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ABSTRACT 

 

This study was conducted to: i) determine the effect of residual feed intake (RFI) 

on first parity fertility and subsequent lifetime productivity of 820 females ranked as low, 

medium, and high RFI in western Canada and ii) investigate the relationship between RFI 

measured as a heifer and re-measured as a mature cow. No significant correlations were 

found between RFI and fertility/productivity traits. A negative trend (P < 0.10) was 

observed between RFI, RFIfat and MPPAbw, however, this trend was no longer apparent 

when RFI was adjusted for back fat and feeding event frequency (RFIfat&activity). No 

significant (P < 0.05) relationship was found between heifer RFI and cow RFI. These 

results suggest that selection for feed efficient, low RFI heifers i) has no impact on their 

fertility and productivity as cows, and ii) may not lead to superior feed efficiency as a 

mature cow as measured by RFI and Cow DMI. 

 

 

 

Keywords: Residual feed intake, RFI, fertility, lifetime productivity, beef heifers and 

cows 

 

 

 

 

 

 



 

 

iii 

 

ACKNOWLEDGEMENTS 

 
 

Firstly, I want to extend sincere thanks and gratitude to my advisor Dr. Kim 

Ominski for providing me with this opportunity and for the continued support, 

encouragement and guidance throughout my graduate program.  You have been a great 

influence on me in and out of the university and as I start my career as well.  I am also 

grateful for the assistance and advice from my co-advisor Dr. John Basarab, especially 

given his experience and knowledge with Residual Feed Intake.  I thank Dr. Francis 

Zvomuya for his assistance and statistical advice. I am also grateful and appreciative to 

Dr. Gary Crow for his statistical assistance, animal genetics knowledge and advice, and 

overall support during my study. 

 I would like to thank the following organizations, who without their financial 

support this research would not of been possible: Manitoba Agriculture, Food and Rural 

Development; Manitoba Beef Producers; Saskatchewan Cattlemen’s Association; Alberta 

Beef Producers; Alberta Livestock and Meat Agency Ltd.; and Alberta Agriculture and 

Forestry;  

 I wish to again thank Dr. John Basarab for allowing me to analyze data that his 

team collected in Lacombe and Kinsella. A warm thank-you to Lisa McKeown, Cletus 

Sehn, and the rest of the research team in Lacombe for their assistance in this data 

collection.  Also, thank you to Hushton Block and his team at the Brandon Research and 

Development Centre for the collection and transfer of their data.  I thank Dr. Michael 

Undi for his assistance with the Brandon data as well. 



 

 

iv 

  I want to extend thanks to my peers, the grad students in the Animal Science 

Department at the University of Manitoba.  I will cherish the memories we have made on 

and off campus during the program.  Also thank to everyone in the Animal Science 

Department for their kindness and assistance. 

Lastly, I wish to acknowledge my ever-supporting family who are responsible for 

my passion in beef cattle production and who I am today.  I cannot begin to express how 

thankful I am for everything that you do for me that has allowed me to find success.  

Finally, I want thank my girlfriend Britni for her patience and support over the whole 

program.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

LIST OF ABBREVIATIONS 

 

 

ADF  = Acid detergent fiber 

ADG  = Average daily gain 

BW  = Birth weight 

CH4  = Methane 

CP  = Crude protein 

DMI  = Dry matter intake 

F:G  = Feed:gain ratio 

FCR  = Feed conversion ratio 

FSH  = Follicle stimulating hormone 

GH  = Growth hormone 

GHG  = Greenhouse gas 

GnRH  = Gonadotropin releasing hormone 

HIF  = Heat increment of feeding 

IGF-1  = Insulin like growth factor 

LH  = Luteinizing hormone 

LTAP  = Lifetime average productivity  

LTP  = Lifetime productivity 

LTTP  = Lifetime total productivity 

ME  = Metabolizable energy 

MIDWT = Metabolic mid-weight 

MPPAbw = Most probable producing ability for calf birth weight 



 

 

vi 

MPPAww = Most probable producing ability for calf weaning weight 

N2O  = Nitrous oxide 

NDF  = Neutral detergent fiber 

PW  = Postweaning 
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 1. INTRODUCTION  

 

Historically, Canadian and American beef cattle improvement programs have 

mainly focused on selecting beef animals for traits related to output, such as direct and 

maternal weaning weight, post-weaning average daily gain (ADG), and carcass and meat 

quality.  Little emphasis has been placed on selecting for cost-related traits, such as feed 

intake and feed efficiency.  Lack of emphasis on these traits could have been due to 

historically low feed costs, which began to rise in 2007 (Larson, 2010).  Prior to this 

increase in feed costs, profitability within a beef production system was more dependent 

on the supply of cattle within the market and the subsequent price per pound (Hill, 2012).  

Higher prices for harvested feedstuffs, such as corn, barley, and alfalfa, have presented a 

major challenge for the economic viability of the beef industry (Larson, 2010).  In 

western Canada, feed costs also play a major role on the economic competitiveness of 

beef production as 63% of the total cost of cow-calf production are directly associated 

with feed and bedding (36 %), and pasture (27%) costs (Larson, 2010).  In addition, feed 

costs and cattle prices have become more volatile (Larson, 2010).  As 65-75% of total 

feed energy is used for maintenance in cattle (Ferrell and Jenkins 1985), increasing feed 

efficiency and decreasing the amount of feed needed to meet these requirements within 

the herd could be economically beneficial for the operation. Breed choices, 

crossbreeding, and selection within breeds are also possible avenues for genetic 

improvement of production system feed efficiency (Herd et al., 2003).  

 Reproductive efficiency is another factor that has a major impact on profitability 

in beef production.  The greatest economic value to commercial cow-calf producers is 
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increased weaning rate (maternal and reproductive characteristics) and weaning weight 

(Kluyts et al. 2003).  Since nutritional status has been identified as an important mediator 

of reproductive events (Wiltbank et al., 1969; Day et al., 1986), genetic selection for feed 

efficiency traits requires close attention in order to detect any potential negative effects 

on reproductive performance.  

 Recently, the industry has adopted a relatively new feed efficiency measure, 

residual feed intake (RFI).  It has been seen as beneficial as it is independent of body 

weight and average daily gain (Koch et al., 1963). Although independent of these traits, 

investigation to determine potential impact on important output traits, such as 

reproduction is warranted.  In order for RFI or its component traits to be fully 

incorporated into a selection index, their impact on fertility or reproductive capability 

must be quantified.  

  



 

 

3 

 

2. LITERATURE REVIEW 

 

 2.1 Potential to increase profitability with improved feed efficiency  

As profitability of beef cattle production becomes more dependent on inputs than 

output traits, feed efficiency within the herd becomes important.  Fox et al. (2001) 

demonstrated that a 10% improvement in ADG improved profitability by approximately 

18%, whereas a 10% improvement in feed efficiency improved profitability by 

approximately 43%.  

 

2.2 Measures of Feed Efficiency  

2.2.1 Feed Conversion Ratio (FCR) 

 

  Feed conversion ratio (FCR) is a feed efficiency trait used to measure feed 

efficiency in a beef production system (Basarab et al., 2013).  Also referred to as 

feed:gain ratio (F:G), FCR is calculated by dividing the dry matter feed intake (DMI) by 

the ADG (Kelly et al., 2010a).  Feed conversion on a per pen basis has frequently been 

used as a tool to evaluate groups of cattle in order to accurately determine production 

costs, as older technologies, such as feedlot feed bunkers, did not allow for intake 

observations on individual animals.  However, individual animal feed intake 

measurement is needed to calculate individual FCR. 

There are several shortcomings associated with FCR.  Feed conversion ratio is 

related to growth, body size, and body composition and is ineffective in improving feed 
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efficiency because of the positive correlation between DMI and ADG (Archer et al., 

1999; Herd et al. 2000; Crews, 2005; Kelly et al. 2010a; Basarab et al., 2013).  Mrode et 

al. (1990) examined two lines of Hereford cattle selected for lean growth rate from birth 

to 400 days of age and lean FCR from 200 to 400 days of age for a period of 8 years.  

Lean growth rate and lean FCR were calculated by multiplying each trait by a predicted 

lean proportion, which was estimated from six ultrasonic fat depth measurements over the 

test period.   These authors observed that selection to reduce lean FCR led to a correlated 

increase in cow size.  Koots et al. (1994) reported that genetic correlations for FCR with 

growth rate and size were highly negative.  Therefore, it is evident that selection for 

lower FCR to improve efficiency results in an increase in growth rate and mature cow 

size, culminating in higher maintenance requirements and higher feed costs.  These 

studies are mainly focused on the growth phase in the production cycle, with little 

consideration given to breeding animals. 

As a consequence of the shortcomings involved with FCR, the industry has 

explored technologies to assess feed efficiency that are independent of growth rate.  A 

relatively new feed efficiency trait that is independent of many production traits and 

being adopted by the industry is residual feed intake (RFI).   

 

2.2.2 Residual Feed Intake (RFI) 

 Koch et al. (1963) proposed RFI as an alternative measure of feed efficiency and 

suggested that feed intake could be divided into two components: 1) feed intake for a 

given level of production; and 2) a residual portion.  Residual feed intake is more simply 

defined as the difference between an animal’s actual feed intake and its expected feed 
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requirements for maintenance and growth (Basarab et al., 2005).  Animals that are feed 

efficient eat less feed than expected, and have a low or negative RFI.  Inefficient animals 

eat more than expected and have a high or positive RFI (Archer et al. 1997; Basarab et al. 

2011).  An animal’s expected feed intake is found by using estimates of intake and 

nutrient requirements for a given level of production, as developed by the National 

Research Council (NRC, 2000), or by formulating a regression equation using the 

animal’s actual feed intake and growth data from a ≥ 63-day test period when weighed on 

a weekly basis in order to obtain accurate growth/gain data (Wang et al., 2006).   

 

2.1.2.1 Measuring residual feed intake 

Seedstock producers internationally are increasing their capacity to test potential 

breeding stock for RFI (Crews et al. 2006; Carstens and Tedeschi 2006; Basarab et al. 

2011).   Current technology is expensive, so benefits obtained from performance testing 

animals for feed efficiency must exceed these expenses in order for it to be a viable way 

to select animals (Herd et al., 2003).   

The most common technology to measure individual animal feed intake is a 

GrowSafe® automated feed monitoring system (GrowSafe Systems Ltd., Airdrie, 

Alberta, Canada).  GrowSafe is an electronic radio frequency identification system, 

which uses RFID responder tags in the animals’ ear.  The antenna attached to each feeder 

bunk emits a electromagnetic field, detects the presence of animals in the feed bunks via 

a transponder in the animal’s ear and relays the data to a desktop computer to be analyzed 

(Schwartzkopf-Genswein et al. 2011).   
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Residual feed intake is usually measured in young, growing cattle between the 

ages of 7-10 months, and age differences must not exceed 60 days (also BIF guidelines; 

Basarab et al., 2003). Lengths of a RFI test period will vary depending on frequency of 

weigh days in order to acquire enough feed intake data and accurately measure growth 

(Archer et al., 1997; Herd et al., 2003; Basarab et al., 2013).  Prior to the beginning of the 

test period, a pre-test adjustment period of 21-28 days is used in order to adapt animals to 

the test diet and pen mates. This reduces differences between animals that come from 

different environments (Archer et al., 1999; Basarab et al., 2011).  Individual animal 

differences in feed intake, ADG, body weight and backfat thickness are then compared to 

biological variation in these traits among animals. 

   

2.1.2.2 Biological basis for variation of RFI  

 

Residual feed intake allows for comparison between individual animals differing 

in level of production, due to the phenotypic independence of the production traits used to 

calculate expected feed intake (Herd et al., 2009).  This independence of production traits 

and metabolic traits suggest that RFI may represent inherent variation in metabolic 

processes (Herd and Bishop, 2000; Herd et al. 2009).  Herd et al. (2004) suggest that 

there are five major processes that can cause variation in feed efficiency.  These 

processes are 1) feed intake, 2) feed digestion, 3) body composition and metabolism, 4) 

activity, and 5) thermoregulation.  Richardson and Herd (2004) estimated that 

approximately one-third of the biological variation in RFI of calves could be explained by 

differences in energy retained in protein and fat (5%), digestion (10%), feeding patterns 

(2%), heat increment of fermentation (9%), and activity (10%), and surmised that the 
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remaining variation in RFI was related to differences in protein turnover, stress and tissue 

metabolism (37%) and differences in cellular energy expenditures such as ion pumping 

and mitochondrial proton leakage (27%). 

 

2.1.2.3 Feed intake 

 

Variation in feed intake is mainly associated with variation in maintenance 

requirements of ruminants.  There is a high-energy cost associated with increased feed 

intake, as it takes more energy to digest the increased quantity of feed.  This is, in part, 

due to an increase in size and estimated increase in tissue energy expenditure of the 

digestive organs themselves (Herd et al., 2009).  This energy expenditure is known as the 

heat increment of feeding (HIF), which contributes to approximately 9% of metabolizable 

energy (ME) intake in ruminants (NRC, 2000).  Herd and Bishop (2000) found a high 

significant genetic correlation between RFI and maintenance energy requirement per kg 

of metabolic BW (r=0.93).  Cattle are expected to expend less energy as HIF if selected 

for low-RFI, as those animals that eat less for the same level of performance (Herd et al., 

2009). 

The physiological state of an animal can affect its level of feed intake.  Lactating 

animals of the same body weight and fed the same diet, can increase feed intake by 35 to 

50 % compared to non-lactating animals (Agricultural Research Council, 1980). 

 Eating patterns, such as meal duration and ingestion, have been considered major 

determinants for energy used for feed intake in cattle (Adam et al., 1984).  Positive 

correlations have been found between eating rate, time, and frequency with RFI in feedlot 
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finished steers (Robinson and Oddy, 2004).  Variations in feed intake are also known to 

cause variation in feed digestibility (NRC, 2000).   

 

2.1.2.4 Digestibility 

 

Nkrumah et al. (2006) found that methane energy losses were 28% lower and 

apparent digestibility 6% higher in calves selected for low RFI.  Richardson et al. (1996) 

examined RFI ranking in young bulls and heifers fed a pelleted ration with a calculated 

dry matter (DM) digestibility of 68%.  The low and high RFI ranked cattle tended to 

differ in their ability to digest DM by about 1% (P<0.10).  This difference in DM 

digestibility accounted for about 14 % of the difference in intake between the high and 

low RFI-ranked cattle.  A negative correlation found between digestibility and RFI in 

cattle fed a high-energy grain diet (r = -0.44) suggests that low RFI (more efficient) cattle 

will have a greater digestibility (Richardson and Herd, 2004).  Due to the difficulty in 

measuring small digestibility differences, caution must be used when assigning variations 

in digestion as a major factor in explaining variations in RFI (Herd et al., 2009). 

 

 

2.1.2.5 Body composition and metabolism 

 

Differences in body composition may also contribute to variations in RFI because 

lean tissue requires less energy per unit of gain than fat (1.24 vs. 9.39 kcal/g), due to a 

lower energy density of protein, water and mineral compared to fat (Carstens et al. 2009).  

The magnitude of association between body composition and variation in RFI is 

influenced by the age and stage of maturity of the test animals (Herd at al., 2009). 
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Robinson and Oddy (2004) reported strong genetic correlations between RFI and rib (r = 

0.48) and rump fat (r = 0.72) in yearling steers fed a finishing diet.  Nkrumah et al. (2007) 

reported genetic correlations for phenotypic RFI with back fat thickness and marbling fat 

score from measurements on the live animal (r=0.35; r=0.32) and carcass (r=0.33; r=0.28) 

from young feedlot steers.  These positive correlations for measures of body composition 

with RFI suggest that high RFI (inefficient) animals will have an increased body fat 

percentage.   

Observed differences in RFI may also be associated with differences in energy 

expenditures utilized for growth of visceral organs such as liver, gastrointestinal tract and 

heart as the metabolic activity of these tissues is much higher compared to carcass tissues 

(Carstens et al., 2009).  Basarab et al. (2003) found that steers with low RFI had 8% 

lower liver weights and total gastrointestinal tract then steers with high RFI.  Fitzsimons 

et al. (2014) found that a 1 kg DM/day increase in RFI was associated with a 1 kg 

increase in reticulo-rumen empty weight (P<0.05).  Genetic variation in energy utilization 

exists within a tissue, due to differing rates of protein degradation and synthesis within 

the muscle (Oddy et al. 1999).  Richardson and Herd (2004) found that high RFI cattle 

had a greater concentration of total plasma protein and greater blood concentrations of 

urea and aspartate aminotransferase.  Aspartate aminotransferase is a marker of liver 

function indicative of greater levels of protein catabolism.  Protein catabolism is known 

to be an energy expensive process in living animals (Oddy et al 1998).  This suggests that 

high RFI cattle have greater protein turnover and increased expended energy through heat 

production.  Nkrumah et al. (2006) measured heat production of steers with divergent 

phenotypes for RFI using indirect calorimetry, and found that steers with low RFI 
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produced 21% less heat than steers with high RFI.  These studies demonstrate that 

variation in whole-animal energy expenditure contributes to observed differences in RFI. 

Animals that have different levels of activity will result in differences in energy 

expenditure, or variation in heat production.  Different forms of activity could include 

work involved in feeding, ruminating, reproduction and locomotion.  Studies conducted 

on other animal species have indicated the importance of activity differences and 

variation in feed intake.   Mousel et al. (2001) found that differences in activity accounted 

for 36% of the difference in feed intake between mice divergently selected for heat loss.  

Similarly, RFI variation in cattle can also be related to differences in activity.  Richardson 

et al. (1999) recorded daily pedometer counts on bulls selected for high or low RFI.  

Authors reported a phenotypic correlation of 0.32 for RFI with pedometer counts 

indicating that approximately 10% of the observed variation in RFI was explained by 

activity. 

 

2.1.2.6 Thermoregulation 

 

A major route of heat loss in beef cattle is through evaporative heat loss, in which 

heat is exchanged in the lungs and nasal turbinates (Blaxter, 1962).  Evaporative heat loss 

is regulated by respiration rate, however few studies have related respiration rate to RFI.   

Several studies have found a positive relationship between radiated heat loss of the eye 

and cheek regions, measured using infrared technology, and RFI ranking in beef cattle 

(Colyn et al., 2009; Montanholi et al., 2009),  

 It is apparent that observed variation in RFI between animals is not fully 

understood, and an increased understanding of the mechanisms of RFI is imperative to 
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improve the use of RFI as a selection tool and see measurable benefits within the 

industry. 

 

2.1.3 Advantages of RFI 

 

2.1.3.1 Growth traits 

 

As described above, the major benefit of RFI as a selection trait is its 

independence from many production traits.  Use of RFI as a selection tool serves to 

improve feed efficiency without being correlated to any phenotypic traits that are used to 

estimate it (Basarab et al. 2003).  

Richardson et al. (1998), used divergent selection to develop a low RFI and high 

RFI line, based on post-weaning intake testing.  Progeny from these two lines were then 

evaluated for post-weaning RFI.  These progeny were used to produce two cohorts of 

steers that were evaluated for growth and feed efficiency in the feedlot (Richardson et al. 

1998) and on pasture (Herd et al., 2002c).  Steers in the low RFI selection line had lower 

DMI (9.2 ± 0.2 vs. 9.8 ± 0.2 kg/ d), lower FCR (7.0 ± 0.2 vs. 7.6 ± 0.2 kg/kg) and lower 

RFI (−0.20 ± 0.11 vs. 0.17 ± 0.10 kg DM/d) than did steers in the high-RFI line.  No 

significant differences were found in pasture intake, measured using alkane markers, 

between RFI selection lines (3.04 ± 0.11 vs. 3.23 ± 0.14 kg DM/d; P > 0.1), but steers 

from the low-RFI selection line tended to grow faster than steers from the high-RFI 

selection line (0.50 ± 0.02 vs. 0.42 ± 0.02 kg/d; P < 0.1) (Herd et al., 2002c)  

 In a study by Basarab et al (2003), 176 crossbred steers were used to quantify the 

relationships between RFI and growth/body composition traits.  No significant 

differences were found between high, medium, and low RFI groups for multiple growth 
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traits such as ADG, metabolic mid-weight, hip height, and back fat thickness in growing 

steers.  However, these authors found that RFI was related to composition of liveweight 

gain, with 6.8% of the variation in RFI being explained by variation in gain of empty 

body fat. 

Richardson et al. (1998) observed significant differences between the high and 

low RFI selection lines in carcass traits measured ultrasonically before slaughter. The 

low-RFI line steers had less subcutaneous fat depth at the 12/13th rib and rump than high 

RFI steers (Angus: rib 7.1 ± 0.5 vs. 8.3 ± 0.4 mm; rump 8.3 ± 0.6 vs. 10.2 ± 0.6 mm; 

cross-bred: rib 10.1 ± 0.2 vs. 12.2 ± 0.2 mm; rump 13.3 ± 0.2 vs. 14.3 ± 0.2 mm), and a 

smaller cross-sectional area of the longissimus dorsii muscle (Angus: 48.5 ± 1.1 vs. 51.4 

± 0.9 cm
2
; crossbred: 48.2 ± 1.1 vs. 50.4 ± 1.1 cm

2
).  These authors concluded that steer 

progeny from low RFI parents had carcasses with acceptable fat cover for finish with no 

compromise in retail meat yield.   

Basarab et al. (2013) also examined the relationships between feed efficiency and 

carcass quality.  Feeder heifers and steers (n=2070; 398.6 ± 75.9 kg) were evaluated for 

RFI during a 76- to 112-d finishing period and classified into three groups based on RFI 

(less than -0.5 SD below the mean, efficient; ± 0.5 SD from the mean, medium; greater 

than 0.5 SD above the mean, inefficient).  Efficient animals ate 14.5% less DM feed and 

had an improved FCR compared to inefficient animals.  These authors also found there 

were no differences between efficient, medium, and inefficient groups in body weight, 

ADG, carcass yield and quality grades, sensory panel taste, flavour and texture traits, and 

retail quality traits (r = -0.09 to 0.12).  They concluded that selection for RFI did not 

impact carcass quality and end product meat quality.  
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2.1.3.2 Economic benefit 

  

The main apparent economic benefit in selection for RFI is a decrease in feed 

costs without affecting productivity, such as growth and carcass traits.  Using RFI as a 

selection trait overcomes the challenge of the correlation with production traits that 

occurs when using other measures of feed efficiency.  This allows for whole production 

system economic assessments when using RFI as a feed efficiency selection trait.  In a 

production system analysis conducted by Exton et al. (2000), a model farm included a 

100-cow herd grazing native pasture; heifers sold at 18 months of age into the domestic 

market and 80% of the steers sold for feedlot finishing and subsequent sale as heavy 

export steers.  Gross margin budget and cash flow analyses for this herd showed that, 

despite the initial cost of purchasing bulls deemed genetically superior for feed 

efficiency, over a 25-yr investment period, the internal rate of return was 61% and the net 

present value of surplus income over expenses was $21,907.  In a study conducted at 

Olds College, Alberta, Canada, from 2002-2005, researchers found that low RFI bulls 

cost on average $50 less to feed than high RFI bulls (Alberta Agriculture and Food 2005).  

These efficient bulls are expected to pass on these superior genetics for feed efficiency, as 

RFI is a moderately heritable trait (0.29-0.46), allowing for reduced feed costs for feedlot 

steers and replacement heifers (Archer et al. 1998; Arthur et al. 2001a). 
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2.1.3.3 Environmental benefits 

  

Selecting for more efficient cattle on the basis of RFI has many proposed 

environmental benefits.   Reducing greenhouse gas (GHG) emissions of methane (CH4) 

and nitrous oxide (N2O) from rumen fermentation and manure is an important 

environmental issue, as livestock contribute 14.5% of global man-made greenhouse gas 

emissions (Herrero et al. 2009).   The main source of GHG from ruminant animals is 

methane (CH4) production, which accounts for 25 % of emissions (Steinfeld et al., 2006). 

A recent report from Environment and Climate Change Canada indicated that the 

livestock sector accounts for approximately 62% of total agricultural emissions 

(Environment Canada. 2014a).  Global beef production is 5.95% of global man-made 

GHG (41% of total global livestock contribution), while Canada’s beef production is 

0.072% of global man-made GHG.  Canada’s beef production is estimated to produce 

3.6% of Canada’s man-made GHG (Environment Canada. 2014a), but this value does not 

include lands that grow grasses and legumes for which sequester carbon  

Improving feed efficiency will reduce greenhouse gas emissions per unit of beef 

produced (Okine et al. 2001; Nkrumah et al. 2006; Hegarty et al. 2007).  Okine et al. 

(2001) estimated that yearly CH4 emissions and manure production from low RFI would 

be reduced by 21% and 15%, respectively, compared to high RFI steers.  Nkrumah et al. 

(2006) identified significant differences in methane emissions among animals differing in 

RFI, in which oxygen consumption and methane production were measured in a 4-

chamber, open-circuit, indirect calorimetry system.  Steers with a lower RFI produced 

24%–28% less methane than steers with higher RFI (Nkrumah et al. 2006).  Hegarty et al 

(2007) found similar differences in methane emissions from RFI steers ranked high or 
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low.  Methane production rate (g/ d) was measured on each steer using SF6 as a tracer gas 

in a series of 10-day measurement periods.  These authors reported a reduction in 

methane emissions of 13.38 g/d to be associated with a 1-kg/d reduction in RFI. 

There is an assumption that selection for low RFI cattle will result in less feed per 

pound of beef produced, and therefore less manure excreted. Reducing manure 

production in the beef cattle industry could prove important, as cattle are the largest 

contributors to the global manure production (Herrero et al. 2009).   A study by Nkrumah 

et al. (2006), demonstrated that daily fecal DM production was 15.5 and 8.1% greater in 

high- and medium-RFI steers, respectively, compared with low-RFI steers, although these 

differences were not significant (P > 0.10).  

 

2.1.4 Disadvantages/challenges of RFI 

 

The major challenge for RFI testing within the industry today is the cost of 

equipment to measure individual feed intake, such as GrowSafe ©.  Cost sensitive 

farmers are unwilling to invest in these technologies, or purchase RFI-tested sires, in spite 

of the fact that most economic analyses indicate positive return on investment in genetic 

improvement technologies for feed efficiency (Herd et al., 2005).  

A second shortcoming is associated with measurement of intake on pasture.  The 

dosing of markers, such as chromium oxide or alkanes, into the rumen and subsequent 

sampling of the feces to determine the concentration, has frequently been used to estimate 

pasture intake (Dove and Mayes 1991, 1996).  This method is very labor intensive as it 

requires either once daily or twice daily dosing of alkanes and fecal collection, and 

therefore, could potentially disrupt normal eating patterns.  A third challenge is 
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associated with changes in diet or stage of production during an RFI testing period which 

may result in re-ranking of cattle (Durunna et al. 2011). 

In addition, RFI and its genetic and phenotypic relationships with other traits are 

incomplete.  Consequences of selection of replacement animals from low RFI bulls or 

from direct RFI measurement on fertility and lifetime productivity are incomplete. 

 

2.2 Fertility 

In addition to feed efficiency, reproductive capacity has a major impact on 

profitability in beef production.  Biological and economic efficiency of cow-calf 

production systems are largely dependent on reproductive success (Dickerson, 1970).  

Therefore, genetic selection for feed efficiency traits, such as RFI, require close attention 

to detect any negative effects upon reproductive performance. 

 

2.2.1 Nutritional regulation of reproduction  

 

Regulators of reproduction are body energy and nutrient intake (Cheeke. 2005).  

Body energy is influenced by quality/quantity of feed given and the efficiency of feed 

utilization.  If feed quality is poor, and energy intake is inadequate, body fat becomes 

mobilized.  This can result in a decrease in body energy reserves, which can cause 

delayed puberty (Wiltbank et al., 1969; Day et al., 1986;Yelich et al., 1995) and lead to a 

longer period from calving to first estrus (Short et al. 1990).  These body energy reserves 

are important factors at calving.  When body condition scoring (BCS) was used to 

estimate body fat in beef cows, mature cows with higher estimated body (BCS > 5) had a 

15-35% shorter period from calving to first estrus than cows with a lower estimated body 
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fat (BCS < 5) (Looper et al., 2003; Lents at al., 2008). Improved feed utilization can 

increase BCS at calving, so selection for traits such as RFI could have a positive effect on 

reproductive performance.   

Nutrient intake and feed efficiency can affect the entire reproductive axis (Schillo, 

1992).  Many studies have examined the impact of nutrition on control centers that 

regulate luteinizing hormone (LH) secretion and release.  Luteinizing hormone (LH) is a 

primary reproductive hormone produced by the anterior pituitary, known as a 

gonadotropin because it stimulates the gonads (Bearden et al., 2004).  Nutrition can cause 

differences in the release of LH from the pituitary (Nolan et al. 1988; Randel, 1990).  Past 

studies have examined nutritional effects on reproduction by control centers such as the 

hypothalamus and anterior pituitary.  Poor nutrition in cattle leads to inhibited release of 

LH from the anterior pituitary by reduction of GnRH secretion from the hypothalamus, 

but the process by which negative energy balance and nutrient intake affect secretion of 

GnRH is not established (Rasby et al., 1992).  Schillo et al. (1992) suggested that LH 

release by GnRH during energy restriction can be variable; therefore, dietary restrictions 

of postpartum cattle might increase, decrease, or have no effect on LH release by GnRH.  

Follicle stimulating hormone (FSH) is another important gonadotropin as it promotes 

follicle growth and estrogen production by the granulosa cells in the ovarian follicle 

(Bearden, et al 2004). No studies have investigated the effect of RFI upon GnRH or 

LH/FSH release in cattle.   

Recent research has investigated both deficient/excessive nutritional intake effects 

on plasma concentrations of factors that indicate energy status in cattle, such as insulin, 

leptin, IGF-1, non-esterified fatty acids (NEFA), amino acids, and beta-hydroxybutyrate, 
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and their impact on the reproductive endocrine axis (Hill et al., 2012).   The physiological 

link between energy intake and the reproductive axis most probably involves several 

metabolic hormones and growth factors including insulin, IGF-I, leptin and growth 

hormone (GH) (Scaramuzzi, et al. 2010).  Inadequate nutrition of beef cattle causes a 

decreased concentration of insulin in plasma compared with cows with adequate nutrition 

(Richards et al., 1989; Bossis et al., 1999).  In a study by Kelly et al (2011a), circulating 

insulin was negatively correlated to RFI.  High RFI bulls were observed to have 9.0 and 

9.7 % lower plasma insulin concentration than low and medium RFI bulls, respectively in 

one sampling period in the study.  

In a negative energy balance, growth hormone (GH) is released and stimulates the 

hepatic release of insulin like growth factor (IGF-I).   Cattle with adequate nutrition have 

increased plasma concentrations of IGF-I (Looper, 2010).  Increased IFG-I leads to 

shorter postpartum anestrous intervals, larger dominant follicle sizes, and increased IGF-I 

within the follicles (Rubio et al., 2005).  Though RFI and IGF-I could be genetically and 

physiologically linked, the relationship between them is not fully understood (Kelly, 

2010, 2011a). 

When an abundance of energy is stored as fat, leptin is released from adipose 

tissues (Buchanan et al. 2002).  This release of leptin can influence the reproductive axis 

at the hypothalamic and adenohypophyseal levels (Amstalden et al., 2003; Zieba et al., 

2004).  Leptin has direct effects in the ovary of cattle (Dayi et al., 2005) as it interacts 

with IGF-I to modulate steroid production in vitro cultured bovine thecal and granulosa 

cells (Spicer et al., 2000). Plasma concentrations have been associated with feed 
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conversion rate in beef heifers (Kelly et al., 2010) and F:G and DMI in beef bulls (Kelly 

et al., 2011a) but not directly to RFI. 

In addition to changes induced through gonadotropins, nutrition also directly 

affects the ovary and folliculogenesis (Scaramuzzi, et al. 2010).  Folliculogenesis, or 

follicle development, is a nutritionally responsive process that adapts to direct and 

indirect nutritional signals.  Energy is the main component of the diet that stimulates 

folliculogenesis.  Cows with greater energy intake and body energy reserves postpartum 

had larger dominant follicles at estrus compared with cows with inadequate energy intake 

(Lents, 2008; Quintans et al., 2010).  Though RFI is related to energy utilization in beef 

cattle, no specific interactions between RFI and folliculogenesis have been conducted.    

Further research is needed to investigate the relationship between RFI, 

reproductive endocrine axis, and energy status in cattle to determine any detrimental 

effects on reproduction.   

 

2.2.2 RFI and fertility 

 

A limited number of studies have been conducted examining the relationships of 

RFI on heifer and cow fertility (Arthur et al., 2005; Basarab et al., 2007, 2011; Johnston 

et al., 2009; Shaffer et al., 2011; Donoghue et al. 2011; Mu et al. 2015).  Arthur et al. 

(2005) were the first to report small negative impacts of RFI on fertility, which occurred 

as a result of selecting Angus cows for postweaning RFI in an Australian environment.  

Low RFI cows tended to calve five days later than high RFI cows (215 d vs. 210 d, 

P=0.07).  Differences were attributed to a delay in puberty and/or conception date in the 

first calf heifer. 
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Shaffer et al. (2011) conducted a two-year study with 137 spring-born yearling 

beef heifers of British breed types to determine the relationships between RFI and growth 

rate, body composition, mature size, and fertility.  These authors found a negative linear 

relationship between heifer RFI and age of puberty, with each unit increase in RFI 

resulting in a 7.5-day reduction in age of puberty.   Basarab et al. (2011) examined the 

relationship between heifer RFI and fertility on 190 replacement heifers in a three-year 

study at the Agriculture and Agri-Food Canada Lacombe Research and Development 

Centre.  In an attempt to examine RFI independent of age of puberty, RFI in heifers was 

adjusted for backfat deposition measured at the end of the feed intake period (RFIfat).  

Despite this adjustment, the authors still found fewer low RFIfat heifers reached puberty 

at 12 months of age compared to high RFIfat heifers, suggesting that earlier maturing 

heifers might expend more energy over the test period due to sexual development and 

activity.  Basarab et al. (2011) then attempted to account for differences in fertility by 

adjusting RFI for end of test back fat thickness and feeding event frequency (RFI fat&act).   

Although RFIfat&act was not independent of age of puberty, it was independent of 

conception and pregnancy rates with no differences between conception and pregnancy 

rates between low RFI and high RFI heifers and that potentially negative effects of RFI 

on fertility could also be removed by measuring feed intake on those heifers that have 

reached maturity rather than those that are immature, due to a slight bias towards later 

maturing heifers (Basarab et al. 2011).  In a recent study, Mu et al. (2015) found a 

negative genetic correlation between RFI and days to calving.  These authors suggested 

that this negative relationship is due to differences in fat thickness between low and high 
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RFI animals, further strengthening the need for backfat thickness adjustments when 

calculating RFI to negate any harmful effects.  

Basarab et al. (2011) found no differences in calf birth weight, pre-weaning 

growth, actual weaning weight, 200-day weaning weight and kg calf weaned per heifer 

exposed to breeding between low RFI (-) and high RFI (+) heifers.  When adjusted for 

backfat thickness and feeding event frequency, -RFIfat&act heifers had improved calf 

survival and heifer productivity such that -RFIfat&act heifers produced 191.9 kg while + 

RFIfat&act heifers produced 184.4 kg of calf at weaning per cow exposed.  These positive 

effects on reproduction combined with reduced feed consumed in RFI heifers, suggest 

that including RFI in a multi-trait selection index could lead to a beneficial outcome in a 

beef cattle breeding system. 

 

2.3 Lifetime productivity in beef cattle 

 

 In addition to fertility, lifetime productivity (LTP) is another important factor that 

impacts profitability in a cattle production system.  Although age at first calving and 

calving date within a breeding season are important factors that influence subsequent 

lifetime productivity (Lesmeister et al., 1973), there are numerous other proposed 

measures that have been used to compare cow LTP, including kg calf weaned/hectare 

(Garcia-Paloma et al., 1992), kg calf weaned/kg dry matter/cow exposed (Ferrell and 

Jenkins, 2002), pounds of calf weaned per cow exposed (Arthur et al., 2005), and kg calf 

weaned/100 kg cow weight at weaning (Basarab et al., 2007).  Most Probable Producing 

Ability (MPPA), which is a prediction of the performance of future calves from a given 

cow, has also been used as a measure of production efficiency particularly important to 



 

 

22 

commercial producers.  In general, the most important factor for a cow’s LTP or for the 

economic viability of a beef cattle operation is for a cow to produce a calf every year.  

Selection for RFI must not impact this key factor in a cow-calf operation, or the 

production efficiency of the overall operation will decrease.   

 

2.3.1 RFI and cow lifetime productivity 

  

  Herd et al. (1999) measured pasture feed intake, with a pelleted ration, on 41 

lactating cows that had been previously ranked as high or low RFI.  These authors found 

that low RFI (more efficient) cows were 7 % heavier (618 ± 16 vs. 577 ± 11 kg), had 

similar rib fat (12 ± 0.7 vs. 11.7 ± 0.8 mm) and rump fat (15.8 ± 0.8 vs. 15.6 ± 0.8 mm) 

depths and reared calves of similar birth weight (BW) compared to the high RFI cows. 

They also found the ratio of calf BW: cow feed intake to be 15 % better in low RFI cows 

then high RFI cows. This ratio suggests a positive phenotypic relationship between 

postweaning (PW) RFI of a young heifer and her later efficiency as a cow-calf unit. 

 As stated earlier, Arthur et al. (2005) examined productivity in mature cows 

selected for postweaning RFI, and found a small negative impact of low RFI on fertility 

in Angus cows in that low RFI cows tended to calve five days later in the year compared 

to high RFI cows (+RFI).  They attributed this increase to a longer gestation length, 

longer anestrus period and/or delayed pregnancy in –RFI cows.  Basarab et al. (2007) 

examined productivity traits (production efficiency; biological efficiency; Ellerslie Index 

(production efficiency measure weighted for the economic importance of weaning weight 

and feeding costs)) between dams that produced low, medium, and high RFI progeny.  

Crowley et al. (2011) found a negative correlation between RFI and age at first calving 
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(r=-0.29; SE = 0.14), suggesting heifers selected for improved RFI would lead to later 

conception dates within each breeding season.  However, they did not find any significant 

correlations with RFI and cow performance traits, including fertility, calving difficulty, 

and perinatal mortality.  Collectively, these results from a variety of studies suggest that 

selection for feed efficient, low RFI heifers will have little impact on their productivity as 

mature cows and that heifers selected for low RFI will not impact fertility.  However, it is 

not clear if females selected on the basis of low RFI ranking as heifers will remain feed 

efficient, and rank as low RFI cows. 

 

2.4 Impact of stage of maturity/physiological status on RFI ranking 

 

Selection for feed efficient, low RFI, animals typically occurs when they are 

young and are fed a high-energy diet.  As these animals mature, they are fed a lower 

energy diet, and utilize nutrients differently to produce conceptus, new born calf, milk 

and fat reserves instead of lean tissue (NRC, 2000).  This has led to investigations 

exploring the repeatability of RFI as the animal matures.  Durunna et al. (2011) examined 

RFI re-ranking in 190 replacement heifers over a three-year period.  Heifers were fed the 

same diet (90% barley silage and 10% rolled barley grain) and ranked for low, medium, 

or high RFI over two consecutive periods. These authors found that approximately 49% 

of the heifers maintained the same RFI class from period 1 to period 2, whereas 51% of 

the heifers had a different RFI class in period 2.  This suggests that RFI re-ranking does 

exist among cattle, despite having the same diet and similar environmental conditions and 

could be due to differences in maturity.    
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Several studies have been conducted to evaluate the relationship between RFI in 

young and mature animals (Arthur et al. 1999; Archer, et al. 2002; Herd et al. 2006; 

Black et al. 2013; Halfa et al. 2013).  Arthur et al. (1999) retested 284 four-year old cows, 

previously tested for PW RFI, after weaning their second calf and reported a phenotypic 

correlation of 0.36 between PW RFI and retested cow RFI.  Herd et al. (2006) also 

reported a similar correlation of 0.39 between RFI measured as growing heifers and again 

as three year-old non-pregnant, non-lactating cows fed the same diet.  Archer et al. (2002) 

reported a phenotypic correlation of 0.40 between PW RFI and three year-old non-

pregnant, non-lactating cow RFI.  Archer et al. (2002) also reported a strong genetic 

correlation of 0.98, suggesting that RFI as a heifer and RFI as a mature cow is genetically 

the same, but the phenotypic expression is altered.  Basarab et al. (2007) found a lower 

phenotypic correlation between PW RFI and cow RFI (0.30) measured on cows in their 

second trimester of pregnancy.  Halfa et al. (2013), found a phenotypic correlation of 

0.42 between 48 heifers that were tested for RFI as growing animals and again as 

first/second parity pregnant females.  A negative Pearson correlation coefficient (r = –

0.24; P = 0.03) was found in a study examining the repeatability of RFI between the 

postweaning phase and early gestation in cows, indicating that heifer RFI may not be a 

reliable predictor of mature cow RFI during the first trimester of gestation (Bradbury et 

al., 2011).  Black et al. (2013) examined the relationships between RFI measured as 

growing heifers and subsequently as 3-yr-old lactating beef cows.  These authors found 

no significant correlation (r=0.13) between RFI in the two different stages of production.  

Collectively, these results suggest that differences in maturity or physiological state can 

impact the relationship between RFI when ranked as heifers and re-ranked as cows, and 
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may be a function of differences in maintenance requirements, fat deposition, conceptus 

growth, lactation, activity and thermoregulation. 

 

 

2.5 Summary 
 

With rising feed costs affecting profitability within the beef industry, input related 

traits, like feed efficiency, are becoming extremely important for producers to consider. 

Selection for RFI offers an opportunity to reduce costs of production without affecting 

productivity.  An important factor influencing profitability in a beef cattle production 

system is reproduction.  Previous studies have found no strong relationships between RFI 

and reproductive productivity (Arthur et al., 2005; Basarab et al., 2007, 2011; Johnston et 

al., 2009; Shaffer et al., 2011; Donoghue et al. 2011).  Also, significant relationships that 

were found between RFI measured as a young animal and RFI measured as a mature cow 

ranged from 0.30 – 0.42 (Arthur et al. 1999; Herd et al. 2006; Halfa et al. 2013) or were 

not significant (Black et al. 2013).  These suggest that RFI as a heifer has a low to 

moderate repeatability as animals mature. Also, selection for this trait will not negatively 

impact the reproductive performance of the cow herd.  However, there remains several 

gaps in knowledge that need to be addressed before RFI is integrated into a selection 

index. 

To the authors’ knowledge, there are no long-term studies (> five years) that have 

been conducted to evaluate the relationship between RFI and fertility. Further, a useful 

measure to assess productivity, and evaluate its relationship with heifer RFI and cow RFI 

is needed.  Finally, more information is needed to examine re-ranking of heifers when 

retested as cows.  This is particularly important when animals are reared under one set of 
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environmental conditions as heifers but then exposed to more extreme conditions as 

cows.  This scenario is typical in the western Canadian production environment where 

once mature, cows are often overwintered using swath grazing, bale grazing or other 

overwintering strategies. 
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3. RESEARCH HYPOTHESIS AND OBJECTIVES 

 

3.1 Hypotheses 

 

Heifers tested for postweaning RFI, and selected as replacement animals within 

cow-calf herd based on superior feed efficiency will have no decrease in reproductive 

performance as measured by pregnancy rate, birth weight, and weaning weight. These 

heifers will maintain their superior feed efficiency, as they become mature cows.  Finally, 

low RFI females (heifers and mature cows) will have the same lifetime productivity over 

multiple parities as compared to high RFI females. 

 

3.2 Objectives  

 

The overall objectives of this study were to: i) quantify the relationship between 

RFI and first parity fertility and productivity as measured by pregnancy rate and calf 

productivity traits over three different locations across western Canada (Lacombe, 

Alberta; Kinsella, Alberta; Brandon, Manitoba); ii) develop a useful measure to assess 

lifetime productivity and evaluate its relationship with RFI; and iii) examine the 

relationship between heifer RFI and their RFI and lifetime reproductive efficiency as 

mature cows with multiple parities, ranging from 3-9, at two different locations 

(Lacombe, Alberta; Kinsella, Alberta) 
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4.1 Abstract 

 

In beef cattle production, selection for RFI is a means of improving efficiency and 

decreasing feed costs. However, its impact on fertility and reproductive productivity has 

not been fully explored. The objectives of this study were to examine the effect of heifer 

residual feed intake adjusted for off-test ultrasound backfat thickness (RFIfat) on first 

parity fertility and productivity as well as subsequent lifetime productivity. To study the 

effect of RFIfat on first parity fertility, pregnancy rate was analyzed in 820 females ranked 

as low, medium, and high RFIfat from three locations in western Canada.  Age at first 

calving, weaning weight of first calf, and most probable producing ability for birth 

weight (MPPAbw) and weaning weight (MPPAww) were calculated as measures of first 

parity heifer productivity.  The effect of heifer RFIfat (n=532) on subsequent lifetime 

productivity as cows (mating opportunities=1285) was measured over a 9-year period 

(2005-2013) at Lacombe, Alberta, Canada.  Most probable producing ability for birth 

weight and MPPAww were calculated as measures of cow productivity.  A lifetime 

average productivity (LTAP) was calculated for each animal in the herd, based on the kg 

of calf weaned per cow bred per year.  Correlations between LTAP and RFIfat were 

adjusted for year of test.  A total lifetime productivity measure (LTTP) was also 

calculated total calf weaning weight (kg) output per cow culled from the herd, due to 

temperament or infertility (open), as these animals had an opportunity to express a 

lifetime of production.  

Residual feed intake rank (low, medium, high) had no significant effect on 

pregnancy rate, when adjusted for season and site differences (P=0. 33).  No significant 

correlations were found between MPPAww and RFI, RFIfat, RFI adjusted for back fat and 
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feeding event frequency (RFIfat&activity) or age at first calving.  A negative trend was 

observed between RFI, RFIfat and MPPAbw when calculated from first parity fertility and 

production at the three locations. However this trend was no longer observed when RFI 

was adjusted for back fat and feeding event frequency (RFIfat&activity).  When calculated 

across all nine parities at Lacombe, a small negative correlation was observed between 

MPPAbw and RFI (r= -0.13, P = 0.02), RFIfat  (r =-0.10, P = 0.06) and RFIfat&activity  (r = -

0.10, P = 0.07). No significant correlations were found between MPPAww and RFI (r = -

0.01, P = 0.91) or RFIfat (r = -0.02, P = 0.68) and RFIfat&activity (r = -0.01, P = 0.92).  

Further, no significant correlations were found between LTAP and LTTP and all 

measures of feed efficiency.   

These results suggest that selection for feed efficient, low RFI replacement heifers 

has no impact on their first parity fertility and productivity or on subsequent productivity 

as cows. 

 

Keywords: Residual Feed Intake, fertility, lifetime productivity, beef heifers and cows 
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4.2 Introduction 

Feed efficiency within the beef industry can significantly impact profitability as a 

high percentage of input costs are associated with feed and pasture (Larson, 2010). 

Residual feed intake (RFI) has been proposed as a desirable measure of feed efficiency 

because it is independent of growth rate, body size, and measures of body composition 

and is moderately (h
2
 = 0.30-0.43) heritable (Herd et al., 2003).  However, if RFI is used 

as a selection tool in commercial production, it should have few, if any, antagonistic 

effects on other important traits including reproduction, as profitability of cow-calf 

production systems are largely dependent on reproductive success (Dickerson, 1970).   

Small negative impacts of RFI on fertility have been reported, including a 5-day 

delay in calving date in low RFI cows (Arthur et al., 2005; Basarab et al., 2007) as well 

as a decrease in the number of animals reaching puberty at 12 months of age, even when 

adjusted for off-test backfat thickness in an attempt to ensure independence with age at 

puberty in replacement heifers and young bulls (Basarab et al., 2011). In a recent study, 

Mu et al. (2015) found a negative genetic correlation between RFI and days to calving.  

These authors suggested that this negative relationship is due to differences in fat 

thickness between low and high RFI animals, further strengthening the need for backfat 

thickness adjustments when calculating RFI to negate any harmful effects.  Basarab et al. 

(2011) also suggested that testing young growing cattle for feed intake when they are 

between 7 to 12 months of age favors later maturity types as post-pubertal cattle expend 

4-5% more energy over the test period due to sexual development and activity compared 

with pre-pubertal animals.  So, in an attempt to adjust for sexual activity of post-pubertal 
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animals, the authors adjusted off-test backfat thickness and feeding activity.  Shaffer et al. 

(2011) found a significant negative linear relationship between RFI and age at puberty, 

whereby a one-unit increase in RFI corresponded to a 7.5 day decrease in age at puberty 

with no affect on pregnancy or conception rates (P > 0.10), suggesting that selection of 

low RFI animals could delay reproductive maturity. These authors suggested that 

negative effects of RFI on fertility could be removed by measuring feed intake in heifers 

that have all reached puberty (11-14 mon of age or older), thus negating the slight bias 

towards later maturing heifers.   

Conversely, several studies have found no negative effects on several 

reproductive traits in low RFI heifers (Basarab et al., 2007, 2011; Donoghue et al. 2011). 

Therefore, it is essential to examine fertility in larger groups of heifers and over a greater 

number of parities in several locations to assess the relationship between reproduction 

and RFI.  The purpose of this study was to i) quantify the relationship between RFI and 

first parity fertility and productivity at three locations and over nine parities, and ii) 

develop a useful measure to assess lifetime productivity and evaluate its relationship with 

RFI.  

 

4.3 Materials And Methods 

 

4.3.1 Animal Management   

Data from 864 crossbred replacement heifers in their first calving and born 

between 2005 and 2014 were collated from three research herds in Canada including 532 

from the Lacombe Research and Development Centre (Lacombe, AB), 272 from the 
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University of Alberta Roy Berg Kinsella Ranch (Kinsella, AB) and 60 from Brandon 

Research and Development Centre (Brandon, MB). The foundation stock for Lacombe 

and Brandon herds were largely made up of Angus, Charolais and Hereford while at 

Kinsella, the beef-dairy hybrids were heavily influenced by Angus and Hereford breeds 

with infusion of Holstein.  

Heifers were born each calving season from March to mid-May.  All animals 

were vaccinated with Bovishield Gold FP5 VL5 (Pfizer Animal Health, Pfizer Canada 

Inc., Kirkland, Québec, Canada) for infectious bovine rhinotracheitis, parainfluenza-3 

virus, bovine viral diarrhea, and bovine respiratory syncytial virus; One Shot Ultra (Pfizer 

Animal Health) for Pasteurella multocida; and Ultrabac 7/Somnubac (Pfizer Animal 

Health) for Hemophilus somnus and clostridial diseases at two months of age.  Six weeks 

before weaning, heifers received booster vaccinations and an Ivomec parasiticide (Merial, 

Baie d’Urfe, Canada).  Heifers were weaned in October of each year and were selected as 

herd replacements based on their body weight, temperament, performance, as well as 

udder conformation and performance of their dam.  At weaning, all calves were weighed 

and tagged with a half-duplex radio frequency transponder button (Allflex USA Inc., 

Dallas/Fort Worth Airport, TX) in the right ear.  Brandon heifers (n=60, 2012) were 

shipped to Lacombe for the feed intake test period.  Kinsella heifers were tested at the 

Roy Berg Kinsella Research Station under the same procedures. 

At 60-90 days post-weaning, heifers were fed 90% barley silage, 10% barley 

grain ad libitum twice daily with free choice access to freshwater, salt and mineral (Feed-

Rite Rite-Mins Beef Cow Calving Plus Mineral, Feed Rite, A Division of Ridley Inc., 34 

Terracon Place, Winnipeg, MB, Canada R2J 4G7). Individual animal feed intake and 
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feeding behaviour, including daily feeding event frequency (events·d
−1

), duration 

(min·d
−1

), and head-down time (min·d
−1

) were measured using GrowSafe ® (GrowSafe 

Systems Ltd., Airdrie, AB).  The GrowSafe ® feeding stations and concrete apron were 

covered by an open-sided wooden roof that prevented precipitation from entering the 

feeding stations.  Wood chips and shavings were used as bedding and were placed into 

the pen as required.  Following a 28-35 d adjustment period, heifers were weighed on two 

consecutive days at the start and end of a 68-d to 107-d test period, and at approximately 

28-d intervals thereafter.  Heifers were also measured for ultrasound backfat thickness 

(mm), longissimus thoracis area (cm
2
) and marbling score at the end of the test period (as 

described in Table 1).  Ultrasound measurements were taken with an Aloka 500V 

diagnostic real-time ultrasound with a 17-cm 3.5 MHz linear array transducer (Overseas 

Monitor Corporation Ltd., Richmond, BC) by a certified ultrasound technician using 

procedures described by Brethour (1992).   

Following the end of the feed intake test in May, Lacombe heifers were moved to 

a meadow-brome grass (Bromus riparius Rehm.) alfalfa (Medicago sativa L.) pasture and 

exposed to natural service (15:1 heifer to bull ratio) over a 37-day breeding season.  

Brandon heifers were transported back to Manitoba and placed on an alfalfa (Medicago 

sativa L.) brome grass pasture and exposed to a natural service over a 63-day period.  

Kinsella heifers were moved to a brome pasture over a 44-day breeding period.  Heifers 

were bred to sire breeds consisting of Angus, Charolais, and Hereford.  Transrectal 

ultrasonography (Aloka SSD 500 attached to a 7.5 MHz linear-array transducer) was 

used to determine pregnancy status one month following the end of breeding at all 

locations.  Heifers were kept as herd replacements based on pregnancy status (open or 
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pregnant) and temperament.  Data were collected for each heifer, including birth weight, 

calving ease, calf type (single or twin), calving history, and weaning weight at each 

location.  Calving data collected for each animal from 2005-2014 were used to calculate 

productivity traits for each RFI tested heifer.  All animals were cared for according to the 

guidelines of the Canadian Council on Animal Care (1993).      

 

 

4.3.2 Feed sample collection and analysis 

Feed samples of the total mixed ration fed were collected weekly, pooled monthly 

and analyzed for dry matter (DM), calcium, phosphorus, crude protein (CP), neutral 

detergent fibre (NDF) and acid detergent fibre (ADF).  Dry matter was determined by 

drying diet samples at 100
o
C in a forced-air oven to a constant weight.  Calcium (AOAC 

Official Method 927.02) and phosphorus (AOAC Official Method 946.06) were analyzed 

using AOAC methods (AOAC 1996).  Crude protein was calculated as 6.25 x N (AOAC 

1996, Official Method 973.03). Diet content of ADF and NDF were determined by the 

procedure of Van Soest et al. (1991).  Summaries of the diet used per year and location 

are included in Appendix I.    

 

4.3.3 RFI Calculations  

For each heifer, feed conversion ratio (FCR) was calculated as kg of dry matter 

intake (DMI) per kg of gain.  Residual feed intake was calculated as the difference 

between actual standardized DMI (SDMI) and expected feed intake (EFI).  Daily feed 

intake recorded from the GrowSafe ® system, was multiplied by the dry matter 
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percentage to derive a daily dry matter intake, and then multiplied by the metabolizable 

energy content of the ration, and divided by 10 to standardize intake to an energy density 

of 10 MJ ME kg d
-1

 DM. The daily feed intake value was then converted back to an as-

fed value for an actual SDMI value.   For each animal within a contemporary group, this 

value was regressed on average daily gain (ADG) and metabolic mid-weight (MIDWT) 

to estimate EFI using PROC GLM (SAS Institute, Inc. 2009) and the following model: 

Yi=b0 + b1ADGi+ b2 MIDWT
0.75

i + ei, 

where Yi is the SDMI for animal i, b0 is the regression intercept, b1 is the partial 

regression coefficient of SDMI on ADG, b2 is the partial regression coefficient of SDMI 

on MIDWT, and ei is the random error term. A second and a third model were developed 

to adjust RFI for off-test back fat thickness (RFIfat), and off-test back fat thickness and 

average feeding event frequency during the test (RFIfat&activity).  Heifers were then 

classified into low (RFI = < -0.05), medium (from -0.05 to 0.05), and high (> 0.05) RFI, 

RFIfat and RFIfat&activity groups. 
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Table 1a. Means and standard deviations for performance, feeding behavior, and postweaning breeding traits in Lacombe beef heifers from 2005-2013. 
 Traits 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Number of replacement heifers 21 19 61 68 61 40 94 87 81 
Mean age at start of test (d) 330 (9) 305 (11) 265 (13) 266 (12) 298 (10) 320 (13) 337 (11) 316 (20) 311 (13) 
Length of feed intake test (d) 80 85 99 102 107 79 68 68 77 

          On test period 
         ADG (kg/d) 0.72 (0.12) 1.29 (0.14) 1.02 (0.11) 1.02 (0.13) 0.67 (0.12) 0.88 (0.11) 1.02 (0.13) 0.90 (0.20) 0.96 (0.17) 

DMI (kg DM/d) 7.80 (0.64) 7.58 (0.79) 8.19 (0.68) 7.48 (0.78) 7.04 (0.59) 10.60 (0.91) 8.89 (0.70) 6.94 (0.92) 8.26 (0.96) 
Metabolic mid-weight (kg) 85.83 (6.36) 80.35 (6.63) 81.56 (5.74) 77.95 (5.63) 82.65 (4.54) 90.68 (5.13) 86.94 (5.35) 80.23 (7.33) 83.84 (5.24) 
Feeding event duration (min d

-1
) 184.22 (37.05) 214.57 (30.54) 188.03 (32.17) 166.37 (28.65) 143.82 (27.41) 155.26 (24.42) 175.64 (24.96) 157.73 (21.18) 150.24 (21.29) 

Feeding event head-down time(min d
-1

) 86.45 (30.67) 117.99 (27.96) 97.21 (24.70) 83.03 (17.28) 91.89 (25.43) 93.36 (22.20) 135.94 (25.23) 85.97 (21.43) 85.92 (21.68) 
Feeding event frequency (events d

-1
) 93.64 (17.44) 107.19 (18.47) 105.91 (21.62) 86.72 (17.15) 111.05 (17.80) 81.90 (13.45) 92.32 (18.86) 115.27 (22.84) 105.98 (20.79) 

FCR (kg DM kg
-1

 gain) 11.12 (2.04) 5.59 (0.43) 8.12 (0.70) 6.96 (0.59) 11.95 (1.85) 12.18 (1.12) 8.89 (.95) 8.03 (1.72) 8.72 (1.00) 
RFI (kg DM d

-1

) 0.00 (0.61) 0.00 (0.43) 0.00 (0.34) 0.00 (0.32) 0.00 (0.36) 0.02 (0.41) 0.00 (0.38) 0.00 (0.38) 0.00 (0.38) 
RFI

fat 
(kg DM d

-1

) 0.00 (0.60) 0.01 (0.40) 0.00 (0.31) 0.00 (0.32) 0.00 (0.35) 0.01 (0.40) 0.00 (0.38) 0.00 (0.38) 0.00 (0.36) 
RFI

fat & activity 
(kg DM d

-1

) 0.00 (0.53) 0.01 (0.37) 0.00 (0.30) 0.00 (0.29) 0.00 (0.34) 0.00 (0.40) 0.00 (0.37) 0.00 (0.35) 0.00 (0.36) 

          
          Pre-post breeding traits 

         Heifers exposed (via natural service) 21 19 61 68 61 40 52 62 80 
Heifers pregnant in the fall 17 15 49 51 53 33 49 51 65 
Heifers calving 17 15 48 50 51 29 44 46 50 
Pregnancy rate (%) 81 79 80 75 87 83 94 82 81 
Calf birth weight (kg) 41.7 (4.4) 35.0 (4.7) 37.3 (4.0) 34.0 (3.2) 39.3 (4.4) 38.0 (3.6) 36.7 (3.4) 37.8 (2.6) 36.5 (7.9) 
Calf wean weight (kg) 260.4 (21.7) 221.8 (20.3) 243.2 (21.5) 251.6 (26.1) 263.2 (32.9) 254.5 (29.3) 238.7 (26.5) 288.5 (33.5) 267.2 (29.3) 
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Table 1b. Means and standard deviations for performance, feeding behaviour, and postweaning 

breeding traits in Kinsella beef heifers in 2012 and 2013 and Brandon in 2012. 

Location Kinsella   Brandon 

 

2012 2013 

 

2012 

Number of replacement heifers 157 131 

 

60 

Age at start of test (d) 257 (13) 267 (12) 

 

338 (12) 

Length of feed intake test (d) 78 83 

 

78 

     On test period 

    ADG (kgd
-1

) 0.98 (0.17) 0.96 (0.17) 

 

0.81 (0.15) 

DMI (kg DM d
-1

) 8.09 (0.90) 7.56 (0.77) 

 

7.92 (0.62) 

Metabolic mid-weight (kg) 75.53 (6.22) 75.19 (4.58) 

 

88.63 (5.02) 

Feeding event duration (min d
-1

)  128.64 (35.75) 92.14 (24.44) 

 

130.33 (30.12) 

Feeding event head-down time (min d
-1

) 89.55 (29.56) 63.80 (20.39) 

 

79.68 (24.00) 

Feeding event frequency (events d
-1

) 106.15 (29.72) 113.77 (22.15) 

 

79.27 (20.34) 

FCR (kg DM kg
-1

 gain) 8.40 (1.29) 7.94 (1.06) 

 

10.02 (1.60) 

RFI (kg DM d
-1

) 0.05 (0.65) 0.00 (0.45) 

 

0.00 (0.31) 

RFIfat (kg DM d
-1

) 0.05 (0.65) 0.00 (0.44) 

 

0.00 (0.31) 

RFIfat & activity (kg DM d
-1

) 0.03 (0.46) 0.00 (0.42) 

 

0.00 (0.30) 

     Pre-post breeding traits 

    Heifers exposed (via natural service) 104 97 

 

60 

Heifers pregnant in the fall 86 84 

 

58 

Heifers calving 81 80 

 

56 

Pregnancy rate (%) 90 86.6 

 

96.7 

Calf birth weight (kg) 35.7 (4.8) 36.5 (4.4) 

 

43.3 (6.6) 

Calf weaning weight (kg) 192.6 (25.1) 206.0 (26.2)   249.2 (31.5) 
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4.3.4 Reproduction and fertility  

Pregnancy rate was calculated for each season and site to study the relationship 

between measures of feed efficiency (e.g., RFI, RFIfat, RFIfat&activity) and first parity 

fertility.  For each heifer, pregnancy status was coded as 1 (pregnant) or 0 (open), a 

binary outcome.  These data were analyzed with the SAS procedure, GLIMMIX, 

assuming a binomial distribution and a logistic transformation.  The model was: 

     
    

       
                

where pijk is the probability of the kth heifer in the jth RFI group and ith site-year 

becoming pregnant, syi is the effect of the ith site-year, gj is the effect of the jth RFI 

group and eijk is the residual. 

4.3.5 Determination of repeatability for birth weight and weaning weight  

Multiple calving data from each cow from Lacombe (Table 4) were analyzed 

using PROC MIXED (SAS Institute, Inc. 2009) with the following model: 

 

Yijkl= μ + Yeari + b1Cowageijkl + b2Cowageijkl
2
+ Sj + Cowk + eijkl, 

 

where Yijkl is the individual animal observation for either birth weight (BW) or weaning 

weight (WW) of the lth calf born to the kth cow of the jth gender and born in the ith year, 

Yeari is the effect of the ith calving year, Cowageijkl is age of cow at calving, b1 and b2 are 

regression coefficients for linear and quadratic effects of Cowage on calf weight traits,  S j 

is the effect of calf gender, Cowk is the effect of the kth cow and eijkl is the deviation due 

to the ijklth calf.  The model for weaning weight did not include an adjustment for calf 

age, therefore weaning weight differences among calves included differences in birth date 
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and thus differences in breeding dates of their dams.  Cow and error effects were 

considered random effects while all other terms were considered fixed.   

Repeatability (r) for birth weight was calculated using cow variance (    
 ) and 

error variance (  
 ) components, which were produced from the mixed model analysis of 

the data described above. In our data for birth weight and weaning weight, the variance 

components and the repeatability values were as follows: 

    
    

 

    
    

 
 

    

          
      

 and  

    
    

 

    
    

 
 

   

       
      

For a cow (k) with n calf birth weight records, each adjusted for sex, age of cow and 

contemporary group, and expressed as an average, the        
 for that cow is defined 

as: 

       
 

    
          

[                                               ] 

The same definition applies to the calculation of MPPAww. For Lacombe heifers with 

multiple parities, these MPPA values were calculated directly by the mixed model 

procedure described above and produced as: 

       
    ̂  

Where    ̂ is the BLUP value produced from the mixed model analysis. The MPPAww 

value for cows was produced from the mixed model analysis of the weaning weight data. 
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4.3.6 Calculation of first parity traits and single calf MPPA in all heifers 

Age at first calving, weaning weight of first calf and single calf MPPAbw and 

MPPAww were used to examine the effect of feed efficiency on first parity productivity at 

all three sites.  Most probable producing ability, which is a prediction of the performance 

of future calves from a given cow and includes both cow maternal and direct genetic 

effects, as well as permanent environmental effects, was calculated for each heifer kept as 

a herd replacement (Bourdon, 2000) from their first calf.  Data was analyzed using PROC 

MIXED (SAS Institute, Inc. 2009), with the following model: 

Yijk= μ + Yeari + Sj + eijk, 

where Yij is the individual animal observation for either birth weight (BW) or weaning 

weight of the kth calf of the jth gender and born in the ith year, Yeari is the effect of the 

ith calving year,  Sj is the effect of calf gender and eijkl is the deviation due to the ijk’th 

calf .  Brandon only had one year of data, therefore year effect was excluded from the 

model.  MPPA from heifers with a single calf at the three locations was calculated using 

the repeatability value derived above, assuming the repeatability results for Lacombe 

cows applies to the other locations: 

       
           

       
           

 

4.3.7 Multiple parity MPPA values for Lacombe cows 

  PROC MIXED (SAS Institute, Inc. 2009) was used to produce BLUP estimates of 

MPPA for either birth or weaning weight, produced as estimates of Cowk effects from 

animals at Lacombe with multiple parities (Table 2).  Each year, new replacement heifers 
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were introduced into the herd, as is the case in commercial beef operations in western 

Canada.  Breed of animal was not included in any of the models as it was not a 

significant effect.  

Table 2. Number of animals per parity from 2005-2013 at Lacombe Research and 

Development Centre (Lacombe, AB) 

Parity 2005 2006 2007 2008 2009 2010 2011 2012 2013 

1 21 19 61 68 61 40 94 87 81 

2 . 15 15 47 45 45 28 48 41 

3 . . 10 13 42 34 37 26 25 

4 . . . 8 12 35 33 28 16 

5 . . . . 7 7 30 22 15 

6 . . . . . 4 6 23 15 

7 . . . . . . 4 2 9 

8 . . . . . . . 2 1 

9 . . . . . . . . 1 

Herd Size (N) 21 34 86 136 167 165 232 238 204 

  

4.3.8 Lifetime productivity values 

Lifetime average productivity (LTAP) was calculated for each animal in the 

Lacombe herd, based on the average weaning weights (kg of calf weaned per cow bred 

per year) adjusted for parity.  A lifetime total productivity measure (LTTP) was also 

calculated as the total calf weaning weight (kg) output per cow culled from the herd, 

adjusted for year, as these animals were deemed to have had the opportunity to express a 

lifetime of productivity. Animals were culled on the basis of temperament or infertility 

(open).  
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4.3.9 Testing effects of RFI on productivity    

Correlations between RFI and the different measures of productivity and calving 

traits, such as calving difficulty, were calculated using PROC CORR (SAS Institute, Inc. 

2009).  Least squares means between feed efficiency groups for all measures of 

productivity were calculated using PROC GLM (SAS Institute, Inc. 2009).   

  

4.4 Results   

Age, length of RFI test, on-test performance and pre- and post-breeding traits are 

described in Tables 1a and 1b for heifers located at Lacombe and Kinsella/Brandon, 

respectively.  

Lacombe heifers were 305 days of age at the beginning of each test from 2005-

2013.  The average length of test over all years was 83 d.  Across seasons, Lacombe 

heifers had an average gain of 0.94 kg d
-1

, consumed 8.08 kg DM head
–1 

d
–1

, and had a 

feed conversion ratio of 9.06.  Lacombe heifers had an average feeding duration of 171 

min d
-1

, head-down time of 98 min
 
d

-1
, and feed event frequency of 100 events d

-1
.    

Kinsella heifers were 262 d of age at the beginning of each test between 2012 and 

2013.  The average length of test was 81 d.  On average, Kinsella heifers gained 0.97 kg 

d
-1

, consumed 7.80 kg DM head
–1 

d
–1

, and had a feed conversion ratio of 8.17.  Kinsella 

heifers had an average feeding duration of 110 min d
-1

, head-down time of 76 min
 
d

-1
, 

and feed event frequency of 110 events d
-1

.    

The length of test at Brandon was 78 d in which heifers gained 0.81 kg d
-1

, 

consumed 7.92 kg DM head
–1 

d
–1

, and had a feed conversion ratio of 10.02.  Brandon 
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heifers had an average feeding duration of 130.33 min d
-1

, head-down time of 79.68 min
 

d
-1

, and feed event frequency of 79.27 events d
-1

.    

Pregnancy rate differences between low, medium, and high RFI grouped heifers 

over nine breeding seasons are illustrated in Figure 1.  Pregnancy rates differed 

(P<0.0001) among years and sites, but there were no significant differences (P > 0.1) 

among RFI groups (low, medium, and high) and pregnancy rate.  Further, no differences 

were found between pregnancy rate and RFI adjusted values, including RFI (P = 0.33), 

RFIfat (P = 0.39), and RFIfat&activity (P = 0.28).  
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Figure 1. Pregnancy rate

 
between low, medium, and high

1
 ranked RFI heifers from Lacombe (2005-2013), Kinsella (2012-

2013), and Brandon
2
 (2012). 

1. No significant differences (P > 0.1) among RFI groups (low, medium, and high) and pregnancy rate
 

2. Pregnancy rates differed (P<0.0001) among years and sites
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Phenotypic correlations between feed efficiency traits (e.g., RFI, FCR) and first 

parity productivity traits are presented in Table 3.   No significant correlations were 

found between RFI or RFIfat and age at first calving, weaning weight at first calving, and 

MPPAww.  However, a small negative trend (P < 0.01) was observed between RFI and 

first parity MPPAbw (r=-0.08, P = 0.07) and RFIfat and first parity MPPAbw (r=-0.07, P = 

0.09) indicating slightly heavier birth weights in low RFI first calf heifers.  These trends 

were no longer observed when RFI was adjusted for backfat and feeding activity (P = 

0.58). The least squares means for age at first calving, wean weight at first calving, 

MPPAbw, and MPPAww for first parity cows did not differ significantly among low, 

medium, and high ranked RFI heifers (Table 4). 
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Table 3. Phenotypic correlations between heifer feed efficiency traits, age at first calving, weaning weight of first calf, 

and first parity MPPA for birth and weaning weights 

Trait RFIfat RFIfat&activity FCR 
Age at first 

calving 

Weaning weight 

at first calving 
MPPAbw MPPAww 

RFI  0.99** 0.83** 0.25** 0.00 0.02 -0.08* 0.02 

N  820 820 820 565 612 564 546 

RFIfat    0.84** 0.25** 0.00 0.01 -0.07* 0.02 

N    820 820 565 612 564 546 

RFIfat&activity      0.22** -0.00 0.04 -0.02 0.04 

N      820 565 612 564 546 

FCR        0.13** 0.05 -0.01 0.03 

N       565 612 564 546 

Age at first 

calving  
  

      
-0.25** 0.01 -0.11** 

N          546 564 546 

Wean weight at 

first calving  
  

        
0.19** 0.85** 

N            551 551 

MPPAbw              0.23** 

N              551 

**P<0.05 *P<0.10             
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Table 4. Least squares means (± SEM) for productivity traits including age at first calving, weaning 

weight of first calf, and first parity MPPA for birth weight and weaning weight for heifers ranked as 

low, medium, and high RFI, RFIfat or RFIfat&activity. 

Trait Low                Medium High P-Value 

N  186 291 343   

RFI, (kg DM d-1) -0.53 ± 0.02 0.04 ± 0.01 0.27 ± 0.02 <0.0001 

N  186 291 343   

RFIfat, (kg DM d-1) -0.50 ± 0.02 0.04 ± 0.02 0.26 ± 0.02 <0.0001 

N 186 291 343   

RFIfat&activity, (kg DM d-1) -0.39 ± 0.02 0.04 ± 0.02 0.19 ± 0.02 <0.0001 

N 186 291 343   

FCR (kg DM/kg) 8.29 ± 0.14 9.06 ± 0.11 8.92 ± 0.10 <0.0001 

N 131 215 219  

Age at first calving (Y) 1.97 ± 0.00 1.97 ± 0.00 1.96 ± 0.00 0.57 

N  149 231 237   

Weaning weight of 

first calf (kg) 
198.40 ± 7.37 200.55 ± 6.00 215.40 ± 5.85 0.94 

N  138 214 219   

MPPAbw (kg) 0.04 ± 0.07 0.00 ± 0.06 -0.03 ± 0.06 0.80 

N  132 207 212   

MPPAww (kg) -0.17 ± 1.34 0.59 ± 1.07 -0.47 ± 1.06 0.77 

Least squared means were calculated using the PROC GLM procedure (SAS Institute, Inc. 2009). 

 

Phenotypic correlations between replacement heifer RFI, RFIfat and RFIfat&activity 

and MPPAbw and MPPAww across all parities, LTAP, and LTTP are presented in Table 5.  

A low negative correlation (P < 0.05) was observed between RFI and MPPAbw, 

indicating that low RFI heifers (efficient) had slightly heavier birth weights compared 

with high RFI heifers (inefficient).  This trend (P < 0.10) was also apparent for 

RFIfat&activity. However, correlations between RFI, RFIfat, and RFIfat&activity and MPPAww, 

LTAP and LTTP were not significant, indicating that RFI had little if any antagonistic 

effects on cow lifetime productivity.  
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Table 5. Phenotypic correlations between heifer feed efficiency, MPPA for birth 

and weaning weights of all nine parities and cow lifetime average/productivity. 
  

Trait RFIfat RFIfat&activity FCR MPPAbw MPPAww LTAP LTTP 

RFI 0.98** 0.93** 0.19** -0.13** -0.01 0.03 0.09 

N  532 532 532 350 350 415 218 

RFIfat   0.95** 0.18** -0.10* -0.02 0.02 0.08 

N    532 532 350 350 415 218 

RFIfat&activity     0.17** -0.10* -0.01 0.04 0.08 

N      532 350 350 415 218 

FCR       0.11** 0.03 0.08 -0.08 

N       350 350 415 218 

MPPAbw          0.28** 0.15** 0.13 

N          350 350 138 

MPPAww           0.74** 0.42** 

N           350 138 

LTAP 
      

0.62** 

N              218 

**P<0.05 *P<0.10             
LTAP: Lifetime calf weaning weight average of all animals in the herd. 

LTTP of culled cows from the herd, based on total output of weaning weight (kg). 

 

 Least squares means among low, medium, and high RFI ranked heifers for 

productivity traits of all nine parities are presented in Table 6.  Significant differences 

between MPPAbw and RFI heifers ranked low, medium, and high were no longer 

apparent when adjusted for fat or fat and activity (P > 0.10).  Clearly, no differences were 

evident between RFI rank and the LTAP of cows with multiple parities over the 8-year 

period (Figure 2).  In Figure 2, extreme values were found in the high ranked animals, 

due to limited variation found between the 25
th
 and 75

th
 percentile.  These extreme values 

were not removed from the dataset to avoid data bias.      
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Table 6.  Least squares means (± SEM) for productivity traits including MPPA for birth and weaning 

weight and cow lifetime average/ total productivity for heifers ranked as low, medium, and high. 

Trait Low Medium High P-Value 

N 158 222 152   

RFI , (kg DM d-1) -0.43 ± 0.01 0.01 ± 0.01 0.45 ± 0.01 <0.0001 

N 158 222 152   

RFIfat , (kg DM d-1) -0.41 ± 0.01 0.00 ± 0.01 0.42 ± 0.01 <0.0001 

N 158 222 152   

RFIfat&activity , (kg DM d-1) -0.37 ± 0.02 0.00 ± 0.01 0.39 ± 0.02 <0.0001 

N 158 222 152   

FCR (kg DM/kg) 8.32 ± 0.17 9.14 ± 0.14 9.39 ± 0.17 <0.0001 

N 99 144 107   

MPPAbw, (kg) 0.19 ± 0.13  0.05 ± 0.10 -0.25 ± 0.12 0.03 

N 99 144 107   

MPPAww, (kg) -0.37 ± 1.08 0.75 ± 0.89 -0.65 ± 1.04 0.54 

N 119 173 123   

LTAP, (kg of calf weaned 

per cow bred per year) 
186.94 ± 9.71 190.00 ± 8.05 199 ± 9.55  0.64 

N 74 90 54   

LTTP, (kg of total calf 

weaned per cow culled ) 
330.12 ± 50.61 368.01 ± 45.90 403.69 ± 59.25 0.32 

Least squared means were calculated using the PROC GLM procedure (SAS Institute, Inc. 2009). 
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                         High                                    Low                                    Medium 

 

 

Figure 2. Distribution of LTAP between low, medium, and high RFI-grouped cows 

Mean (    ), median (—), 25
th
 and 75

th
 percentile (boxes), 10

th
 and 90

th
 percentile 

(whiskers) and extreme values () 

 

4.5 Discussion  

 Data parameters and performance trait results (Table 1a, 1b) are consistent with 

previous studies (Basarab et al. 2011).  Length of test (68 to 107 d) and recorded live 

weight at 28-d intervals were considered adequate to measure ADG and DMI average for 

individual animals (Wang et al. 2006; BIF 2010).  All growth curves had a coefficient of 

determination (R
2 
x 100) greater than 95%, indicating that growth was linear and the 

choice of a linear regression model was appropriate. Fluctuations in ADG, DMI, and 
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FCR between test years were apparent, however, management of the herd was consistent 

with industry standards, so variations in performance associated with slight changes in 

diet composition, environmental conditions, and therefore, environment demands from 

year to year are expected.  This range of conditions adds to the robustness of the data set 

and provides an accurate representation of performance related to feed efficiency.    

The current study, which included nine parities, did not find a significant 

correlation between RFI and pregnancy rate or age at first calving.  Arthur et al. (2005) 

and Basarab et al. (2011) initially found that low RFI heifers had a lower conception rate 

and tended to calve later in the breeding season.  However, these studies were based on 

data from cows with few parities, and when RFI was adjusted for backfat and feeding 

activity, the pregnancy rate between low and high ranked RFI heifers did not differ 

(Basarab et al., 2011).   

Our study shown that RFI was not significantly correlated to weaning weight at 

first calving, MPPAbw, and MPPAww, indicating that RFI group will not affect the first 

parity productivity.  These findings conducted over nine test years corroborate previous 

research conducted over shorter time frames (Basarab et al. 2011, Donoghue et al. 2011).  

Basarab et al. (2011) found no differences in calf birth weight, pre-weaning growth, 

actual weaning weight, 200-day weaning weight and kg calf weaned per heifer exposed 

to breeding between low RFI and high RFI heifers over a three-year period.  Further, 

when adjusted for fat and activity, low RFIfat&activity heifers had improved calf survival 

and heifer productivity, producing 191.9 kg of calf at weaning per cow exposed 

compared to 184.4 kg for + RFIfat&activity heifers.  Also, Donoghue et al. (2011) found no 

differences, after 1-2.5 generations of selection, between –RFI and +RFI for calf birth 
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weight and kg of calf born per female exposed. Further, to the authors’ knowledge, the 

current study is the first to relate RFI to MPPA. No significant correlations or trends were 

observed between RFI/RFI adjusted values and MPPAww when all parities were included 

in the calculation.  This demonstrates that selection for low RFI heifers will not 

negatively impact fertility and productivity.  However, a small but significant negative 

correlation observed between RFI and MPPAbw, suggests that low RFI heifers may 

produce heavier progeny at birth, possibly leading to increased calving difficulty.  It 

should be noted that this relationship is small (r = -0.13), therefore a very small increase 

in birth weight is unlikely to increase calving difficulty.  In the current study, no 

significant differences (P > 0.10) were observed among RFI ranks (low, medium, and 

high) for calving difficulty (data not shown).  These findings are consistent with those 

reported by Crowley et al. (2011) who examined the relationship between long-term 

selection for feed efficiency and calving difficulty (r = -0.10, P = 0.13).  This relationship 

actually may indicate a healthier calf due to an improved uterine nutrient environment 

from efficient, low RFI heifers.  It is important to note that although RFI and MPPAbw 

were significantly correlated, no significant correlations were observed between RFI and 

MPPAww or the two lifetime productivity measures (LTTP, LTAP).  Therefore, any 

potential increase in BW associated with low RFI heifers was no longer apparent at 

weaning.  

The current study suggests that RFI is not correlated to lifetime productivity traits 

in cows when examined across nine parities, and selection for low RFI replacement 

heifers will not negatively impact productivity in a beef herd.  These results are 

consistent with previous reports (Basarab et al., 2007), who found no differences in 
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production efficiency, biological efficiency and economic efficiency over a three-year 

study between RFI groups.  Increased longevity of the current study increases the 

accuracy of this relationship.  Therefore, low RFI cows may consume less feed and/or 

have the same body condition score (Basarab et al., 2007; Hafla et al., 2013) and produce 

calves of comparable weaning weight, thus improving the profitability of a cow-calf 

operation.  

 

4.6 Conclusions 

In summary, RFI did not have a significant effect on the fertility and productivity 

of beef heifers from three different locations across western Canada.  Traits used to 

quantify the relationship were selected because they are typical measures of efficiency in 

beef cattle production.  In addition, to the author’s knowledge, this is the first time that 

RFI has been related to MPPA for birth weight and weaning weight.  Most probable 

producing ability has a particular importance to commercial producers, as it combines 

environmental and performance data to estimate future reproductive performance per 

animal (Bourdon, 2000).  This large data set, which contains nine test years and three 

locations, increases our confidence in RFI as a useful tool in selecting for feed efficient 

animals with no impact on fertility or lifetime productivity.     
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5.1 Abstract 

 

 Feed efficiency within the beef cattle industry has become increasingly important 

for economic sustainability, due to increased costs of production.  Improved efficiency 

may be achieved through selection for residual feed intake (RFI), the difference between 

an animal’s actual feed intake and its expected feed requirements for maintenance and 

growth (Basarab et al. 2005).  However, selection for improved RFI must not 

compromise other economically important traits such as reproductive efficiency.   

Further, if replacement females are selected for low RFI, it is important to understand 

impacts on feed efficiency and lifetime productivity as a mature cow. 

 The objectives of this study were to examine the relationship between heifer RFI 

and subsequent RFI and lifetime reproductive efficiency as mature cows, including the 

relationship between heifer RFI and cow RFI ranking.  These studies were carried out in 

heifers/cows at Lacombe, Alberta, Canada (n=125, 2011-2013) and Kinsella Research 

Ranch, Alberta, Canada (n=42, 2013).  Heifers were initially tested for RFI at 10 months 

of age and re-tested as mature cows, with age and parity ranging from 3-7 years and 1-6, 

respectively.  Most probable producing ability for birth weight (MPPAbw) and weaning 

weight (MPPAww) were calculated as measures of cow productivity.  Lifetime average 

productivity (LTAP) was calculated for each animal in the herd, based on average 

weaning weights produced from all parities (kg) and adjusted for year differences to 

examine the correlations between two independent measures, heifer RFI and cow RFI.   

 No significant regression relationship or phenotypic correlation was found 

between heifer and cow RFI, indicating that individual animal feed efficiency differed as 
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the calves developed from growing heifers to mature cows.  Further, LTAP was 

negatively correlated with heifer RFI (r = -0.14, P = 0.04), suggesting that low RFI 

animals were more productive as measured by average kg of weaned calf produced per 

cow exposed to breeding.  

 

Keywords:  Residual feed intake, MPPA, lifetime productivity, beef heifers and cows 
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5.2 Introduction 

In western Canada, feed costs have a major impact on the profitability of beef 

production since 63% of the total cost of production for a cow-calf operation is associated 

with feed and bedding (36%), and pasture (27%) costs (Larson, 2010).  As 65-75% of 

total feed energy is used for maintenance in cattle (Ferrell and Jenkins 1985), increasing 

feed efficiency within the herd is economically beneficial for the operation.  Residual 

feed intake (RFI) is independent of body weight and average daily gain (Basarab et al., 

2005) in contrast to other measures, such as feed to gain ratio, which have been 

previously used to measure feed efficiency.  Low RFI heifers eat less than high RFI 

heifers for the same level of growth and body size or weight (Archer et al. 1997; Basarab 

et al. 2003; Nkrumah et al. 2007).  Typically, replacement females are tested for feed 

efficiency as postweaning animals, before breeding.   If RFI is to be adopted as a 

selection tool for replacement heifers, it is essential to not only understand the 

repeatability of RFI measured in heifers and again in mature cows but also to understand 

the relationship between feed efficiency and lifetime productivity.    

Durunna et al. (2011a) examined the potential for re-ranking in 190 replacement 

heifers fed the same diet (90% barley silage and 10% rolled barley grain) and ranked for 

low, medium, or high RFI over two consecutive periods in a three-year study.  These 

authors found that approximately 49% of the heifers maintained the same RFI class, 

whereas 51% of the heifers had a different RFI class in period 2.  They suggested that 

RFI re-ranking does exist among cattle, even when offered the same diet and may be due 

to differences in age (maturity) and physiological status between the two test periods.  A 
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certain amount of re-ranking is expected in any trait that has errors in measurements, 

imperfect repeatability and has been measured over a range of physiological statuses.   

In addition, several other studies have been conducted to evaluate the relationship 

between RFI in heifers and later in the same animal as non-pregnant, gestating, or 

lactating mature cows (Archer et al. 2002; Basarab et al. 2007; Black et al. 2013; Halfa et 

al. 2013).  Although previous studies found weak to moderate correlations (r = 0.14 to 

0.40) between RFI when measured in heifers and when measured again as cows, no 

strong phenotypic relationships were observed, indicating that differences in age, 

physiological status and/or performance traits later in life can impact RFI re-ranking.  

These observations have led to the speculation that RFI as a heifer is a different trait than 

RFI as a mature cow.  To date, the relationship between heifer RFI and mature cow RFI 

is not conclusive.   This study is unique in that was conducted over multiple parities at 

two different locations resulting in a large data set. 

The purpose of this study was to examine the relationship between heifer RFI and 

mature cow DMI and RFI, and the relationship between RFI and lifetime productivity in 

both classes of cattle.   

 

5.3 Materials and Methods 

 

5.3.1 Animal management  

 

The study was conducted in a British cross (Angus x Hereford), and Continental-

British cross (Charolais-Maine Anjou x Red Angus) heifers located at the Lacombe 

Research and Development Centre, Alberta, Canada (n = 125, 2011-2013) and Kinsella 
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Composite cattle located at the Roy Berg Kinsella Research Station, Kinsella, Alberta, 

Canada (n = 42, 2013), respectively. 

Heifers were born from March to mid-May and vaccinated with Bovishield Gold 

FP5 VL5 (Pfizer Animal Health, Pfizer Canada Inc., Kirkland, Québec, Canada), One 

Shot Ultra (Pfizer Animal Health), and Ultrabac 7/Somnubac (Pfizer Animal Health) at 2 

months of age.  Six weeks before weaning, heifers received booster vaccinations and an 

Ivomec parasiticide (Merial, Baie d’Urfe, Canada) was applied.  Heifers were weaned in 

October of each year and were selected as herd replacements based on body weight, size, 

and temperament, as well as udder conformation and lifetime productivity of the dam.  At 

weaning, all calves were weighed and tagged with a half-duplex radio frequency 

transponder button (Allflex USA Inc., Dallas/Fort Worth Airport, TX) in the right ear.  

Pens were equipped with 16 GrowSafe ® (GrowSafe Systems Ltd., Airdrie, AB) 

feeding stations for the automatic monitoring of individual animal feed intake and 

feeding behaviour, including daily feeding event frequency (events·d
−1

), duration 

(min·d
−1

), and head-down time (min·d
−1

).  The GrowSafe ® feeding stations and concrete 

apron were covered by an open-sided wooden roof that prevented precipitation from 

entering the feeding stations. Heifers were fed ad libitum twice daily a diet consisting of 

90% barley silage plus 10% rolled barley grain diet, which reflects industry standards for 

replacement heifer with targeted gains of 0.75 to 0.9 kg/d.  Heifers had free choice access 

to fresh water, salt and a mineral plus vitamins premix (Feed-Rite Rite-Mins Beef Cow 

Calving Plus Mineral, Feed Rite, A Division of Ridley Inc., 34 Terracon Place, 

Winnipeg, MB, Canada R2J 4G7). Wood chips and shavings were used as bedding as 

required. 
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A 28-35 d adaption period was followed by a 68-107 d RFI test.  All heifers were 

weighed on two consecutive days at the start and end of the test period, and at 

approximately 28-d intervals throughout the test.  Backfat thickness (mm) was measured 

at the start and end of the test period using an Aloka 500V diagnostic real-time 

ultrasound with a 17-cm 3.5 Mhz linear array transducer (Overseas Monitor Corporation 

Ltd., Richmond, BC) by a certified ultrasound technician as described by Brethour 

(1992).   

Following the RFI test period, heifers at Lacombe were moved to a meadow-

brome grass (Bromus riparius Rehm.) alfalfa (Medicago sativa L.) pasture in May and 

exposed to natural service (15:1 heifer to bull ratio) over a 37-day breeding season.  

Kinsella heifers were exposed to a natural service over a 44-day breeding season, while 

grazing a brome grass pasture.  Transrectal ultrasonography (Aloka SSD 500 attached to 

a 7.5 MHz linear-array transducer) was used to determine pregnancy status one month 

following the end of breeding at both locations.  Heifers were kept as herd replacements 

based on pregnancy status (open or pregnant) and temperament.  Calving data was 

recorded for each heifer, including date, birth weight, calving ease, birth type (single or 

twin), calf condition (born alive; dead at birth; died before or after 2 mo of age; died after 

weaning; aborted; calf died, grafted different calf onto cow), and weaning weight at each 

location from 2005-2014.  

From 2012-2014, 167 cows (2rd-5th parity) previously tested for RFI as heifers, 

were re-tested as cows with ages ranging from 3 – 7 years.  Cows were fed a cubed 

forage diet comparable to that fed to cows in the second trimester of pregnancy (Table 1), 

targeted to maintain or achieve a body condition score (BCS) (2.5 to 3.0) during the 79-
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84 d test period (NRC, 2006).  In 2011, a restricted diet was used for days 31-79, as cows 

were consuming 30% more cubes than needed, leading to increased BCS.  This 

restriction led to competition at the feed bunks.  In 2012-2013, animals were allocated 

into pens based on weight to reduce competition at the feed bunks.  Cows were measured 

for back fat thickness and rump fat thickness at the beginning and end of test using an 

Aloka 500V diagnostic real-time ultrasound with a 17-cm 3.5 MHz linear array 

transducer (Overseas Monitor Corporation Ltd., Richmond, BC).   

All animals were cared for according to the guidelines of the Canadian Council on 

Animal Care (1993).  

 

5.3.2 Sample collection and analysis  

 Feed samples of the total mixed ration were collected weekly, pooled monthly 

and analyzed for dry matter (DM), calcium, phosphorus, crude protein (CP), neutral 

detergent fibre (NDF) and acid detergent fibre (ADF).  Dry matter was determined by 

drying diet samples at 100
o
C in a forced-air oven to a constant weight.  Calcium (AOAC 

Official Method 927.02) and phosphorus (AOAC Official Method 946.06) were analyzed 

using AOAC methods (AOAC 1996).  Crude protein was calculated as 6.25 x N (AOAC 

1996, Official Method 973.03). Diet content of ADF and NDF were determined by the 

procedure of Van Soest et al. (1991).  Summaries of the diet used per year and location 

are included in Appendix I.    
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Table 7. Composition of diet fed to cows during the RFI test period at two locations 

from 2012-2014. 

   
  Lacombe    

 
Kinsella 

   
2011-12 2012-2013 2013-2014 

 
2013-2014 

Ingredient composition (% as fed basis)  
     Hay 

  
70 70 70 

 
70 

Straw 
  

30 30 30 
 

30 

        
Nutrient composition (DM basis) 

     Dry matter (%)  
 

89.44 86.69 88.21 
 

89.1 
Acid detergent fibre (%)  42.6 43.4 39.8 

 
40.8 

Total digestible nutrients (%)  57.7 57.1 59.7 
 

58.9 
Metabolizable energy (MJ/kg) 8.73 8.67 9.03 

 
8.91 

Crude protein (%) 
 

8.5 8.8 11.3 
 

11.7 
Calcium (%) 

 
2.49 2.3 2.35 

 
2.38 

Phosphorus (%)   0.12 0.14 0.16   0.17 
 

 

 

 

5.3.3 RFI Calculations  

Heifer RFI was calculated as the difference between standardized dry matter 

intake (SDMI) and expected feed intake (EFI). Daily feed intake recorded from the 

GrowSafe ® system, was multiplied by the dry matter percentage to derive a daily dry 

matter intake, and then multiplied by the metabolizable energy content of the ration, and 

divided by 10 to standardize intake to an energy density of 10 MJ ME kg d
-1

 DM. The 

daily feed intake value was then converted back to an as-fed value for an actual SDMI 

value.  Standardized DMI (SDMI) for each animal within a contemporary group each 

year was regressed on average daily gain (ADG) and metabolic mid-weight (MIDWT) to 

estimate EFI1 using PROC GLM (SAS Institute, Inc. 2009), using the following model: 
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Yi=b0 + b1ADGi+ b2 MIDWT
0.75

i + ei, 

where Yi is the SDMI for animal i, b0 is the regression intercept, b1 is the partial 

regression coefficient of SDMI on ADG, b2 is the partial regression coefficient of SDMI 

on MIDWT, and ei is the random error term.  

A second and third model were developed to adjust RFI for off-test back fat 

thickness (RFIfat), and off-test back fat thickness and average feeding event frequency 

during the test (RFIfat&activity).  Heifer RFI values are summarized in Manuscript I (Table 

1a, 1b).  Cow RFI, RFIfat, and RFIfat&activity were calculated using the same model and are 

summarized in Table 2.  

 

5.3.4 Determination of repeatability for birth weight and weaning weight  

Multiple calving data from each cow from Lacombe, as described in Table 4 in 

Manuscript I, was analyzed using PROC MIXED (SAS Institute, Inc. 2009) with the 

following model: 

 

Yijkl= μ + Yeari + b1Cowageijkl + b2Cowageijkl
2
+ Sj + Cowk + eijkl, 

 

where Yijkl is the individual animal observation for either birth weight (BW) or weaning 

weight (WW) of the lth calf born to the kth cow of the jth sex and born in the ith year, 

Yeari is the effect of the ith calving year, Cowageijkl is age of cow at calving, b1 and b2 are 

regression coefficients for linear and quadratic effects of Cowage on calf weight traits,  S j 

is the effect of calf gender, Cowk is the effect of the kth cow and eijkl is the deviation due 

to the ijklth calf.  The model for weaning weight did not include an adjustment for calf 
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age, therefore weaning weight differences among calves included differences in birth date 

and thus differences in conception dates of their dams.  Cow and error effects were 

considered random effects while all other terms were considered fixed.   

Repeatability (r) for birth weight was calculated using cow variance (    
 ) and 

error variance (  
 ) components, which were produced from the mixed model analysis of 

the data described above. In our data for birth weight and weaning weight, the variance 

components and the repeatability values were as follows: 

    
    

 

    
    

 
 

    

          
      

 and  

    
    

 

    
    

 
 

   

       
      

For a cow (k) with n calf birth weight records, each adjusted for sex, age of cow and 

contemporary group, and expressed as an average, the        
 for that cow is defined 

as: 

       
 

    
          

[                                               ] 

The same definition applies to the calculation of MPPAww. For Lacombe heifers with 

multiple parities, these MPPA values were calculated directly by the mixed model 

procedure described above and produced as: 

       
    ̂  

Where    ̂ is the BLUP value produced from the mixed model analysis. The MPPAww 

value for cows was produced from the mixed model analysis of the weaning weight data. 
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5.3.5 Calculation of MPPA  

Most probable producing ability (MPPA), which is a prediction of the 

performance of future calves from a given cow and includes both cow maternal and direct 

genetic effects, as well as permanent environmental effects, was calculated for each 

heifer kept as a herd replacement (Bourdon, 2000).  Data was analyzed using PROC 

MIXED (SAS Institute, Inc. 2009), with the following model: 

Yijk= μ + Yeari + Sj + eijk, 

where Yij is the individual animal observation for either birth weight (BW) or weaning 

weight  of the kth calf of the jth sex and born in the ith year, Yeari is the effect of the ith 

calving year,  Sj is the effect of calf gender and eijkl is the deviation due to the ijk’th calf. 

MPPA from heifers with a single calf at both locations was calculated using the 

repeatability value derived above, assuming the repeatability results for Lacombe cows 

applies to the other locations: 

       
           

       
           

 

  PROC MIXED (SAS Institute, Inc. 2009) was used to produce BLUP estimates of 

MPPA for either birth or weaning weight, produced as estimates of Cowk effects from 

animals at Lacombe with multiple parities (Table 2).  Each year, new replacement heifers 

were introduced into the herd, as is the case in commercial beef operations in western 

Canada.  Breed of animal was not included in any of the final models as it was not a 

significant effect.  
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An additional measure of cow productivity, lifetime average productivity (LTAP), 

was calculated for each cow over all parities as the average kg calf weaned per cow 

exposed to breeding per year.   

 

5.3.6 Testing effects of RFI on productivity    

The relationship between heifer RFI and cow DMI was determined using PROC 

REG (SAS Institute, Inc. 2009) with heifer RFI, MIDWT, ADG, and backfat as 

covariates in the model.  The relationship between heifer RFI and cow RFI was 

determined using PROC REG (SAS Institute, Inc. 2009). 

Partial correlations among heifer and cow feed efficiency (RFI, RFIfat and RFIfat and 

activity) and cow productivity (MPPAbw, MPPAww and LTAP) were calculated using PROC 

GLM (SAS Institute, Inc. 2009) MANOVA procedure, adjusted for season, site and cow 

age differences. 

 

5.4 Results 

 

Average daily gain, cow DMI, off-test backfat thickness, feeding behaviour, and 

RFI in each year and location are presented in Table 8.  Low ADG and DMI were 

observed in 2011 relative to other years, which could be due to a large initial feed 

restriction in that test year.  

Regardless of location and year, heifer RFI did not have a significant (P = 0.36) 

effect on cow DMI.  Further, there was no significant relationship (R
2 
= 0.0063) between 

heifer RFI and cow RFI, as depicted in Figure 3.  Partial correlations between HeiferRFI, 



 

 

68 

HeiferRFIfat, HeiferRFIfat&activity, and CowRFI, CowRFIfat, CowRFIfat&activity are given in 

Table 9.  A small, but positive correlation (r= 0.16, P<0.10) was observed between 

HeiferRFI and CowRFIfat, but did not remain significant when CowRFI was adjusted for 

fat and feeding activity (CowRFIfat&activity).   

Table 9 also shows the relationships of heifer and cow RFI with MPPAbw, 

MPPAww, and LTAP.  A significant negative correlation was observed between 

HeiferRFI and MPPAww (r= -0.21, P<0.05) and LTAP (r= -0.14, P<0.05), which is 

depicted in Figure 4 (R
2
=0.02).  Negative correlations with MPPAww and LTAP were 

also observed for HeiferRFIfat, however correlations between MPPAww and 

HeiferRFIfat&activity were not significant.  No significant correlations were found between 

CowRFI, CowRFIfat, CowRFIfat&activity and MPPAbw, MPPAww, or LTAP.  The 

relationship between CowRFI and LTAP is depicted in Figure 5 (R
2
= 0.06).    
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Table 8. Means and standard deviations for performance and feeding behaviour traits in beef cows at 

Lacombe (2011-2013) and Kinsella (2013)  

   Lacombe   Kinsella 

  2011 2012 2013   2013 

Number of cows 40 44 41 

 

42 

Mean age at start of test (y) 3.98 4.85 5.18 

 

2.54 

Length of feed intake test (d) 79 80 84 

 

84 

            

      On test period 

     

      ADG (kg d
-1

) 0.10 (0.28) 0.63 (0.29) 0.47 (0.24) 

 

0.58 (0.22) 

Cow DMI (kg DM d
-1

) 11.93 (2.29) 13.39 (2.58) 12.71 (2.49) 

 

14.27 (1.31) 

Metabolic mid-weight (kg)  140.21 (10.37) 135.70 (8.02) 138.15 (9.58) 

 

110.21 (6.49) 

Feeding event duration (min 
-1

) 147.70 (48.29) 80.80 (36.20) 82.96 (35.64) 

 

171.67 (48.56) 

Feeding event head-down (min d
-1

) 86.82 (35.86) 49.39 (23.79) 54.1 (26.74) 

 

102.65 (36.77) 

Feeding event frequency (events d
-1

) 96.88 (21.90) 83.92 (26.38) 79.38 (22.46) 

 

109.30 (26.30) 

Cow RFI (kg DM d
-1

) 0 (1.53) 0 (1.48) 0 (1.45) 

 

0 (0.95) 

Cow RFIfat (kg DM d
-1

) 0 (1.47) 0 (1.32) 0 (1.33) 

 

0 (0.94) 

Cow RFIfat&activity (kg DM d
-1

) 0 (0.82) 0 (0.75) 0 (0.72)   0 (0.59) 
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Figure 3.  Relationship of cow RFI (kg DM d
-1

) vs. heifer RFI (kg DM d
-1

).  Cow RFI = -0.0896 + 0.0263(heifer RFI), 

RMSE = 1.18, R
2 

= 0.0063

C
o
w

 R
F

I 
(k

g
 D

M
 d

-1
) 

4.0 

3.0 

2.0 

1.0 

0.0 

 -1.0 

 -2.0 

 -3.0 



 

 

71 

Table 9. Phenotypic partial correlations between HeiferRFI, CowRFI, MPPA for birth and weaning weight, and lifetime average 

productivity 

DF = 140 
Heifer 

RFIfat 

Heifer 

RFIfat&activity 

Cow 

RFI Cow RFIfat 

Cow 

RFIfat&activity MPPAbw MPPAww LTAP 

Heifer RFI 0.98** 0.79** 0.11 0.16* 0.09 -0.12 -0.21** -0.14** 

Heifer RFIfat   
0.82** 0.12 0.16* 0.10 -0.11 -0.23** -0.16** 

Heifer 

RFIfat&activity    
0.04 0.06 0.04 -0.12 -0.14 -0.06 

Cow RFI     
0.92** 0.56** 0.11 0.15* 0.09 

Cow RFIfat      
0.56** 0.01 0.10 0.06 

Cow RFIfat&activity       
-0.03 0.11 0.10 

MPPAbw        
0.35** 0.22** 

MPPAww         
0.83** 

**P < 0.05  *P < 0.10;  
Partial corrections, adjusted for season, locations, and cow age differences 
Heifer RFI: Residual feed intake (RFI) (kg DM d

-1
) measured as a replacement heifer; 

Heifer RFIfat:  RFI adjusted for backfat thickness; 

Heifer RFIfat&activity:  RFI adjusted for backfat and feeding activity; 

Cow RFI: Residual feed intake (kg DM d-1) measured as a mature cow; 

Cow RFIfat: CowRFI adjusted for backfat thickness; 

Cow RFIfat&activity: CowRFI adjusted for backfat and feeding activity; 
MPPAbw: Most probable producing ability (MPPA) for birth weight (kg); 

MPPAww: MPPA for weaning weight (kg); 

LTAP: Lifetime calf weaning weight average of all animals in the herd (kg of calf weaned per cow bred per year); 
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       Figure 4.  Relationship between lifetime average productivity (LTAP; (kg of calf weaned per cow bred per year) and 

heifer RFI (kg DM d
-1

).  LTAP = -31E-15   – 9.0357 (heifer RFI), RMSE = 29.19, R
2
 = 0.02 
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Cow RFI (kg DM d
-1

) 

Figure 5. Relationship between lifetime average productivity (LTAP; kg of calf weaned per cow bred per year)  and 

cow RFI (kg DM d 
-1

).  LTAP = -34 E -16 + 3.0874 (cow RFI), SEM = 30.34, R
2
 = 0.061
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5.5 Discussion 

 

Performance data during the cow RFI test period was consistent throughout each 

location and year of test, except for decreased DMI and ADG in 2011, which may be 

attributed to restricted DMI resulting in excessive competition at the bunks.  

Heifer RFI had no effect on Cow DMI, suggesting that heifers selected as feed 

efficient, low RFI animals will not necessarily have lower DMI as mature cows.  A non-

significant relationship between Heifer RFI and Cow RFI may be attributed to differences 

in maturity, physiological state, or environment including nutrient restriction associated 

with excess competition at the bunk or extreme cold.  Herd et al. (2006) found that RFI as 

a mature cow was correlated with RFI as a post weaning heifer (r=0.39; P<0.01), when 

fed ad-libitum. These authors suggested postweaning heifers with low RFI are likely to 

be feed efficient mature cows when fed ad-libitum, but suggest under conditions of 

restricted feed availability, an interaction with level of nutrition and genetic potential for 

feed efficiency may impact the relationship between heifer RFI and cow RFI.   Energy 

restriction could lead to insufficient nutrients to support maintenance, lactation, and 

reproductive functions (Cheeke, 2005). Though the feed restriction in this study, which 

occurred during the first year of test, was at a level to maintain an adequate BCS for 

reproductive performance, it may not have allowed for a true expression of feed 

utilization.  

Small positive correlations (r = 0.16, P<0.10) were observed between heifer RFI 

and cow RFIfat and heifer RFIfat and cow RFIfat, but not between Heifer RFIfat&activity and 

Cow RFIfat, as feed intake testing at various stages of puberty favors later maturing 

animals.  Significant correlation between heifer RFI and cow RFI has been observed in 
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previous studies.  Basarab et al. (2007) found a significant correlation between heifer RFI 

and cow RFI (r = 0.30, P = 0.025) measured in yearling heifers and mature cows during 

mid-gestation, with ages ranging from 3.5 to 10.7 years.  Halfa et al. (2013) also found a 

significant correlation (r = 0.42, P<0.05) between heifer RFI and RFI as first/second 

parity pregnant females.  Conversely, Bradbury et al. (2011) found a negative correlation 

(r = -0.24, P = 0.03) between RFI in the postweaning phase and early gestation in cows, 

while Black et al. (2013) found no significant correlation (r = 0.13, P > 0.05) between 

RFI as heifers subsequently as 3-yr-old lactating beef cows.    In summary, observed 

discrepancies between studies regarding the relationship between heifer and cow RFI 

may be attributed to differences in test conditions including age at test (postweaning and 

mature), diet, physiological state (eg. growing heifer, mature cow in second trimester of 

pregnancy, mature cow lactating), animal performance, or other environmental 

influences, including extremes outdoor ambient temperatures, that impact nutrient 

requirements and utilization. 

Different physiological states of mammals lead to differences in nutrient 

partitioning that need to be accounted for when calculating RFI.  A growing animal, for 

example, will use most of its nutrients for growth and maintenance, while a mature cow 

will mobilize nutrients for a variety of functions, such as lactation or conceptus growth 

when pregnant (Cheeke, 2005).    Black et al. (2013) indicated that to quantify variation 

in DMI, models used to compute mature cow RFI should be corrected for the energy uses 

(fat deposition and mobilization, gestation, lactation) during the RFI test.  Also, the 

remaining variation for both heifer and cow RFI is currently unknown and could be due 

to complex cellular and metabolic processes that have yet to be identified (Herd and 
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Arthur, 2009; Moore et al., 2009). To better determine an efficient mature cow, factors 

such as milk production, would have to be included and this could lead to high RFI test 

costs.  Including all these test variables may not be economically viable for improving 

RFI, as the initial testing costs for each animal would be higher and possibly negate any 

savings on feed costs from an efficient animal.  Also, including lactation measurements 

in an RFI test period may be viable in a dairy production system where milk production is 

measured regularly, but is not be feasible in a beef cattle cow-calf production system.  

However, Nieuwhof et al. (1992) found a low phenotypic correlation (r = 0.07) between 

RFI measured as a growing dairy heifer and again as a lactating 1st-calf cow fed a similar 

diet.   

Cow RFI is likely a different trait than postweaning heifer RFI, though 

phenotypic and genetic correlations between these two traits are low to moderate (Arthur 

et al. 1999; Archer, et al. 2002; Herd et al. 2006; Black et al. 2013; Halfa et al. 2013) 

suggesting that selection for low RFI in heifers should translate to some level of feed 

efficiency in the cow with no decrease in LTAP.  

Lifetime average productivity was negatively correlated with heifer RFI, 

suggesting that females identified as low RFI as heifers weaned heavier calves 

throughout their lifetime than high RFI heifers.  These results are contrary to those 

obtained using the whole herd (Manuscript I), which found no significant correlations 

between RFI and LTAP.  In the current study, this correlation did not remain significant 

when heifer RFI was adjusted for backfat and feeding activity (HeiferRFI fat&acvtivity), 

indicating that feeding behaviours and temperament may be part of the many biological 

mechanisms explaining RFI (Richardson et al. 1999; Herd and Arthur, 2009).  No 
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significant correlations were found between CowRFI and LTAP, suggesting that 

selection for low CowRFI has no affect on production.  Similarly, Basarab et al. (2007) 

found no differences in productivity traits (production efficiency; biological efficiency; 

Ellerlie Index) between dams that produced low, medium, and high RFI progeny. Arthur 

et al. (2005) demonstrated that 1 to 2.5 generations of selection for low and high RFI and 

produced calves with similar birth weight, pre-weaning ADG, 220-d weight, milk yield, 

and weight of calf weaned per cow exposed to breeding.  These studies clearly 

demonstrated that selection for feed efficient animals will have no detrimental effects on 

performance in a cow-calf production system.  Low RFI heifers and cows will consume 

less feed and produce similar kg of beef, thus improving the profitability of a cow-calf 

operation.  

 

5.6 Conclusions 

Results from the current study add to an existing body of evidence, to suggest that 

heifer RFI is not be strongly correlated to cow RFI, but may result in improved fat 

deposition and/or improved kg calf weaned per cow exposed to breeding.  The size of the 

data set, and separate locations also strengthen this conclusion.  The restricted diet in the 

current study also builds on conclusions by Herd et al., (2006) indicating that animals 

should be fed ad libitum when testing for RFI at different stages of maturity.  Heifer RFI 

may be a uniquely distinct trait from cow RFI, which may have implications when used 

in a selection index. Observed differences within animal feed efficiency studies (Archer 

et al. 2002; Basarab et al. 2007; Black et al. 2013; Halfa et al. 2013) suggest that this trait 

may be impacted by physiological status of the animal at the time of test.  However, 
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negative correlations were not observed between heifer RFI, cow RFI, and production 

traits MPPAbw, MPPAww, and LTAP.  Selection decisions based on heifer RFI will have 

no negative effects on cow lifetime productivity and young heifers with superior feed 

efficiency should decrease feed costs for the producer while maintaining or slightly 

improving lifetime productivity. 
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6. GENERAL DISCUSSION 

 

6.1 RFI, fertility, reproductive performance, and lifetime productivity 

Residual feed intake is used as a tool to decrease feed costs and improve 

production efficiency without increasing mature cow size, as it is independent of body 

weight and average daily gain (Basarab, et al. 2011).  However, RFI may not be adopted 

as a selection tool if inclusion impacts other economically important traits such as female 

reproductive capacity.  In order to be fully adopted within the industry, potential impact 

on fertility (pregnancy rate, age at first calving), productivity, as well as the relationship 

between heifer and mature cow RFI must be evaluated over multiple breeding seasons 

and locations. 

Therefore, the current work, conducted over nine parities and three locations 

examined: i) the relationship between RFI and first parity fertility and productivity as 

measured by pregnancy rate and calf productivity traits; ii) a useful measure to assess 

lifetime productivity and evaluate its relationship with RFI; and iii) the relationship 

between heifer RFI and their RFI and lifetime reproductive efficiency as mature cows 

with multiple parities, ranging from 3-9, at two different locations (Lacombe, Alberta; 

Kinsella, Alberta).  

Manuscript I supports our initial hypothesis that heifers tested for postweaning 

RFI, and selected as replacement animals within a cow-calf herd based on superior feed 

efficiency will have comparable reproductive performance to animals with inferior feed 

efficiency.  No significant correlations were found between RFI and pregnancy rate or 
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age at first calving.  The large data set from which these conclusions were drawn 

increases our confidence in the outcomes of this work.  It was also conducted under 

similar conditions to industry practices in western Canada. This is particularly important 

for the implementation of RFI as a feed efficiency tool in the industry.  For producers to 

adopt RFI as a selection tool, it must prove effective in conditions similar to their own 

production practices.  The extreme temperatures that can arise across western Canada can 

lead to challenges regarding performance in cattle, so RFI must prove effective as a feed 

efficiency tool that does not affect reproduction in this environment.  Previous studies 

(Arthur et al. 2005 and Basarab et al. 2011) found that low RFI heifers had a lower 

conception rate and tended to calve later in the breeding season.  However, these studies 

were based on smaller data sets with fewer parities.  Further, previous studies have 

demonstrated that pregnancy rate between low and high ranked RFI heifers does not 

differ (Basarab et al., 2011) when RFI was adjusted for backfat and feeding activity to 

account for differences in energy expenditure associated with puberty.  Similarly, we 

found no adverse affects of RFI, RFIfat and RFIfat&activity on conception/pregnancy rate.  

Most probable producing ability (MPPA) for birth weight and weaning weight 

was calculated and used to make comparisons across years and locations (Bourdon, 

2000).  A small negative correlation between RFI and MPPAbw was observed in the first 

parity heifers from Lacombe, Kinsella, and Brandon in Manuscript I and in all parities 

from Lacombe.  These small negative correlations between RFI and MPPAbw suggest that 

efficient, low RFI, heifers will give birth to a heavier calf.  Increased birth weight may 

raise concerns regarding increased calving difficulty.  However, the small correlation 

value and lack of significance found between calving difficulty and RFI (P > 0.10) 
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mitigate this concern.  In fact, it could be speculated that feed efficient heifers produce a 

healthier calf, as a greater efficiency of nutrient utilization could mean a better uterine 

environment that has more nutrients available for the growing fetus (Hill, 2012).  No 

correlations were observed in the current study between calf survival and RFI, but this 

warrants further investigation.  To the authors’ knowledge, the published literature 

examining correlations between RFI with calving difficulty and survival is limited 

(Crowley et al, 2011).   Any advantage that low RFI heifers had with an increase in calf 

birth weight was no longer apparent at weaning. Our data showed no significant 

correlations between RFI and weaning weight of first calf or MPPAww. This relationship 

was similar over multiple parities, as no correlations were observed between RFI and 

lifetime productivity (LTAP, LTTP).  These findings provide further evidence that 

selection for feed efficient, low RFI replacement females will not compromise 

reproductive capacity. 

In Manuscript II, lifetime average productivity (LTAP) was negatively correlated 

with HeiferRFI, suggesting that low RFI (efficient) animals weaned heavier calves than 

high RFI (inefficient) animals. These results are contrary to those obtained in 

(Manuscript I), which found no significant correlations between RFI and LTAP.  

Differences may be attributed to length of time in the herd, as animals in Manuscript II 

have been in the herd for longer than one parity.  Therefore, the data set does not include 

those cows that were culled for being open and therefore have no associated weaning 

weight, as is the case in Manuscript 1.  This correlation did not remain significant when 

HeiferRFI was adjusted for backfat and feeding activity (HeiferRFIfat&acvtivity).  Further, 
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no significant correlations were found between cow RFI and LTAP, suggesting that 

selection for low cow RFI had no affect on the average weaning weight of all parities.  

The current study supports previous research suggesting that RFI rank does not 

impact subsequent reproductive performance (Arthur et al. 2005, Basarab et al. 2007).  It 

also suggests that selection for low cow RFI will have no effect on reproductive 

performance and lifetime productivity.  The data presented in Manuscripts 1 and 2, along 

with that in the published literature increases our confidence that RFI can be used as a 

selection tool in replacement heifers.  

  

6.2 Factors which influence relationship between heifer RFI and cow RFI 

 In Manuscript II, no significant relationship was found between HeiferRFI and 

CowRFI.  Small positive correlations (r = 0.16, P<0.10) were observed between 

HeiferRFI and CowRFIfat and HeiferRFIfat and CowRFIfat.  The current study also found 

that RFI rank had no effect on the DMI of the mature cow but may have affected 

birthweight, weaning weight and potentially fat reserves.  Previous studies have found 

positive (Arthur et al. 1999; Archer, et al. 2002; Herd et al. 2006; Black et al. 2013; Halfa 

et al. 2013) and negative (Bradbury et al., 2011) phenotypic relationships between RFI of 

growing cattle and again as mature cows.  Collectively, the results have shown a small 

phenotypic correlation between RFI at different physiological states (growing versus 

pregnant or lactating), and suggest that selection for low RFI in young growing heifers 

may not lead to improved feed efficiency in mature pregnant cows, but may increase 

birth and weaning weight and body fat reserves.  Also, observed differences in this 

phenotypic relationship may be due to differences in diet, or nutrient restriction as a 
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consequence of extreme temperatures or competition at the feed bunk which may impact 

nutrient utilization  

These small correlations and low relationships could be due to the complexity of 

nutrient metabolism and partitioning in mature cows.  Feed is not only used for body fat 

and muscle reserves, it is used for lactation and conceptus growth.  In addition, 

differences in feeding strategy between heifers and mature cows may also account for the 

observed differences.  Heifers are typically fed higher energy diets, targeted to achieve 

gains of 0.75- 1.25 kg d
-1

.  Cow diets must meet nutrient requirements associated with all 

stages during an annual production cycle.  Restricted feedings may hinder full expression 

of feed efficiency compared to an ad libitum feeding strategy, as suggested by Herd et al. 

2006.  Guidelines for beef improvement programs also specify an ad libitum feeding to 

avoid data bias (BIF, 2010).  Though feed restriction is uncommon in western Canadian 

production, nutrient restriction or deficit may arise due to feeding of low quality forages 

and cold temperatures.  A survey conducted by Saskatchewan Agriculture suggests that 

95% of forages do not meet nutrient requirements for cows in last trimester of pregnancy 

at  -25ºC (Government of Saskatchewan, 2013).      

Differences in ambient temperature may account for observed lack of correlation 

between heifer and cow RFI.  Western Canadian temperatures can have extreme highs 

and lows, which can affect thermoregulatory patterns of beef cattle, leading to increases 

or decreases in feed intake.  Energy must be partitioned to support various functions such 

as thermoregulation, lactation or conceptus growth.  Thus, the efficient cow must have 

superior nutrient use efficiency, eating less with comparable nutrients available, and able 

to shift nutrients to the conceptus, the mammary gland, as well as deposit in fat and 
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muscle.   Temperature extremes may also mask genetic correlations.  If environmental 

effects are significant enough, then phenotypic expressions of a trait between locations 

may differ (Bourdon, 2000).  Therefore, differences in the relationship between cow and 

heifer RFI reported in the literature (Arthur et al. 1999; Archer, et al. 2002; Herd et al. 

2006; Black et al. 2013; Halfa et al. 2013) may be attributed to environmental effects 

rather than genetic potential.  Archer et al. (2002) reported a very strong genetic 

correlation (0.98) but a much lower phenotypic correlation (0.40) between RFI measured 

in growing heifers and again as 3-yr old non-pregnant, non- lactating cows fed the same 

diet. This suggests that RFI measured in young heifers and mature cows is genetically the 

same trait, but the phenotypic expression may be altered due to physiological state of the 

animal or environment.  Therefore, further investigations are needed to examine the 

repeatability of RFI for the same animal differing in physiological status, which leads to 

differences in nutrient partitioning or energy demand.  Overall, these studies indicate that 

cow RFI should be treated as a different trait than heifer RFI, and that heifer RFI and its 

genetic correlation to lifetime productivity should be used as a selection tool. 

 

6.3 Implications of research for the industry 

With larger data sets containing multiple parities of animals, from numerous 

locations, and under conditions comparable to those experienced in western Canadian 

production environments, we can be more confident in using multi-trait selection in beef 

cattle which incorporates feed efficiency, specifically RFI. Use of RFI as a selection tool 

will allow producers to select traits both on the input side of beef production such as feed 
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costs, and on the output side, such as growth, reproductive performance, and carcass 

characteristics. 

 The current study has shown that incorporating RFI into multi-trait selection 

indices will not affect the output traits important to a cow-calf producer, such as 

pregnancy rate and weaning weight.  Thus heifer RFI adjusted for off test backfat 

thickness can be used as a measure of feed efficiency that will not reduce the lifetime 

productivity of mature cows when tested under conditions similar to industry practices in 

western Canada.  Our research has demonstrated that heifer RFI and cow RFI are not 

strongly correlated, suggesting that several factors including nutrient restriction, 

physiological status and differences in performance of offspring may affect phenotypic 

expression of the trait.  Conversely, heifer RFI and cow RFI may be different traits.  

Further, a multi-trait selection index could include breeding values for heifer RFI and 

cow RFI.  Replacement heifers could be chosen from progeny of low cow RFI animals, 

and then tested for postweaning RFI, creating selection lines that have both low heifer 

RFI and low cow RFI.  Alternatively, selection of replacement heifers could be based on 

their maternal cow RFI, and these females could be bred to bulls chosen for their EBV of 

postweaning RFI.  This is dependent on the heritability of cow RFI and warrants future 

investigation.  Heritability estimates in the literature are from post-weaning heifer RFI, so 

an accurate heritability estimate for cow RFI would be important. Cow RFI could be used 

in the selection of beef sires who have records of progeny with a cow RFI value, similar 

to the strategy used in dairy sire selection.  Many factors are incorporated when selecting 

replacement heifers or young bulls, so this relationship could increase accuracy of 

selection. Having robust data from heifer and cow RFI studies will increase our 
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understanding of the relationship between these traits and allow producers to incorporate 

them into selection indices, leading to enhanced economic and environmental 

sustainability.   

 

6.4 Future research  

It is clear that RFI, whether tested as a young heifer or a mature cow, will not 

affect reproductive performance.  However, lack of correlation between heifer and cow 

RFI suggests a greater understanding may only be achieved though an examination of the 

genetic relationships (Archer, 2002).  It also may be important to incorporate other 

measures in the RFI calculation that may impact nutrient utilization, including 

environmental temperature and physiological status (milk production and conceptus 

weight).  If HeiferRFI and CowRFI are different traits for which EBVs can be developed, 

future research should be conducted to determine the heritability of CowRFI.  

Postweaning RFI has been shown to be moderately (h
2
 = 0.30-0.43) heritable (Herd et al., 

2003).  If CowRFI was found to be similar or greater in terms of heritability, then 

producers could make a more accurate selection for feed efficiency, based on the 

performance of the dam and their associated breeding values (Bourdon, 2000). However, 

this would still lead to high initial testing costs for the industry, such as the capital 

involved for RFI testing equipment.  Therefore, examining ways to determine RFI or feed 

efficiency in a cost- efficient manner, that doesn’t require a full 76-day test period, will 

be a priority moving forward. 
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7. CONCLUSIONS 

 

It can be concluded that RFI is a valuable measure of feed efficiency that does not 

affect output traits, such as fertility, reproductive performance or weaning weight.  

Therefore, producers can make selection decisions for replacement heifers, including RFI 

as a feed efficiency measure.  The current study provides further evidence to support 

previously published literature regarding the relationship between RFI and reproductive 

performance (Arthur et al., 2005; Basarab et al., 2007, 2011; Johnston et al., 2009; 

Shaffer et al., 2011; Donoghue et al. 2011). The large data set comprised of numerous 

studies conducted in a temperate climate with a range of temperatures experienced during 

the test period, strengthens our confidence using RFI as a selection tool without adverse 

effects on reproductive capacity. 

Data presented in Manuscript II suggest that heifer RFI is not strongly correlated 

to cow RFI, which builds on conclusions found in previous studies (Archer et al. 2002; 

Basarab et al. 2007; Black et al. 2013; Halfa et al. 2013). This could be due to differences 

in progeny performance and or differences in diet, ambient temperature or physiological 

state. Nutrient restriction, which may occur during the overwintering period due to 

extremes in temperature or reduced forage quality, may influence the relationship 

between heifer and cow RFI.  Alternatively, heifer RFI may be a uniquely distinct trait 

from cow RFI, which may have implications when used in a selection index. However, 

no adverse affects were found between heifer and cow RFI with reproductive 

productivity measures.  Selection decisions based on heifer RFI or cow RFI will have no 

negative effects on cow lifetime productivity and young heifers selected for superior feed 
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efficiency should decrease feed costs for the producer while maintaining or slightly 

improving lifetime productivity. 
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9. APPENDICES 

 

9.1 Appendix I- Replacement heifer diets 
 

The following table (Table 10) depicts the diets used in each RFI test year, in Lacombe, 

Kinsella, and Brandon.  This diet was formulated to reflect similar replacement heifer 

diets in Western Canada. 
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Table 10. Replacement heifer diet composition for RFI test heifers at Lacombe, Kinsella, and Brandon 

 

                            

   

Lacombe 

 

Kinsella 

 

Brandon 

      2005 2006 2007 2008 2009 2010 2011 2012 2013 

 

2012 2013 

 

2012 2013 

                  Ingredient composition 

(% as fed basis)  

               Barley silage 

 

90 90 90 90 90 90 90 90 90 

 

90 90 

 

90 90 

Steam rolled 

barley  

 

10 10 10 10 10 10 10 10 10 

 

10 10 

 

10 10 

                  Nutrient composition 

(DM basis) 

               Dry matter (%)  

 

40.8 40.8 40.07 42.7 36.5 47.7 40.4 39.03 47.06 

 

52.08 62.81 

 

39.03 47.06 

Acid detergent 

fibre (%)  

 

. . 29.63 29.16 32.82 . . 35.1 32.68 

 

34.1 28.6 

 

35.1 32.68 

Total digestible nutrients 

(%)  . . 65.4 65.88 62.09 . . 62.9 64.61 

 

63.61 67.46 

 

62.9 64.61 

Metabolizable energy 

(MJ/kg) . . 9.87 9.95 9.37 10.09 10.5 9.5 9.76 

 

9.64 10.21 

 

9.5 9.76 

Crude protein 

(%) 

 

. . 12.48 12.3 12.9 . . 10.37 10.35 

 

11.36 11.92 

 

10.4 10.35 

Calcium 

(%) 

  

. . 0.53 0.49 0.72 . . 0.35 0.48 

 

0.46 1.67 

 

0.35 0.48 

Phosphorus (%)   . . 0.29 0.31 0.3 . . 0.31 0.32   0.32 0.39   0.31 0.32 

                 


