991 Broiler Diets. Poult. Sci. 

73:1785–1794.  

Herd, R., P. Arthur, and J. Archer. 2010. Repeatability of residual feed intake and interaction 

with level of nutrition in Angus cows. Aust. Soc. Anim. Prod. 26th Bienn. Conf.:80. 

Herd, R. M., and P. F. Arthur. 2009. Physiological basis for residual feed intake. J. Anim. Sci. 

87:64–71. 

Herd, R. M., and S. C. Bishop. 2000. Genetic variation in residual feed intake and its association 



138 
 

with other production traits in British Hereford cattle. Livest. Prod. Sci. 63:111–119. 

Hoque, M. A., P. F. Arthur, K. Hiramoto, and T. Oikawa. 2006. Genetic relationship between 

different measures of feed efficiency and its component traits in Japanese Black (Wagyu) bulls. 

Livest. Sci. 99:111–118. 

Hughes, T. E., and W. S. Pitchford. 2004. How does pregnancy and lactation affect efficiency of 

female mice divergently selected for post-weaning net feed intake? Aust. J. Exp. Agric. 44:501–

506. 

Huston, J. E., H. Lippket, T. D. A. Forbes, J. W. Holloway, and R. V. Machen. 1999. Effects of 

supplemental feeding interval on adult cows in Western Texas. J. Anim. Sci. 77:3057–3067. 

Jenkins, T. C. 1993. Lipid metabolism in the rumen. J. Dairy Sci. 76:3851–3863.  

Karisa, B. K., J. Thomson, Z. Wang, C. Li, Y. R. Montanholi, S. P. Miller, S. S. Moore, and G. 

S. Plastow. 2014. Plasma metabolites associated with residual feed intake and other productivity 

performance traits in beef cattle. Livest. Sci. 165:200–211. 

Kelly, A. K., M. McGee, D. H. Crews, T. Sweeney, T. M. Boland, and D. A. Kenny. 2010. 

Repeatability of feed efficiency, carcass ultrasound, feeding behavior, and blood metabolic 

variables in finishing heifers divergently selected for residual feed intake. J. Anim. Sci. 88:3214–

3225. 

Kerley, M. S. 2010. Impact of Selection for Residual Feed Intake on Forage Intake by Beef 

Cows and Feed Efficiency of Progeny. 

Kincheloe, J. J., M. J. Webb, R. N. Funston, K. R. Underwood, M. G. Gonda, A. D. Blair, and K. 

C. Olson. 2016. Impact of maternal protein restriction in first-calf heifers during mid- to late- 

gestation on gene expression, feedlot performance, and carcass characteristics of progeny. J. 

Anim. Sci. 94:9.  

Kleiber, M. 1961. The fire of life: an introduction to animal energetics. Wiley, New York. 

Klein, S. I., P. L. Steichen, A. Islas, R. S. Goulart, T. C. Gilbery, M. L. Bauer, K. C. Swanson, 

and C. R. Dahlen. 2014. Effects of alternate-day feeding of dried distiller’s grain plus solubles to 

forage-fed beef cows in mid- to late gestation. J. Anim. Sci. 92:2677–2685. 

Koch, R. M., L. A. Swiger, D. Chambers, and K. E. Gregory. 1963. Efficiency of Feed Use in 

Beef Cattle. J. Anim. Sci. 22:486–494. 

Kriese-Anderson, L. A., L. E. Mahler, T. D. Brandebourg, and M. K. Mullenix. 2016. 

Recommended Duration for Evaluating Feed Intake and Validating the Residual Feed Intake 

Model in Brangus Heifers. J. Anim. Sci. 95:2.  

Kroker, G. A., and L. J. Cummins. 1979. The effect of nutritional restriction on Hereford heifers 

in late pregnancy. Aust. Vet. J. 55:467–474. 

Lake, S. L., E. J. Scholljegerdes, D. M. Hallford, G. E. Moss, D. C. Rule, and B. W. Hess. 2006. 

Effects of body condition score at parturition and postpartum supplemental fat on metabolite and 

hormone concentrations of beef cows and their suckling calves. J. Anim. Sci. 84:1038–1047. 

Lammoglia, M. A., R. A. Bellows, E. E. Grings, J. W. Bergman, S. E. Bellows, R. E. Short, D. 



139 
 

M. Hallford, and R. D. Randel. 2000. Effects of dietary fat and sire breed on puberty, weight, 

and reproductive traits of F1 beef heifers. J. Anim. Sci. 78:2244–2252. 

Lancaster, P. A., G. E. Carstens, J. J. Michal, K. M. Brennan, K. A. Johnson, and M. E. Davis. 

2014. Relationships between residual feed intake and hepatic mitochondrial function in growing 

beef cattle. J. Anim. Sci. 92:3134–3141. 

Larson, D. M., and R. N. Funston. 2009. T he Effects of Corn Coproduct Supplementation on 

Primiparous Cow Reproduction. Econ. Anal. 25:536–540. 

Larson, D. M., J. L. Martin, D. C. Adams, and R. N. Funston. 2009. Winter grazing system and 

supplementation during late gestation influence performance of beef cows and steer progeny. J. 

Anim. Sci. 87:1147–1155. 

Lawrence, P., D. A. Kenny, B. Earley, and M. McGee. 2013. Intake of conserved and grazed 

grass and performance traits in beef suckler cows differing in phenotypic residual feed intake. 

Livest. Sci. 152:154–166.  

LeBlanc, S. 2010. Monitoring metabolic health of dairy cattle in the transition period. J. Reprod. 

Dev. 56 Suppl:S29-35. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20629214 

Lents, C. A., F. J. White, N. H. Ciccioli, R. P. Wettemann, L. J. Spicer, and D. L. Lalman. 2008. 

Effects of body condition score at parturition and postpartum protein supplementation on estrous 

behavior and size of the dominant follicle in beef cows. J. Anim. Sci. 86:2549–2556. 

Lesmeister, J. L., P. J. Burfening, and R. L. Blackwell. 1973. Date of first calving in beef cows 

and subsequent calf production. J. Anim. Sci. 36:1–6.  

Lindsay, D. B. 1971. Changes in the pattern of glucose metabolism in growth, pregnancy and 

lactation in ruminants. In: Proceedings of the Nutrition Society. Cambridge. p. 272–277. 

Liu, Q., C. Wang, W. Z. Yang, G. Guo, X. M. Yang, D. C. He, K. H. Dong, and Y. X. Huang. 

2010. Effects of calcium propionate supplementation on lactation performance, energy balance 

and blood metabolites in early lactation dairy cows. J. Anim. Physiol. Anim. Nutr. (Berl). 

94:605–614. 

Lopes, C. N., R. F. Cooke, M. M. Reis, R. F. G. Peres, and J. L. M. Vasconcelos. 2011. Strategic 

supplementation of calcium salts of polyunsaturated fatty acids to enhance reproductive 

performance of Bos indicus beef cows. J. Anim. Sci. 89:3116–3124. 

Lowman, BG. Scott, NA. Sommerville, S. 1976. Condition scoring of cattle. 6th ed. East of 

Scotland College of Agriculture. 

Loy, T. W., J. C. MacDonald, T. J. Klopfenstein, and G. E. Erickson. 2007. Effect of distillers 

grains or corn supplementation frequency on forage intake and digestibility. J. Anim. Sci. 

85:2625–2630. 

Makimura, S., and N. Suzuki. 1982. Quantitative Determination of Bovine Serum Haptoglobin 

and Its Elevation in Some Inflammatory Diseases. Jpn. J. Vet. Sci. 44:15–21. 

Manafiazar, G., J. A. Basarab, V. S. Baron, L. Mckeown, R. R. Doce, M. Swift, M. Undi, K. 

Wittenberg, K. Ominski, C. Tl, and A. Canada. 2015. Effect of post-weaning residual feed intake 



140 
 

classification on grazed grass intake and performance in pregnant beef heifers. Can. J. Anim. Sci. 

95:369–381. 

Martin, J. L., K. A. Vonnahme, D. C. Adams, G. P. Lardy, and R. N. Funston. 2007. Effects of 

dam nutrition on growth and reproductive performance of heifer calves. J. Anim. Sci. 85:841–

847. 

McDonnell, R. P., K. J. Hart, T. M. Boland, A. K. Kelly, M. McGee, and D. A. Kenny. 2016. 

Effect of divergence in phenotypic residual feed intake on methane emissions, ruminal 

fermentation, and apparent whole-tract digestibility of beef heifers across three contrasting diets. 

J. Anim. Sci. 94:1179–1193. 

McGee, M., C. M. Welch, J. A. Ramirez, G. E. Carstens, W. J. Price, J. B. Hall, and R. A. Hill. 

2014. Relationships of feeding behaviors with average daily gain, dry matter intake, and residual 

feed intake in Red Angus–sired cattle. J. Anim. Sci. 92:5214–5221. 

McNamara, J. P., and F. Valdez. 2005. Adipose Tissue Metabolism and Production Responses to 

Calcium Propionate and Chromium Propionate. J. Dairy Sci. 88:2498–2507.  

Melendez, P., K. Severino, M. P. Marin, and M. Duchens. 2017. The effect of a product with 

three gluconeogenic precursors during the transition period on blood metabolites and milk yield 

in Chilean Holstein cattle. J. Appl. Anim. Res.:1–5.  

Merks, J. W. M. 2000. One century of genetic changes in pigs and the future needs. BSAS 

Occas. Publ. 27:8–19. 

Mertens, D. R. 1987. Predicting intake and digestibility using mathematical models of ruminal 

function. J. Anim. Sci. 64:1548–1558.  

Meteer, W. C., T. B. Wilson, D. H. Keisler, F. C. Cardoso, and D. W. Shike. 2016. Effects of 

prepartum plane of nutrition during mid- or late gestation on beef cow body weight, body 

condition score, blood hormone concentrations and preimplantation embryo. Ital. J. Anim. Sci. 

15:264–274.  

Metzler-Zebeli, B. U., E. Magowan, M. Hollmann, M. E. E. Ball, A. Molnár, P. G. Lawlor, R. J. 

Hawken, N. E. O’Connell, and Q. Zebeli. 2017. Assessing serum metabolite profiles as 

predictors for feed efficiency in broiler chickens reared at geographically distant locations. Br. 

Poult. Sci. 58:729–738.  

Meyer, A. M., M. S. Kerley, and R. L. Kallenbach. 2008. The effect of residual feed intake 

classification on forage intake by grazing beef cows. J. Anim. Sci. 86:2670–2679. 

Miguel-Pacheco, G. G., L. D. Curtain, C. Rutland, L. Knott, S. T. Norman, N. J. Phillips, and V. 

E. A. Perry. 2017. Increased dietary protein in the second trimester of gestation increases live 

weight gain and carcass composition in weaner calves to 6 months of age. Animal 11:991–999.  

Montanholi, Y. R., K. C. Swanson, S. P. Miller, R. Palme, and F. S. Schenkel. 2007. 

Relationships between residual feed intake and infrared thermography and glucocorticoid levels 

in feedlot steers from three different sire breeds. Can. J. Anim. Sci. 88:179. 

Montanholi, Y. R., K. C. Swanson, F. S. Schenkel, B. W. McBride, T. R. Caldwell, and S. P. 

Miller. 2009. On the determination of residual feed intake and associations of infrared 



141 
 

thermography with efficiency and ultrasound traits in beef bulls. Livest. Sci. 125:22–30.  

Montano - Bermudez, M., M. K. Nielsen, and G. H. Deutscher. 1990. Energy requirements forr 

maintenance of crossbred beef cattle with different genetic potential for milk. J. Anim. Sci. 

68:2279–2288. 

Moriel, P., L. F. A. Artioli, M. B. Piccolo, R. S. Marques, M. H. Poore, and R. F. Cooke. 2016a. 

Frequency of wet brewers grains supplementation during late gestation of beef cows and its 

effects on offspring postnatal growth and immunity 1. J. Anim. Sci. 94:2553–2563. 

Moriel, P., R. F. Cooke, D. W. Bohnert, J. M. B. Vendramini, and J. D. Arthington. 2012. Effects 

of energy supplementation frequency and forage quality on performance , reproductive , and 

physiological responses of replacement beef heifers. J. Anim. Sci. 90:2371–2380. 

Moriel, P., M. B. Piccolo, L. F. A. Artioli, R. S. Marques, M. H. Poore, and R. F. Cooke. 2016b. 

Short-term energy restriction during late gestation of beef cows decreases postweaning calf 

humoral immune response to vaccination. J. Anim. Sci. 94:2542–2552. 

Mulliniks, J. T., S. H. Cox, M. E. Kemp, R. L. Endecott, R. C. Waterman, D. M. Vanleeuwen, L. 

A. Torell, and M. K. Petersen. 2011a. Protein and glucogenic precursor supplementation: A 

nutritional strategy to increase reproductive and economic output. J. Anim. Sci. 89:3334–3343. 

Mulliniks, J. T., M. E. Kemp, S. H. Cox, D. E. Hawkins, A. F. Cibils, D. M. Vanleeuwen, and 

M. K. Petersen. 2011b. The effect of increasing amount of glucogenic precursors on reproductive 

performance in young postpartum range cows. J. Anim. Sci. 89:2932–2943. 

Mutch, J. L., H. L. Neibergs, M. Neupane, J. J. Michal, D. J. Garrick, M. S. Kerley, D. W. Shike, 

J. E. Beever, S. L. Hansen, J. F. Taylor, and K. A. Johnson. 2017. The role of diet composition 

fed during residual feed intake determinations and the impact of the diet on gene sets associated 

with efficiency as determined by a gene set enrichment analysis. J. Anim. Sci. 95:286–287.  

Naou, T. L., N. L. Floc’h, H. Gilbert, and F. Gondret. 2012. Metabolic changes and tissue 

responses to selection on residual feed intake in growing pigs. J. Anim. Sci. 90:4771–4780.  

Nocek, J. E., R. L. Steele, and D. G. Braund. 1986. Performance of Dairy Cows Fed Forage and 

Grain Separately Versus a Total Mixed Ration. J. Dairy Sci. 69:2140–2147.  

Nutrient Requirements of Beef Cattle. 2000. Seventh. National Academy Press, Washington, 

D.C.  

Oddy, V. H., S. R. Edwards, H. M. Warren, P. A. Speck, P. J. Nicholls, and S. A. Neutze. 1997. 

Interrelationships between amino acid and glucose metabolism in lambs of different dietary 

history supplemented with rumen escape protein. J. Agric. Sci. 128:105–116. 

Owens, J. A., J. Falconer, and J. S. Robinson. 1986. Effect of restriction of placental growth on 

umbilical and uterine blood flows. Am. J. Physiol. 250:427–434. 

Patterson, H. H., D. C. Adams, T. J. Klopfenstein, R. T. Clark, and B. Teichert. 2003. 

Supplementation to meet metabolizable protein requirements of primiparous beef heifers: II. 

Pregnancy and economics. J. Anim. Sci. 81:563–570. 

Pere, M. 2003. Materno-foetal exchanges and utilization of nutrients by the foetus: comparison 



142 
 

between species. Reprod. Nutr. Dev. 43:1–15. 

Potts, S. B., J. P. Boerman,  a L. Lock, M. S. Allen, and M. J. VandeHaar. 2015. Residual feed 

intake is repeatable for lactating Holstein dairy cows fed high and low starch diets. J. Dairy Sci. 

98:4735–4747.  

Radunz, A. E., F. L. Fluharty, M. L. Day, H. N. Zerby, and S. C. Loerch. 2010. Prepartum 

dietary energy source fed to beef cows: I. Effects on pre- and postpartum cow performance. J. 

Anim. Sci. 88:2717–2728. 

Radunz, A. E., F. L. Fluharty, A. E. Relling, T. L. Felix, L. M. Shoup, H. N. Zerby, and S. C. 

Loerch. 2012. Prepartum dietary energy source fed to beef cows: Ii. effects on progeny postnatal 

growth, glucose tolerance, and carcass composition. J. Anim. Sci. 90:4962–4974. 

Rasby, R. J., and R. N. Funston. 2016. Invited Review: Nutrition and management of cows: 

Supplementation and feed additives. Reproductiv. Prof. Anim. Sci. 32:135–144.  

Richardson, E. C., and R. M. Herd. 2004. Biological basis for variation in residual feed intake in 

beef cattle . 2 . Synthesis of results following divergent selection. Aust. J. Exp. Agric. 44:431–

440. 

Richardson, E. C., R. M. Herd, P. F. Arthur, J. Wright, G. Xu, K. Dibley, and V. H. Oddy. 1996. 

Possible Physiological Indicators for Net Feed Conversion Efficiency in Beef Cattle. Aust. Soc. 

Anim. Prod. 21:103–106. 

Richardson, E. C., R. M. Herd, V. H. Oddy, J. M. Thompson, J. A. Archer, and P. F. Arthur. 

2001. Body composition and implications for heat production of Angus steer progeny of parents 

selected for and against residual feed intake. Aust. J. Exp. Agric. 41:1065–1072. 

Robinson, D. L., and V. H. Oddy. 2004. Genetic parameters for feed efficiency, fatness, muscle 

area and feeding behaviour of feedlot finished beef cattle. Livest. Prod. Sci. 90:255–270. 

Robinson, J. J. 1977. The influence of maternal nutrition on ovine foetal growth. In: Nutritional 

Society. p. 9–16. 

Rooke, J. A., C.-A. Duthie, J. J. Hyslop, C. A. Morgan, and T. Waterhouse. 2016. The effects on 

cow performance and calf birth and weaning weight of replacing grass silage with brewers grains 

in a barley straw diet offered to pregnant beef cows of two different breeds. J. Anim. Physiol. 

Anim. Nutr. (Berl). 100:629–636. 

Rusche, W. C., R. C. Cochran, L. R. Corah, J. S. Stevenson, D. L. Harmon, R. T. Brandt, and J. 

E. Minton. 1993. Influence of source and amount of dietary protein on performance, blood 

metabolites, and reproductive function of primiparous beef cows. J. Anim. Sci. 71:557–563. 

Sanchez, P. H., L. N. Tracey, J. Browne-Silva, and S. L. Lodge-Ivey. 2014. Propionibacterium 

acidipropionici P1691 and glucogenic precursors improve rumen fermentation of low-quality 

forage in beef cattle. J. Anim. Sci. 92:1738–1746. 

Schauer, C. S., D. W. Bohnert, D. C. Ganskoppt, C. J. Richards, and S. J. Falck. 2005. Influence 

of protein supplementation frequency on cows consuming low-quality forage: Performance, 

grazing behavior, and variation in supplement intake. J. Anim. Sci. 83:1715–1725. 



143 
 

Schenkel, F. S., S. P. Miller, and J. W. Wilton. 2004. Genetic parameters and breed differences 

for feed efficiency, growth, and body composition traits of young beef bulls. Can. J. Anim. Sci. 

84:177–185. 

Scholljegerdes, E. J., L. A. Lekatz, and K. A. Vonnahme. 2011. Effects of short-term oilseed 

supplementation on reproductive performance in beef heifers. Can. J. Anim. Sci. 91:221–229.  

Scholljegerdes, E. J., and A. F. Summers. 2016. How do we identify energetically efficient 

grazing animals? J. Anim. Sci. 94:103–110. 

Shaffer, K. S., P. Turk, W. R. Wagner, and E. E. D. Felton. 2011. Residual feed intake, body 

composition, and fertility in yearling beef heifers. J. Anim. Sci. 89:1028–1034.  

Shike, D. W., F. A. Ireland, and D. B. Faulkner. 2013. Influences of supplemental fat, differing 

in fatty-acid composition, on performance, plasma fatty-acid content, and reproduction of 

developing beef heifers. Prof. Anim. Sci. 29:580–586. 

Short, R. E., R. A. Bellows, R. B. Staigmiller, J. G. Bernardinelli, and E. E. Custer. 1990. 

Physiological Mechanisms Controlling Anestrus and Infertiliy in Postpartum Beef Cattle. J. 

Anim. Sci. 68:799–816. 

Shoup, L. M., A. C. Kloth, T. B. Wilson, D. Gonzalez-Pena, F. A. Ireland, S. Rodriguez-Zas, T. 

L. Felix, and D. W. Shike. 2015a. Prepartum supplement level and age at weaning: I. Effects on 

pre- and postpartum beef cow performance and calf performance through weaning. J. Anim. Sci. 

93:4926–4935. 

Shoup, L. M., T. B. Wilson, D. Gonzalez-Pena, F. A. Ireland, S. Rodriguez-Zas, T. L. Felix, and 

D. W. Shike. 2015b. Beef cow prepartum supplement level and age at weaning: II. Effects of 

developmental programming on performance and carcass composition of steer progeny. J. Anim. 

Sci. 93:4936–4947. 

Sletmoen-Olson, K. E., J. S. Caton, K. C. Olson, and L. P. Reynolds. 2000. Undegraded intake 

protein supplementation: I. Effects on forage utilization and performance of periparturient beef 

cows fed low-quality hay. J. Anim. Sci. 78:449–455. 

Son, J., R. J. Grant, and L. L. Larson. 1996. Effects of Tallow and Escape Protein on Lactational 

and Reproductive Performance of Dairy Cows. J. Dairy Sci. 79:822–830.  

Sprinkle, J. E., J. B. Taylor, P. E. Clark, M. C. Roberts-Lew, and J. B. Hall. 2016. WS Grazing 

behavior and production characteristics among cows differing in residual feed intake while 

grazing late season Idaho rangeland. J. Anim. Sci. 94:28.  

Stalker, L. A., D. C. Adams, T. J. Klopfenstein, D. M. Feuz, and R. N. Funston. 2006. Effects of 

pre- and postpartum nutrition on reproduction in spring calving cows and calf feedlot 

performance. J. Anim. Sci. 84:2582–2589. 

Summers, A. F., A. D. Blair, and R. N. Funston. 2015a. Impact of supplemental protein source 

offered to primiparous heifers during gestation on II. Progeny performance and carcass 

characteristics. J. Anim. Sci. 93:1871–1880. 

Summers, A. F., T. L. Meyer, and R. N. Funston. 2015b. Impact of supplemental protein source 

offered to primiparous heifers during gestation on I . Average daily gain , feed intake , calf birth 



144 
 

body weight , and rebreeding in pregnant beef heifers. J. Anim. Sci. 93:1865–1870. 

Sumner, J. M., F. Valdez, and J. P. McNamara. 2007. Effects of chromium propionate on 

response to an intravenous glucose tolerance test in growing Holstein heifers. J. Dairy Sci. 

90:3467–3474.  

Sun, Y., B. Wang, S. Shu, H. Zhang, C. Xu, L. Wu, and C. Xia. 2015. Critical thresholds of liver 

function parameters for ketosis prediction in dairy cows using receiver operating characteristic 

(ROC) analysis. Vet. Q. 35:159–164.  

Thompson, W. R., J. C. Meiske, R. D. Goodrich, J. R. Rust, and F. M. Byers. 1983. Influence of 

body composition on energy requirements of beef cows during winter. J. Anim. Sci. 56:1241–

1252. 

Tudor, G. D. 1972. The effect of pre-and post-natal nutrition on the growth of beef cattle. I. The 

effect of nutrition and parity of the dam on calf birth weight. Aust. J. Agric. Res. 23:379–385.  

Walker, R. S., R. M. Martin, G. T. Gentry, and L. R. Gentry. 2015. Impact of cow size on dry 

matter intake, residual feed intake, metabolic response, and cow performance. J. Anim. Sci. 

93:672–684. 

Waterman, R. C., J. E. Sawyer, C. P. Mathis, D. E. Hawkins, G. B. Donart, and M. K. Petersen. 

2006. Effects of supplements that contain increasing amounts of metabolizable protein with or 

without Ca-propionate salt on postpartum interval and nutrient partitioning in young beef cows. 

J. Anim. Sci. 84:433–446. 

Wickersham, T. A., E. C. Titgemeyer, R. C. Cochran, E. E. Wickersham, and D. P. Gnad. 2008. 

Effect of rumen-degradable intake protein supplementation on urea kinetics and microbial use of 

recycled urea in steers consuming low-quality forage. J. Anim. Sci. 86:3079–3088. 

Wilson, T. B., D. B. Faulkner, and D. W. Shike. 2015. Influence of late gestation drylot rations 

differing in protein degradability and fat content on beef cow and subsequent calf performance. 

J. Anim. Sci. 93:5819–5828. 

Wilson, T. B., D. B. Faulkner, and D. W. Shike. 2016. Influence of prepartum dietary energy on 

beef cow performance and calf growth and carcass characteristics. Livest. Sci. 184:21–27.  

Wiltrout, D. W., and L. D. Satter. 1972. Contribution of propionate to glucose synthesis in the 

lactating and nonlactating cow. J. Dairy Sci. 55:307–317.  

Wood, K. M., M. J. Kelly, S. P. Miller, I. B. Mandell, and K. C. Swanson. 2010a. Effect of crop 

residues in haylage-based rations on the performance of pregnant beef cows. Can. J. Anim. 

Sci.:69–76. 

Wood, K. M., I. B. Mandell, and K. C. Swanson. 2010b. The influence of supplementation with 

haylage, haylage plus soybean meal or haylage plus corn dried distillers’ grains with solubles on 

the performance of wintering pregnant beef cows fed wheat straw. Can. J. Anim. Sci. 90:547–

553. 

Wood, K. M., Y. R. Montanholi, C. F. Fitzsimmons, S. P. Miller, B. W. McBride, and K. C. 

Swanson. 2014. Characterization and evaluation of residual feed intake measured in mid- to late-

gestation mature beef cows and relationships with circulating serum metabolites and linear body 



145 
 

measurements. Can. J. Anim. Sci. 94:499–508.  

Wright, I. A., S. M. Rhind, and T. K. Whyte. 1992. A note on the effects of pattern of food 

intake and body condition on the duration of the post-partum anoestrous period and LH profiles 

in beef cows. Anim. Prod. 54:143–146.  

Yasui, T., J. A. A. McArt, C. M. Ryan, R. O. Gilbert, D. V. Nydam, F. Valdez, K. E. Griswold, 

and T. R. Overton. 2014. Effects of chromium propionate supplementation during the 

periparturient period and early lactation on metabolism, performance, and cytological 

endometritis in dairy cows. J. Dairy Sci. 97:6400–6410.  

Zehnder, C. M., T. D. Maddock, A. DiCostanzo, L. R. Miller, J. M. Hall, and G. C. Lamb. 2010. 

Using alfalfa leaf meal as a supplement in late-gestation beef heifer and nursing beef calf diets. J. 

Anim. Sci. 88:2132–2138.  

 


