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Abstract

Some definitions of feed efficiency such as residual energy intake (REI) and residual gain (RG) may not truly reflect
production efficiency. The energy sinks used in the derivation of the traits include metabolic live-weight; producers
finishing cattle for slaughter are, however, paid on the basis of carcass weight, as opposed to live-weight. The objective of
the present study was to explore alternative definitions of REI and RG which are more reflective of production efficiency,
and quantify their relationship with performance, ultrasound, and carcass traits across multiple breeds and sexes of cattle.
Feed intake and live-weight records were available on 5,172 growing animals, 2,187 of which also had information relating
to carcass traits; all animals were fed a concentrate-based diet representative of a feedlot diet. Animal linear mixed models
were used to estimate (co)variance components. Heritability estimates for all derived REI traits varied from 0.36 (REI_,;

REI using carcass weight and carcass fat as energy sinks) to 0.50 (traditional REI derived with the energy sinks of both live-
weight and ADG). The heritability for the RG traits varied from 0.24 to 0.34. Phenotypic correlations among all definitions

of the REI traits ranged from 0.90 (REI with REI_,,) to 0.99 (traditional REI with REI using metabolic preslaughter live-weight
and ADG). All were different (P < 0.001) from one suggesting reranking of animals when using different definitions of REI to
identify efficient cattle. The derived RG traits were either weakly or not correlated (P > 0.05) with the ultrasound and carcass
traits. Genetic correlations between the REI traits with carcass weight, dressing difference (i.e., live-weight immediately
preslaughter minus carcass weight) and dressing percentage (i.e., carcass weight divided by live-weight immediately
preslaughter) implies that selection on any of the REI traits will increase carcass weight, lower the dressing difference and
increase dressing percentage. Selection on REI, (REI using carcass weight as an energy sink), as opposed to traditional REI,
should increase the carcass weight 2.2 times slower but reduce the dressing difference 4.3 times faster. While traditionally
defined REI is informative from a research perspective, the ability to convert energy into live-weight gain does not
necessarily equate to carcass gain, and as such, traits such as REI_, and REI_,. provide a better description of production
efficiency for feedlot cattle.
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Introduction

Several studies exist on cattle comparing animals and production
systems that differ in their feed efficiency metrics (Arthur et al,,
2001a; Robinson and Oddy, 2004; Durunna et al., 2011), including
studies with reported interanimal genetic differences (for review,
see Berry and Crowley, 2013). Almost all such studies have been
based on growing cattle (Arthur et al., 2001a; Crowley et al., 2010)
and, in the vast majority of cases, these cattle were all purebred
(Arthur et al., 2001b; Bouquet et al., 2010) and were undertaken on
a single animal sex (Schenkel et al., 2004; Kayser and Hill, 2013).
Furthermore, the carcass credentials of the animals on test were
largely unknown, although more recent studies have documented
the associations between efficiency metrics and some carcass
measures (Mao et al., 2013; Torres-Vazquez et al., 2018).

Residual feed intake (RFI) is a popular scientific metric that
attempts to describe interanimal differences in feed efficiency
(Byerly, 1941; Koch et al., 1963). Residual feed intake in cattle
was traditionally defined as the residuals from a multiple linear
regression model, regressing some form of feed intake value on
ADG and metabolic live-weight (Koch et al., 1963; Arthur et al,,
2001a; Crowley et al., 2010). Basarab et al. (2003) subsequently
recommended the inclusion of some measure of body fat in the
multiple regression model in an attempt to ensure the observed
differences in RFI were not simply due to differences in body fat,
and to minimize the effects of selection for low RFI on carcass
leanness in slaughter cattle and later fattening or maturing
in replacement heifers. Savietto et al. (2014) progressed this
recommendation further by stating that the interaction
between body fat measures and both body weight and ADG
should be considered in the model. Producers of the final beef
product, however, are generally paid on the basis of carcass
weight and carcass quality (Polkinghorne and Thompson, 2010).
Therefore, because of the large interanimal variation in dressing
percentage (Coyne et al., 2019), RFI defined using metabolic live-
weight may not necessarily be a good reflection of production
efficiency for producers fattening animals (i.e., feedlot cattle
where concentrate constitutes 80 to 90% of the diet) who would
be more concerned with the carcass weight of the animal rather
than the metabolic live-weight.

The objective of the present study was to modify the
status quo definition of both RFI and residual gain (RG) traits
and to investigate their interrelationships with performance,
ultrasound, and carcass traits in 3 different animal sexes (young
bulls, steers, and heifers) of purebred and crossbred growing
cattle. The novelty of the present study lies in the derivation
of an extensive suite of feed efficiency traits which may have
downstream applications in both management and breeding
strategies to monitor and improve animal production efficiency.

Materials and Methods

The data used in the present study were obtained from a
pre-existing database managed by the Irish Cattle Breeding
Federation (ICBF). Therefore, it was not necessary to obtain
animal care and use committee approval in advance of
conducting this study.

All feed intake, live-weight, carcass, and ultrasound records
originated from animals that were on test for feed intake at
the ICBF Performance Test Station (1992 to 2011, inclusive) and
later the ICBF Gene Ireland Progeny Test Center (2012 to present
day), Tully, Co. Kildare, Ireland. Prior to 2012, the test center
operated as a beef bull performance test center where details
of the bull selection process, center practices, and management

were described in detail by Crowley et al. (2010). In August 2012,
the test center changed function to a progeny test center where
bulls, steers, and heifers were purchased by the ICBF from Irish
commercial producers, tested for feed intake and efficiency
on a high energy concentrate-based diet, and subsequently
slaughtered. No feed intake, live-weight, carcass, or ultrasound
data were available during the transition period between
October 2011 and July 2012.

Pre-2012

Prior to 2012, bulls entered the test station in, on average, 3
different groups annually, hereafter referred to as batches.
There were 2 to 5 bulls per pen, assigned based on breed
and live-weight, and all 40 pens were equipped with a Calan
Broadbent gate system (American Calan, Northwood, NH) for
recording individual bull feed intake. Initially bulls were fed
4.5 to 6 kg of concentrates, which was increased daily by 10%
of the previous day’s allowance until ad libitum feed intake
was reached. The test started once the bulls had entered the
test station and had acclimatized to the facilities and diet;
concentrate intake was recorded on a fresh weight basis once
ad libitum levels of concentrate feeding were reached. To obtain
total weekly concentrate intake, concentrate refusals were
measured 1 d per week and subtracted from the cumulative
concentrate offered over the previous 7 d. A daily allowance
of 1.5 kg fresh weight of hay per bull was provided into the
Calan Broadbent feeder throughout the bull’s residency in the
test station. Access to clean, fresh water was also provided ad
libitum to all bulls. Animals were weighed every 14 d between
1992 and 1995, every 21 d between 1995 and 2005, every 14 d
between 2005 and 2008, and every 21 d between 2008 and 2011.
From September 1992 to September 2011, all hay was assumed
to have a DM of 85% and a metabolizable energy concentration
of 8.6 MJ/kg DM. The concentrates offered to bulls between
September 1992 and September 2002 was assumed to have
DM of 87.5% and a metabolizable energy concentration of 12.1
MJ/kg DM, whereas the concentrates offered to bulls between
October 2002 and September 2011 was assumed to have a DM
of 86% and a metabolizable energy concentration of 14.5 Mj/kg
DM. Daily metabolizable energy intake (MEI) for each bull tested
pre-2012 was defined as the sum of daily hay DMI multiplied
by the hay metabolizable energy concentration plus daily
concentrate DMI multiplied by the concentrate metabolizable
energy concentration.

Post-2011

From August 2012 onwards, all animals within each batch
started their progeny test together and all animals within a
batch were slaughtered within a week of each other at the end
of their test period. Each batch was composed of one sex and
was grouped by birth-date where the maximum range in age
was 4 mo. On arrival at the test station, all cattle were assigned
to pens based on breed and live-weight and then underwent
an acclimatization period of between 21 and 30 d to adapt to
the feeding system and environment. There were 4 to 6 animals
per pen, across a total of 40 pens; 30 pens were equipped with
2 automatic feed stations (RIC Feed-Weigh Trough, Hokofarm
Group BV, Marknesse, The Netherlands) and a further 10 pens
were equipped with a Calan Broadbent gate system. While in
the test station, all animals were weighed, on average, every 7
d between August 2012 and August 2013, every 21 d between
September 2013 and December 2017, and every 7 d in 2018.



Each automatic feed station was mounted on 2 load cell and
had a pneumatic access gate with an infrared sensor on one side
that recorded the presence of an animal. An antenna directly
above the access gate detected the radio frequency identification
(RFID) tag (HDX EID Tag, Allflex Livestock Intelligence, Dallas, TX)
in the animal’s ear to identify the individual animal in the feed
station. A feed event commenced when an animal’s RFID tag
was first detected and ended after interruption of the infrared
sensor ended. All automatic feed stations provided ad libitum
access to feed. Refusals were discarded in all feed stations daily
before feed was refreshed. All steers, heifers, and some bulls
were fed with this system. For every pen in the test center,
access to clean, fresh water was provided ad libitum, with
one water trough shared between 2 adjacent pens. Steers and
heifers were fed a total mixed ration (TMR) with a concentrate,
hay, and water fresh-weight ratio of 2:6:8, and 5:3:9 for days 1 to
7, and days 8 to 12 of the acclimatization period, respectively.
A TMR with a concentrate, hay, and water fresh-weight ratio
of 10:3:9 was fed, for the rest of the acclimatization period and
subsequently throughout the test period, ad libitum once per
day with a paddle mixer wagon. Daily feed intake of each animal
fed through the automatic feed stations was calculated by
summing, per day, the feed consumed in each feed event which
was then averaged across all valid test days.

Young bulls entering the test center from the year 2012
onwards were fed a starting daily allocation of 5 kg fresh
weight of concentrates. During the acclimatization period, the
concentrate allowance of each bull was increased by 0.5 kg
fresh weight per day until ad libitum levels were reached; a
daily fixed rate of 2 kg fresh weight of hay was also fed to each
bull during this period to maintain healthy rumen function.
The recording of feed intake commenced when all animals
reached ad libitum levels of feeding. Young bulls fed through
the automated feed stations during the test period were fed
both concentrates and hay once in the morning, 7 d per week;
an allocation of 2 kg fresh weight per animal of hay was fed in
one of the feed stations in the pen, while concentrates were
fed ad libitum separately in the other feed station in the pen.
Daily feed intake was calculated by summing, per day, the
feed consumed in each feed event which was then averaged
across all valid test days. Young bulls fed during the test period
through the Calan Broadbent system from 2012 onwards were
offered concentrates twice per day, 7 d per week; a fixed daily
rate of 2 kg fresh weight of hay per animal was also provided,
split into 2 feeds, 1 in the morning and 1 in the afternoon, 7
d per week. Concentrate intake was calculated weekly by
recording concentrate refusals of each bull 1 d per week and
subtracting from the cumulative feed offered over the previous
7 d; this sum was subsequently divided by 7 to obtain average
daily concentrate intake within this time period.

From 2012 to 2018, all hay fed was assumed to have a
DM of 85% and a metabolizable energy concentration of
8.6 MJ/kg DM. The concentrates offered to bulls between August
2012 and November 2018 was assumed to have a DM of 86% and
a metabolizable energy concentration of 14.1 Mj/kg DM. Daily MEI
for each bull tested post-2011 was defined as the sum of daily hay
DMI multiplied by the hay metabolizable energy concentration
and daily concentrate DMI multiplied by the concentrate
metabolizable energy concentration. The TMR fed to all steers and
heifers was assumed to have a DM of 51% and a metabolizable
energy concentration of 12.1 MJj/kg DM; daily MEI per animal was
calculated as the animal’s daily total DMI multiplied by the energy
concentration of the TMR. Hay energy values were derived from
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feed tables (Sauvant et al., 2004) and concentrate energy values
were obtained from the manufacturer.

Data Editing

The test period in the present study was defined as the last 70
d of test. For all animals, the most recent live-weight record
before the 70-d cut-off was retained if it was recorded after the
acclimatization period; all animals had to have at least 3 live-
weight records during the test period. Additionally, for animals
tested post-2011, the final live-weight of an animal preslaughter
was also retained for use in the present study. Any animal tested
after the year 2011 that did not have a live-weight record within
7 d preslaughter (n = 38) was removed from all analyses. Data
from a further 161 animals were removed due to abnormal
growth rates where the r-squared of a linear regression through
their live-weight records was <0.90 (discussed later). All animals
tested between the years 1992 and 2011 had to be between 8 and
16 mo of age when they started their test, while all animals tested
between the years 2012 and 2018 had to be between 10 and 24
mo of age when they started their test. Five days of feed intake
records from cattle fed through the automatic feed stations were
removed due to a weight malfunction on those days. Thirteen
animals were identified as sick from a combination of their
growth and feed intake patterns; data from these animals were
removed from all analyses. After all edits, feed intake and live-
weight records were available on 5,172 animals of which 2,985
were bulls tested pre-2012, 1,402 were bulls tested post-2011, 542
were steers, and 243 were heifers; all post-2011 bulls, steers, and
heifers (n = 2,187) also had carcass-related records.

Trait Definitions

Carcass data and final live-weight preslaughter were only
available on 2,187 animals tested from the year 2012 onwards.
Carcass weight (kg) was measured, on average, 2 h postslaughter.
Carcass conformation and carcass fat class were obtained using
video image analysis from a mechanical grading system (Pabiou
et al., 2011). Carcass conformation was defined by the EUROP
system and represented by the letters E, U, R, O, and P, where
E represents the best conformation and P represents the worst
conformation (Englishby et al., 2016). Each conformation class
was subdivided into 3 divisions, specifying a 15-point scale for
carcass conformation. Carcass fat classes were represented
on a scale from 1 to 15, where 1 represents the least fat and
15 represents the greatest fat cover on the carcass. Dressing
difference (kg) was calculated as the animal’s final live-weight,
within 7 d preslaughter, minus its carcass weight (Coyne et al.,
2019). Carcass dressing percentage (%) was calculated as the
carcass weight divided by the final live-weight of an animal
within 7 d preslaughter (Coyne et al., 2019) multiplied by 100. All
2,187 animals with carcass data had a record for both dressing
difference and dressing percentage.

Ultrasound measurements were available on 3,726 animals.
Bulls performance tested between 1992 and 2011 were scanned
once, approximately half way through their test period. Of the
animals scanned post-2011, 32 batches (1,370 animals) had
their last ultrasound record within 30 d of slaughter, while 5
batches (200 animals) had their last ultrasound record between
35 and 75 d preslaughter; only the last recorded preslaughter
ultrasound measurement was retained for each animal tested.
An Esaote-Pie Medical Aquila PRO Vet ultrasound scanner with
a 3.5 MHz transducer head was used to obtain all ultrasound
measurements. Fat depth was measured in 2 areas; 1) at the
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third lumbar vertebrae in 3 locations approximately 2 cm apart,
and 2) at the 13th thoracic rib in 4 locations approximately
2 c¢m apart. Ultrasound fat depth (mm) was calculated as the
average of all fat depth records at the third lumbar vertebrae and
fat depth records at the 13™ thoracic rib; ultrasound fat depth
records were available on 3,726 animals. An eye muscle depth
(mm) record was available on 2,782 animals and was measured
at the third lumbar vertebra on top of the loin, at a single point
representing the deepest point of the muscle. Intramuscular
fat (IMF; %) records were available on 1,446 animals and were
estimated from images taken at a lateral position to the animal’s
spine at the 13th thoracic rib; all animals with an intramuscular
fat record also had a record for both eye muscle depth and
fat depth.

Average daily gain was calculated, per animal, as the
linear regression coefficient from a simple linear regression
of individual live-weight on days on test. Mid-test metabolic
live-weight (MBW; i.e., live-weight®’®) was represented as the
predicted metabolic live-weight 35 d before the end of the test,
derived from the intercept and linear regression coefficient of
metabolic live-weight measures on days on test. Metabolic final
live-weight (MFW) was represented as the final live-weight
of an animal within 7 d preslaughter raised to the power of
0.75. Energy conversion ratio (ECR) was defined as MEI divided
by ADG.

Several definitions of REI were derived. The traditional
definition of REI (herein referred to as just REI) was calculated as
the residuals from a multiple linear regression of MEI on MBW
and ADG:

REI = MEI — (8o + S1MBW + B,ADG + batch)

where j, represents the intercept and piand (3, represent
the respective partial regression coefficients of MEI on MBW
and ADG.

Where ultrasound records were available, a separate trait of
REI adjusted for ultrasound fat depth (REI,) was calculated as
already described for REI except ultrasound fat depth was itself
included as a covariate but also in a 2-way interaction with both
ADG and MBW. Residual energy intake using MFW (REL,,) was
calculated as the residuals from a multiple linear regression of
MEI on MFW and ADG:

REIpw = MEI — (5o + S1MFW + 3,ADG + batch)

where j, represents the intercept and pjand (3, represent
the respective partial regression coefficients of MEI on MFW
and ADG.

Residual energy intake using carcass weight (REI_) was
calculated as the residuals from a multiple linear regression of
MEI on both carcass weight and ADG:

REIcw = MEI — (8o + Bicarcass weight + 8,ADG + batch)

where 3y represents the intercept and piand S, represent the
respective partial regression coefficients of MEI on carcass
weight and ADG.

A separate trait of REI_, adjusted for carcass fat score (REI,)
was calculated the same as for REI,, except carcass fat score
was itself included as a covariate but also in a 2-way interaction
with carcass weight. The partial regression coefficients for each
REI trait model within animal sex (bulls tested post-2011, steers,
and heifers) are given in Table 1 of the Supplementary Material.

Several definitions of RG were also derived. The traditional
definition of RG was calculated as the residuals from a multiple
linear regression of ADG on MBW and MEI:

RG = ADG — (8 + SiMBW + 8, MEI + batch)

where 3 represents the intercept and p;and S, represent the
respective partial regression coefficients of ADG on MBW
and MEL

Where ultrasound records were available, a separate trait of
RG adjusted for ultrasound traits (RG,) was calculated as already
described for RG except ultrasound fat depth was itself included
as a covariate but also in a 2-way interaction with both MEI
and MBW. Residual gain using MFW (RG,,) was calculated as
the residuals from a multiple linear regression of ADG on MFW
and MEL:

RGrw = ADG — (fo + S1MFW + 3,MEI + batch)

where fp represents the intercept and piand S, represent the
respective partial regression coefficients of ADG on MFW
and MEL

Residual gain using carcass weight (RG,,) was calculated as
the residuals from a multiple linear regression of ADG on both
carcass weight and MEIL:

RGew = ADG — (o + B1carcass weight + S, MEI + batch)

where 3 represents the intercept and p;and 3, represent the
respective partial regression coefficients of ADG on carcass
weight and MEL

A separate trait of RG_, adjusted for carcass fat score (RG,,)
was calculated as already described for RG_, except carcass
fat score was itself included as a covariate but also in a 2-way
interaction with carcass weight. All derivations of REI and RG
were calculated within animal sex, with batch included as a
fixed effect as illustrated.

The heterosis coefficient and recombination loss coefficient
were calculated for each animal as:

n
1- Z sire; x dam;

i1
and

n
1—

i=

sire;? x dam;?
5 )

-

respectively, where sire, and dam, are the proportion of breed i
in the sire and dam, respectively (Van Raden and Sanders, 2003).
Heterosis coefficient was subsequently divided into 12 classes
(0.0%, >0.0 to <0.1%, 0.1 to <0.2%,... 0.9 to <100.0%, and 100.0%),
and recombination loss coefficient was divided into 7 classes
(0.00%, >0.00 to <0.05%, 20.05 to <0.10%,... 20.45 to <0.50%, 0.50%,
and >0.50%).

Statistical Analyses

Phenotypic and genetic variance components for the
performance, efficiency, ultrasound, and carcass traits were
estimated using a series of univariate animal linear mixed
models in ASReml (Gilmour et al.,, 2009). Fixed effects for
consideration in all models were batch (n = 118), age at the end
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of test (covariate), the 2-way interaction between age at the end
of test and animal sex, heterosis coefficient class, recombination
loss coefficient class, and dam parity (1, 2, 3, 4, 25, and missing).
Animal was included as a random effect, and average genetic
relationships among animals were considered by tracing the
pedigree of each animal back to founder animals which were
allocated to genetic groups based on breed; up to 22 ancestral
generations were used in the generation of the relationship
matrix. The pedigree file consisted of 59,682 animals. Phenotypic
and genetic covariances among all traits were estimated using
a series of bivariate animal linear mixed models; fixed effects
in the model were those described for the univariate analyses.
The numbers of records used in each bivariate analysis are
presented in Tables 2, 3, and 4 of the Supplementary Material.

Results

Summary statistics by animal sex for each performance,
efficiency, ultrasound, and carcass trait are listed in Table 1.
Daily MEI ranged from 133.51 MJ/d for bulls tested pre-2012 to
180.17 MJ/d for bulls tested post-2011. Bulls tested post-2011,
on average, grew faster, weighed more, had a heavier carcass
weight and had a better dressing percentage compared to both
steers and heifers. There was no difference (P > 0.05) in growth
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rate, energy intake, or ECR between steers and heifers, although,
on average, heifers weighed less, had the lightest carcasses, and
had the lowest dressing percentage. The mean of all derived
residual traits was zero, due to the properties of least squares
regression. Performance trait heritability estimates ranged
from 0.29 for ADG to 0.66 for MBW. Heritability estimates for
the REI traits ranged from 0.36 for REI_,, to 0.50 for traditional
REIL Heritability estimates for the RG traits varied from 0.24
for traditional RG to 0.34 for RG,,. The inclusion of body fat
measures, such as ultrasound fat depth (UFD), reduced the
genetic standard deviation from 7.31 MJ/d for REI to 6.69 MJ/d
for REI, while the genetic standard deviation reduced from
8.33 MJ/d for REI_, to 7.34 MJ/d for REI_,. with the inclusion of
carcass fat measures in the regression model.

Correlations Between the Performance and
Efficiency Traits

Phenotypic and genetic correlations between the performance
and efficiency traits are summarized in Table 2. On average,
animals with a higher energy intake grew faster, were heavier,
and had an inferior ECR; this conclusion presented irrespective
of whether the correlations were phenotypic or genetic. The
phenotypic correlation between MBW and MFW was 0.98, while
the respective genetic correlation was 0.99; both correlations

Table 1. Raw means (standard deviations in parentheses), heritability estimates (h? standard error in parentheses), and genetic standard
deviations (0,) of the performance, efficiency ultrasound, and carcass traits in bulls tested before 2012 (pre-2012 bulls), bulls tested post-2011

(post-2011 bulls), steers, and heifers®

Trait? Pre-2012 Bulls Post-2011 Bulls Steers Heifers h? o,
Performance
MEI MJ/d 133.51% (20.81) 180.17" (17.63) 149.05¢ (21.97) 147.51¢ (24.37) 0.54 (0.05) 10.51
ADG, kg/d 1.71° (0.38) 2.04> (0.34) 1.44¢ (0.30) 1.42 (0.30) 0.29 (0.04) 0.15
MBW, kg®”s 113.3" (11.94) 121.7° (10.56) 122.8° (10.01) 114.8° (9.23) 0.66 (0.05) 6.42
MFW, kg®’s N/A 133.22% (10.23) 129.93 (10.10) 122.15¢ (9.30) 0.61 (0.08) 6.62
Efficiency
ECR 80.78% (16.81) 90.49 (14.78) 106.54¢ (21.35) 107.6° (26.37) 0.24 (0.04) 6.93
REI, My/d 0(10.71) 0(9.87) 0 (13.47) 0(18.21) 0.50 (0.05) 7.31
> My/d 0(9.59) 0(9.42) 0(13.92) 0 (18.40) 0.40 (0.06) 6.69
REI Elo MJ/d N/A 0(9.95) 0 (13.41) 0 (18.20) 0.40 (0.08) 7.46
El,, MJ/d N/A 0(11.29) 0 (14.66) 0(19.21) 0.43 (0.08) 8.33
REI,,, MJ/d N/A 0(10.37) 0 (13.96) 0 (18.44) 0.36 (0.07) 7.34
RG, kg/d 0(0.25) 0(0.24) 0(0.21) 0(0.19) 0.24 (0.04) 0.12
RG,, kg/d 0(0.23) 0(0.24) 0 (0.20) 0(0.20) 0.26 (0.05) 0.12
RG,,, kg/d N/A 0(0.24) 0 (0.20) 0(0.18) 0.34 (0.07) 0.13
RG,,, kg/d N/A 0(0.24) 0 (0.20) 0(0.19) 0.34 (0.07) 0.13
RG,,, kg/d N/A 0(0.24) 0(0.20) 0(0.19) 0.33(0.07) 0.13
Ultrasound
UFD, mm 3.1° (1.68) 3.7° (1.13) 5.2 (1.63) 6.0 (1.92) 0.49 (0.06) 0.76
UMD, mm 84.12 (7.14) 81.5% (7.43) 74.7¢ (7.07) 72.24 (7.83) 0.30 (0.06) 3.18
IMF, % N/A 5.01° (1.43) 5.97° (1.34) 6.66¢ (1.05) 0.25 (0.08) 0.57
Carcass
Carcass Weight, kg N/A 401.7° (45.47) 360.6 (40.85) 325.0° (38.70) 0.62 (0.09) 28.51
Carcass Conformation, scale 1-15 N/A 11.8%(1.27) 8.6° (1.68) 8.2¢(1.79) 0.62 (0.08) 0.89
Carcass Fat, scale 1-15 N/A 5.8%(1.03) 7.5° (1.48) 8.7¢(1.90) 0.63 (0.09) 0.87
Dressing Difference, kg N/A 279.6° (31.83) 298.4> (36.25) 281.8% (32.41) 0.66 (0.08) 22.28
Dressing Percentage,% N/A 58.94% (2.46) 54.73° (2.71) 53.55¢ (2.87) 0.78 (0.08) 1.78

IN/A = not available

2MEI = metabolizable energy intake; MBW = mid-test metabolic live-weight; MFW = metabolic final live-weight preslaughter; ECR = energy
conversion ratio; REI = residual energy intake; REI = REI adjusted for ultrasound fat depth; REI, = residual energy intake using metabolic
final live-weight preslaughter; REI, = residual energy intake using carcass weight; REI,. = REI , adjusted for carcass fat; RG = residual gain;
RG, = RG adjusted for ultrasound fat depth; RG, = residual gain using metabolic final live-weight preslaughter; RG_,, = residual gain using
carcass weight; RG,,. = RG,, adjusted for carcass fat score; UFD = ultrasound fat depth; UMD = ultrasound muscle depth; IMF= intramuscular
fat percentage.

*dMeans within a row with different subscripts differ (P < 0.05).
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Table 2. Phenotypic! (below the diagonal) and genetic (above the diagonal with standard errors in parentheses) correlations between the

performance and efficiency traits

Trait? MEI ADG MBW MFW ECR
MEI 0.61 (0.06) 0.65 (0.04) 0.63 (0.06) 0.25 (0.09)
ADG 0.46 0.43 (0.07) 0.41 (0.10) -0.61 (0.06)
MBW 0.61 0.28 0.99 (0.003) 0.15 (0.09)
MFW 0.60 0.51 0.98 -0.12 (0.14)
ECR 0.14 -0.75 0.08 -0.15

!Standard errors of the phenotypic correlations were all <0.03.

2MEI = metabolizable energy intake; ADG = average daily gain; MBW = mid-test metabolic live-weight; MFW = metabolic final live-weight

preslaughter; ECR = energy conversion ratio.

Table 3. Phenotypic and genetic (standard errors in parentheses) correlations of the performance and efficiency traits with the residual energy

intake and residual gain traits

Phenotypic Correlations!

Genetic Correlations

Trait? MEI ADG MBW MFW ECR MEI ADG MBW MEW ECR

REI 0.71 -0.03 -0.03 -0.03 0.47 0.68 (0.04) 0.12 (0.09) -0.07 (0.07) -0.20 (0.11) 0.46 (0.08)
REI, 0.65 -0.02 -0.03 -0.01 0.46 0.62 (0.06) 0.14 (0.11) 0.02 (0.08) -0.11 (0.13) 0.44 (0.09)
REL,, 0.69 -0.02 -0.01 -0.03 0.52 0.64 (0.06) -0.06 (0.14) -0.15 (0.12) -0.18 (0.13) 0.39 (0.12)
REL,, 0.76 -0.04 0.17 0.16 0.57 0.75 (0.05) -0.03 (0.14) 0.10 (0.10) 0.08 (0.13) 0.43 (0.11)
REL,, 0.70 -0.04 0.13 0.11 0.55 0.69 (0.06) -0.07 (0.15) 0.08 (0.12) 0.06 (0.13) 0.45 (0.12)
RG 0.03 0.89 0.01 0.15 -0.89 0.04 (0.10) 0.80 (0.04) 0.06 (0.09) 0.15 (0.13) -0.90 (0.02)
RG, 0.02 0.87 0.03 0.16 -0.86 0.02 (0.10) 0.75 (0.05) 0.06 (0.10) 0.29 (0.14) -0.84 (0.04)
RG,, 0.02 0.83 -0.12 0.01 -0.83 0.08 (0.11) 0.73 (0.06) -0.20 (0.11) -0.12 (0.12) -0.84 (0.05)
RG,, 0.01 0.83 -0.09 0.04 -0.85 0.11(0.12) 0.77 (0.05) -0.15 (0.11) -0.06 (0.12) -0.87 (0.04)
RG,, 0.01 0.83 -0.09 0.05 -0.85 0.12 (0.12) 0.78 (0.05) -0.15 (0.11) -0.06 (0.12) -0.87 (0.04)

Phenotypic correlations < |0.04| were not different (P > 0.05) from zero.

“REI = residual energy intake; REI = REI adjusted for ultrasound fat depth; REIL, = residual energy intake using metabolic final live-weight

preslaughter; REI , = residual energy intake using carcass weight; REI

= REI,, adjusted for carcass fat; RG = residual gain; RG; = RG

adjusted for ultrasound fat depth; RG,= residual gain using metabolic final live-weight preslaughter; RG_, = residual gain using carcass

weight; RG

CWF

= RG,,, adjusted for carcass fat score; MEI = metabolizable energy intake; ADG = average daily gain; MBW = mid-test metabolic

live-weight; MFW = metabolic final live-weight preslaughter; ECR = energy conversion ratio.

were different (P < 0.001) from one. The phenotypic and genetic
correlations between the performance and efficiency traits
with the residual energy intake and RG traits are listed in
Table 3. Neither the phenotypic nor the genetic correlations
between all the REI traits and their respective component traits
were different (P > 0.05) from zero. Similarly, the phenotypic
and genetic correlations between all the RG traits and their
respective components traits were not different (P > 0.05) from
zero. The fact that the phenotypic correlations between either
the REI traits or the RG traits with their component traits were
not exactly zero was because fixed effects that were included in
the bivariate mixed models, used to calculate the correlations,
were not included in the regression equations to derive the REI
and RG traits.

Phenotypic correlations of all REI trait