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Basarab, J. A., Colazo, M. G., Ambrose, D. J., Novak, S., McCartney, D. and Baron, V. S. 2011. Residual feed intake

adjusted for backfat thickness and feeding frequency is independent of fertility in beef heifers. Can. J. Anim. Sci. 91: 573�584.
This study examined the effects of residual feed intake (RFI), RFI adjusted for off-test backfat thickness (RFIfat) and RFI
adjusted for off-test backfat thickness and feeding event frequency (RFIfat & activity) on heifer fertility and productivity.
Beef heifers (n�190) were monitored for individual daily feed intake and feeding event activity over 108�112 d using the
GrowSafe System† and assessed for age at puberty based on plasma progesterone concentration. Individual animal daily
feed intake, feeding event activity and off-test backfat thickness were then used to calculate RFI, RFIfat and RFIfat & activity

and group heifers as either negative ([�], RFIB0.0) or positive ([�], RFI]0.0) for RFI. Heifers averaged 298 kg
(SD�34) in body weight, were 276 days of age (SD�19) at the start of test, grew at 0.90 kg d�1 (SD�0.21), consumed
7.62 kg DM head�1 d�1 (SD�0.84) and had a feed conversion ratio of 8.93 (SD�2.43). Age (351 d, SD�43) and weight
(367.3 kg, SD�45.0) at puberty were similar between [�] and [�] RFI heifers, but age at puberty was delayed in [�]
RFIfat (P�0.04) and RFIfat & activity (P�0.08) heifers compared with [�] RFIfat and RFIfat & activity heifers. Efficient or
[�] RFI heifer exhibited a lower pregnancy (76.84 vs. 86.32%, P�0.09) and calving rate (72.63 vs. 84.21%, P�0.05)
compared with [�] RFI heifers. These differences were partially removed in [�] RFIfat and completely removed in [�]
RFIfat & activity compared with their [�] RFI counterparts (pregnancy rate, 80.85 vs. 82.29%, P�0.80; calving rate, 75.53
vs. 81.25%, P�0.34). No differences were observed between efficient and inefficient heifers in calving difficulty, average
calving date, age at first calving, calf birth weight, calf pre-weaning ADG, calf weaning weight and heifer productivity.
However, [�] RFI heifers exhibited a 1.9-fold higher calf death loss compared with [�] RFI heifers (11.11% vs. 5.71%,
P�0.24). This difference was more pronounced in [�] RFIfat and [�] RFIfat & activity heifers, which exhibited 2.2-fold
(11.84% vs. 5.33%, P�0.15) and 3.0-fold (12.66% vs. 4.17%, P�0.06) higher calf death loss compared with [�] RFI
heifers. There was no relationship of RFI adjusted for backfat thickness and feeding activity on fertility traits indicating
that backfat thickness and feeding activity may be associated with feed intake and should be considered when selecting
heifers for improved feed efficiency.
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Basarab, J. A., Colazo, M. G., Ambrose, D. J., Novak, S., McCartney, D. et Baron, V. S. 2011. Ajuster l’ingestion

résiduelle d’aliments en fonction de l’épaisseur du gras dorsal et de la fréquence de l’alimentation n’a aucune incidence sur la
fertilité des génisses de boucherie. Can. J. Anim. Sci. 91: 573�584. Cette étude devait préciser l’incidence de l’ingestion
résiduelle d’aliments (RFI), de la RFI ajustée en fonction de l’épaisseur du gras dorsal en fin d’épreuve (RFIfat) et de la
RFI ajustée en fonction de l’épaisseur du gras dorsal en fin d’épreuve et de la fréquence de l’alimentation (RFIfat & activity)
sur la fertilité et le rendement des génisses. Les auteurs ont surveillé la prise alimentaire quotidienne et la fréquence de
l’alimentation de génisses de boucherie (n�190) pendant 108 à 112 jours grâce au système GrowSafe†, puis ont évalué
l’âge à la puberté selon la concentration de progestérone dans le sang. Ils ont ensuite recouru à la prise alimentaire
quotidienne de chaque sujet, à la fréquence de l’alimentation et à l’épaisseur du gras dorsal en fin d’épreuve pour calculer la
RFI, la RFIfat et la RFIfat & activity, et regrouper les génisses selon une RFI négative ([�], RFIB0,0) ou positive ([�],
RFI]0,0). Les génisses pesaient en moyenne 298 kg (É.-T.�34), étaient âgées de 276 jours (É.-T.�19) au début de
l’expérience, ont grossi au rythme de 0,90 kg par jour (É.-T.�0,21), ont consommé 7,62 kg de matière sèche par jour
(É.-T.� 0,84) et avaient un indice de consommation de 8,93 (É.-T.�2,43). L’âge (351 jours, É.-T.�43) et le poids
(367,3 kg, É.-T.�45,0) à la puberté étaient similaires pour les génisses [�] et [�]RFI, mais les génisses [�] RFIfat
(P�0,04) et RFIfat & activity (P�0,08) sont parvenues à la puberté plus tard que les génisses [�] RFIfat et RFIfat & activity.

Abbreviations: ADG, average daily gain; DMI, dry matter
intake; FCR, feed conversion ratio; ME, metabolizable energy;
RFIfat, residual feed intake adjusted for off-test ultrasound backfat
thickness; RFIfat & activity, residual feed intake adjusted for off-test
backfat thickness and feeding event frequency
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Les génisses efficaces ou [�] RFI se caractérisent par un taux de conception (76,84 c. 86,32 %, P�0,09) et de vêlage (72,63
c. 84,21 %, P�0,05) plus faible que les génisses [�] RFI. Ces variations disparaissent partiellement chez les génisses [�]
RFIfat et complètement chez les génisses [�] RFIfat & activity, comparativement à leurs contreparties [�] RFI (taux de
conception, 80,85 c. 82,29 %, P�0,80; taux de vêlage, 75,53 c. 81,25 %, P�0,34). Aucune variation n’a été relevée entre
les génisses efficaces et inefficaces pour les difficultés au vêlage, la date de mise bas moyenne, l’âge à la première mise bas, le
poids de naissance du veau, le gain quotidien moyen du veau avant le sevrage, le poids du veau au sevrage et le rendement
de la génisse. Cependant, les génisses [�] RFI enregistrent 1,9 fois plus de veaux décédés que les génisses [�] RFI (11,11 %
c. 5,71 %, P�0,24). Cet écart est encore plus prononcé chez les génisses [�] RFIfat et [�] RFIfat & activity, pour qui le
nombre de veaux décédés était respectivement 2,2 (11,84 % c. 5,33 %, P�0,15) et 3,0 (12,66 % c. 4,17 %, P�0,06) fois
plus élevé que celui des génisses [�] RFI. Il n’existe aucun lien entre l’ingestion résiduelle d’aliments corrigée en fonction
de l’épaisseur du gras dorsal ou de la fréquence de l’alimentation et les paramètres de la fertilité, signe que l’épaisseur du
gras dorsal et la fréquence de l’alimentation peuvent être associés à la prise alimentaire et qu’on devrait en tenir compte
lorsque les génisses sont sélectionnées en vue d’une meilleure assimilation des aliments.

Mots clés: Génisse de boucherie, âge à la puberté, habitudes alimentaires, fertilité, productivité

Feed costs are a severe and growing challenge to the
global competitiveness and sustainability of beef produc-
tion, and 56�71% of the cost of cow-calf production was
associated with feed, bedding and pasture (Alberta
Agriculture and Rural Development 2005). Feed energy
for cow maintenance represents 65�75% of total
feed energy requirements (Ferrell and Jenkins 1985;
Montano-Bermudez et al. 1990), with considerable indi-
vidual animal variation independent of body size and
growth (Arthur et al. 2001a, b; Basarab et al. 2003;
Crews 2005). In the past, feed conversion ratio (FCR)
has been used for improving feed efficiency; however, it
has been ineffective since FCR is related to growth, body
size and body composition (Archer et al. 1999; Johnson
et al. 2003; Crews 2005). Alternatively, residual feed
intake (RFI) has become a preferred method of improv-
ing feed efficiency in beef cattle as it is independent of
body weight and average daily gain (Archer et al. 1997;
Basarab et al. 2003; Nkrumah et al. 2007). Presently
innovative seedstock producers are rapidly increasing
their capacity to measure young bulls for feed intake and
RFI, and to develop estimated breeding values and
multi-trait selection indices that produce feeder progeny
that perform profitably in the feedlot and give optimum
carcass quality (Crews et al. 2006; Carstens and Tedeschi
2006). Replacement heifers are also being selected from
low RFI bulls or from heifers measured directly for RFI
with only a limited understanding of its effects on herd
fertility. In addition, young bulls and heifers are usually
tested for RFI between 7 and 12 mo of age when they are
at different stages of sexual maturity, such that some
animals will have reached puberty at the start of the feed
intake test period (early maturing) while others will not
reach puberty until after the test period has ended (late
maturing). This testing approach may favor the selection
of slightly later maturing animals (Arthur et al. 2005;
Basarab et al. 2007; Basarab et al. 2009) possibly leading
to herd infertility since early maturing heifers and bulls
may consume more feed energy during the test period
due to sexual development and activity than late matur-
ing animals given equal age, body weight, growth rate
and body composition (National Research Council

[NRC] 1996). These authors suggested that this differ-
ence was due to delayed puberty and conception in
heifers, which was then maintained with no further
reductions in fertility throughout the cow’s lifetime.
Thus, the objectives of this study are (1) to examine the
effects of RFI on age at puberty, age at conception,
pregnancy rate and productivity in heifers, and (2) to
identify variables that would adjust RFI to be indepen-
dent of heifer fertility and productivity.

MATERIALS AND METHODS
All animals were maintained at the Agriculture and Agri-
Food Canada Lacombe Research Centre and were cared
for according to the guidelines of the Canadian Council
on Animal Care (1993). The management of the cow-calf
herd has previously been described by Basarab et al.
(2007), with the exception that all bred heifers are
vaccinated 6 wk pre-calving as an aid in preventing
diarrhoea in their calves caused by bovine rotavirus
(serotypes G6 and G10), bovine coronavirus, enterotoxi-
genic strains of Escherichia coli having the K99 pili
adherence factor, and Clostridium perfringens type C.
Bred heifers are then re-vaccination at 4 to 5 wk before
the busiest week of the calving season (usually week 2).
Growth promoting implants were not used in this study.

In October of 2006, 2007 and 2008, heifers were
weaned and 30�50% were selected as herd replacements
based on body weight, frame size, temperament, mother’s
lifetime productivity and mother’s udder conformation
(61 in 2006; 68 in 2007; 61 in 2008). At weaning these
190 heifers averaged 179 d of age (SD�12 d) with a range
in age from 144 to 206 d, and were 244.0 kg in body
weight (SD�23.7 kg). They consisted of 116 Aberdeen
Angus-Hereford (ANHE) and 74 Charolais-Red Angus-
Maine Anjou (CHARMA) crossbred heifers. The 2006
born ANHE heifers were produced from Hereford sires
whereas the CHARMA heifers were produced from Red
Angus sires. The 2007 and 2008 born ANHE heifers were
produced from Hereford and Aberdeen Angus bulls and
the CHARMA heifers were produced from Charolais
sires. This resulted in a breed composition of 66.4%
Aberdeen Angus and 33.6%Hereford for ANHE heifers,
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and 57.1% Charolais, 21.9% Red Angus, 10.5% Maine
Anjou and 10.5% other breeds (Hereford, Aberdeen
Angus and Simmental) for CHARMA heifers.
The heifers were placed into a feedlot pen and fed barley
silage once daily from weaning to the beginning of the
pre-test adjustment period (2�3 mo). Heifers were then
moved to a feedlot pen (86 m by 46 m; 65 m2 per animal)
fitted with 16 GrowSafe† (GrowSafe Systems Ltd.,
Airdrie, AB) feeding stations for the automatic monitor-
ing of individual animal feed intake and feeding beha-
viours, where they were adjusted to a 90% barley silage
plus 10% rolled barley grain diet, fed twice daily ad
libitum over the next 28�35 d. The adjustment period
was followed by a 108- to 113-d test. The diet was chosen
as it reflects feeds readily available in central Alberta
and is typical for replacement heifer where weight gains
of 0.75 to 0.9 kg d�1 are targeted. 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) throughout all aspects of the study.
They were weighed on 2 consecutive days at the start and
end of the test period, and at approximately 28-d
intervals. Heifers were also measured for ultrasound
backfat thickness (mm), longissimus thoracis area (cm2)
and marbling score at the start and end of the test period.
Marbling score is a measure of intramuscular fat where
trace marbling or less�1.00 to 3.99 (Canada A quality
grade), slight marbling�4.00 to 4.99 (Canada AA
quality grade), small to moderate marbling�5.00 to
7.99 (Canada AAA quality grade) and slightly abundant
or more marbling�8.00 to 11.00 (Canada Prime).
Ultrasound measurements were taken with an Aloka
500V diagnostic real-time ultrasound with a 17-cm 3.5
Mhz linear array transducer (Overseas Monitor Cor-
poration Ltd., Richmond, BC) by a certified ultrasound
technician using procedures described by Brethour
(1992). The GrowSafe† feeding stations and concrete
apron were covered by an open-sided wooden roof that
prevented precipitation from entering the feeding sta-
tions. Wood chips and shavings were used as bedding
and were placed into the pen as required. The methodol-
ogy for measuring feed intake (kg DM d�1) and feeding
behaviours (daily feeding event frequency, duration
[min d�1] and head-down time [min d�1]) using the
GrowSafe† System has been described by Basarab et al.
(2003, 2007).

Feed samples of the total mixed ration for the heifers
were collected weekly, pooled monthly and analysed for
dry matter, calcium, phosphorus, crude protein, neutral
detergent fibre and acid detergent fibre. Dry matter was
determined by drying a sample of the diet at 1008C in a
forced-air oven to a constant weight. The calcium
(AOAC Official Method 927.02) and phosphorus
(AOAC Official Method 946.06) contents of the samples
were determined by AOAC procedures (AOAC 1996).
Crude protein was calculated as 6.25�N (AOAC 1996,

Official Method 973.03). Neutral detergent fibre and
acid detergent fibre contents of feed were determined by
the procedure of Van Soest et al. (1991).

Plasma Progesterone Concentrations
Blood samples were collected by jugular venipuncture on
the first day of test in 2007, 35 d before the start of the
test in 2008, and 57 d before the start of the test in 2009
and at 8- to 11-d intervals each year for determining
puberty based on progesterone concentrations. Total
blood collection period spanned 122, 157 and 151 d in
2007, 2008 and 2009, respectively. Samples collected into
evacuated tubes containing sodium heparin (Vacutainer,
Beckton Dickinson and Co., Franklin Lakes, NJ) were
immediately placed on ice and centrifuged within 3 h at
48C for 20 min at 1500�g. Plasma was separated and
stored at �208C until progesterone concentrations were
determined. Progesterone concentrations were deter-
mined, in duplicate, using a commercially available
RIA kit (Coat-A-Count Progesterone; Diagnostic Pro-
ducts Corporation, Los Angeles, CA) as previously
described by Colazo et al. (2008). The sensitivity of this
assay is 0.1 ng mL�1. The intra- and inter-assay
coefficients of variations were 2.6 and 17.2%, respec-
tively. Heifers were considered to have reached puberty
when the concentration of progesterone in the plasma
samples was ]1 ng mL�1 (Ringuet et al. 1994).

Pre- and Post-Breeding Period
The feed intake test ended in May and breeding started
the first week in June of each year. 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-d
breeding season. Transrectal ultrasonography (Aloka
SSD 500 attached to a 7.5 MHz linear-array transducer)
was used to assess ovarian structures and to determine
abnormalities of the reproductive tract 1 wk prior to the
start of breeding, and also to determine pregnancy
status 1 mo following the end of breeding. The age of
the conceptus was determined as previously described by
Curran et al. (1986) and reported in 5-d increments.

Calculations
Heifer on-test body weight, mid-point weight and
average daily gain (ADG) were calculated by a linear
regression of the animal’s observed body weight against
day on-test (Basarab et al. 2003; Wang et al. 2006).
Average daily feed intake of each heifer over the test
period was converted to total dry matter intake (DMI)
and then converted to total metabolizable energy (ME)
intake based on the DM andME content of the diet given
in Table 1. Diet ME content was calculated as follows:
Total digestible nutrients, TDN (%)�96.03 � [1.034�
ADF,%], where ADF refers to acid detergent fibre given
in Table 1 (Norwest Laboratories, 3131-1 Ave. South,
Lethbridge, AB, Canada T1J 4H1). ME, MJ kg�1 DM
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diet�((%TDN/100)�4.4Mcal kg�1 TDN)�4.184MJ
DEMcal�1�0.82MJMEMJ�1 DE (NRC 1996). Total
ME consumption of each animal was then divided by 10
to give total DMI standardized to an energy density of 10
MJ ME kg�1 DM, thus making the results comparable
with other research findings previously reported (Arthur
et al. 2001a; Basarab et al. 2003; Nkrumah et al. 2006).
Total standardized DMI was then divided by the number
of days on test to give average standardized daily DMI
(SDMI, kg DM d�1). The SDMI of each animal within
contemporary group was then regressed against ADG
(kg d�1) and metabolic MIDWT (kg0.75) using PROC
GLM (SAS Institute, Inc. 2009) and the following model:

Model 1: Yij �b0 �b1ADGi

�b2metabolic MIDWTj �eij;

where Yij is the SDMI for animal ij, b0 is the regression
intercept, b1 is the partial regression coefficient of SDMI
on average daily gain, b2 is the partial regression
coefficient of SDMI on metabolic mid-weight, and eij is
the random error term. A second and third model were
developed that adjusted RFI for backfat thickness, and
backfat thickness and feeding activity in an effort to
remove effects of sexual development and activity on feed
intake and were as follows:

Model 2: Yijk �b0 �b1ADGi �b2metabolic MIDWTj

�b3BFendk �eijk;

where b3 is tye partial regression coefficient of SDMI on
final ultrasound back fat thickness (mm).

Model 3: Yijk1 �b0 �b1ADGi

�b2metabolic MIDWTj �b3BFendk

�b4ACTIVITY1 �eijkl;

where b4 is the partial regression coefficient of SDMI
on average feeding event frequency (events d�1).
Residual feed intake, unadjusted (RFI) and adjusted
for backfat thickness (RFIfat) and feeding event fre-
quency (RFIfat & activity) were then computed for each
animal as the deviation of SDMI from the expected
feed intake ([EFI]; RFI�SDMI � EFII), SDMI
from EFIII (RFIfat�SDMI � EFIII) and SDMI from
EFIIII (RFIfat & activity�SDMI �EFIIII). RFI, RFIfat and
RFIfat & activity were then each used to group heifers as
either negative (RFIB0.0) or positive (RFI]0.0) for
RFI. This method was selected to maximize the number
of observations for each RFI grouping. Weight at
puberty was determined as follows: ([date at puberty �
on-test start date]�on-test ADG, kg d�1)�on-test start
weight (kg). Heifer productivity, expressed as kilograms
calf weaned per heifer exposed to breeding, was calcu-
lated as follows: Heifer productivity (kg calf weaned
per heifer exposed to breeding)�(calf pre-weaning
ADG, kg d�1�calf gender adjustment factor�calf
age at weaning, d)�(calf birth weight, kg�calf gender
adjustment factor), where calf gender adjustment factor
was 1.08 for heifers and 1.00 for steers since 200-d
weaning weight for steers was 8% more than for heifers
(242.8 kg vs. 224.7 kg). Heifers that were open or that did
not wean a calf were given a productivity of zero.

Dystocia score, presentation type (normal; abnormal),
birth type (single; twin) and calf condition score were
assigned within 24 h of birth. Dystocia score ranged from
1 to 4, where 1 is unassisted, 2 is easy pull, 3 is hard pull
(calf puller), and 4 is Caesarean section was used.
Dystocia scores were later collapsed into two groups:
dystocia scores 1 and 2 represented easy births and
3 and 4 represented difficult births. This was done
because dystocia scores 3 and 4 are of economic
importance to cow-calf managers (Basarab et al. 1993).
Calf condition score ranged from 1 to 6, where 1 is born
alive and healthy, 2 is died after weaning, 3 is died after
branding at 2 mo of age or older, 4 is died before 2 mo of
age, 5 is dead at birth and 6 is aborted. The actual date of
death and reason (if possible) were also recorded.

Statistical Analysis
With the exception of birth date and ages, pre-calving
heifer traits and heifer productivity (kilograms calf
weaned per heifer exposed to the bull) were subjected
to an analysis of covariance using PROC MIXED (SAS
Institute, Inc. 2009) and the following model:

Yijkl �m�Yi �Bj �YBij �Rk �YRik �BRjk

�YBRijk �b1BIRTH1 �eijkl;

where Yijkl is the individual animal observation, Yi is the
effect of the ith year or contemporary groups (2007,
2008, 2009), Bj is the effect of the jth breed cross
(ANHE; CHARMA), Rk is the effect of the kth heifer
RFI, RFIfat and RFIfat & activity groups, YBij, YRik, BRjk

and YBRijk are the two- and three-way interaction

Table 1. Composition of diet fed to replacement heifers by test year

Items 2007 2008 2009

Ingredient composition (% as fed basis)
Barley silage 90.0 90.0 90.0
Steam rolled barley 10.0 10.0 10.0

Nutrient composition (DM basis)z

Dry matter (%) 40.07 42.70 36.50
Acid detergent fibre (%) 29.63 29.16 32.82
Total digestible nutrientsy (%) 65.40 65.88 62.09
Metabolizable energyx (MJ kg�1) 9.87 9.95 9.37
Crude protein (%) 12.48 12.30 12.90
Calcium (%) 0.53 0.49 0.72
Phosphorus (%) 0.29 0.31 0.30

zWithin year, samples of the total mixed finishing diet were collected
weekly, pooled and analyzed monthly (n�3).
yFor roughage diets, total digestible nutrients, TDN (%)�96.03�
[1.034�ADF,%] (Norwest Laboratories, 3131-1 Ave. South, Leth-
bridge, AB, Canada T1J 4H1).
xMetabolizable energy (ME), MJ kg�1 DM�{(TDN, %/100)�4.4
Mcal kg�1 TDN}�4.184 MJ DE Mcal�1�0.82 MJ ME MJ�1 DE
(NRC 1996).
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terms, b1 is the partial regression coefficient of heifer
birth date (BIRTH) and eijkl is the random error. Heifer
birth date and ages were analyzed similarly, except that
heifer birth date was not included in the statistical
model. Post-calving heifer traits were also subjected to
an analysis of covariance using PROC MIXED (SAS
Institute, Inc. 2009), but with the following model:

Yijklm �m�Yi �Bj �YBij �Rk �YRik �BRjk

�YBRijk �S1 �YSil �BSjl �RSkl �YBSijl

�YRSikl �BRSjkl �YBRSijkl �b1BIRTHm

�eijklm;

where Yijklm is the individual animal observation, Sl is
the effect of the lth calf gender, YSil, BSjl, RSkl, YBSijl,
YRSikl, BRSjkl and YBRSijkl are the two- three and four-
way interaction terms with calf gender and eijklm is the
random error. A further analysis was conducted to
determine the DMI and feed efficiency associated with
sexual development and activity. This was accomplished
by identifying when heifers reached puberty relative to
the start of the feed intake test period. Heifers were then
identified as pre-pubertal during 0 to 84 d on test or
post-pubertal from 42 to 113 d on test. The numbers of
days for each puberty status (pre-pubertal, 0�84 d vs.
post-pubertal, 42�113 d) were selected to obtain the
maximum number of feed intake days for each puberty
status. The average daily feed intake for each heifer
within puberty status (84 d for pre-pubertal; 71 d for
post-pubertal) were then re-calculated, along with a new
mid-point weight (mid-point weight equals day 42 for
pre-pubertal and day 77.5 for post-pubertal heifers).
Feed intake and FCR data were then subjected to an
analysis of covariance using PROC MIXED (SAS

Institute, Inc. 2009) and the following model:

Yijklm �m�Yi �Bj �YBij �Pk �YPik �BPjk

�YBPijk �b1ADG1 �b2PUBMIDWTm

�b3BFendn �eijklmn;

where Yijklmn is the individual animal observation, Pk is
the effect of the kth puberty status, YPik, BPjk and
YBPijk are the two- and three-way interaction terms
with puberty status, b1 is the partial regression coeffi-
cient of DMI or FCR on ADG, b2 is the partial
regression coefficient of DMI or FCR on midpoint
weight for pre- or post-pubertal heifers, b3 is the partial
regression coefficient of DMI or FCR on final off test
backfat thickness and eijklmn is the random error. Within
animal, the overall ADG equalled their puberty status
ADG, since growth was linear over the entire test
period. Those sources of variation with significant
(PB0.05) F values were subjected to multiple compar-
isons of least squares means using the PDIFF option of
the SAS Institute, Inc. (2009). Simple correlations were
computed using PROC CORR of the SAS Institute, Inc.
(2009). Differences among [�] and [�] RFI, RFIfat and
RFIfat & activity heifers for age at puberty, pregnancy
rate, calving pattern, calving difficulty, weaning rate and
calf death loss were analyzed with the PROC FREQ
procedure of SAS using the CHISQ option (SAS
Institute, Inc. 2009).

RESULTS AND DISCUSSION
Data quality parameters for individual animal growth
curves and feed intake data are given in Table 2. Heifers
ranged in age at the start of test from 229 to 286 d in
2007, from 232 to 289 d in 2008 and from 272 to 314 d in

Table 2. Mean and standard deviations
z
for data quality parameters for average daily gain (ADG) and feed intake by year on test

Quality control parameters 2007 2008 2009

Number of heifers 61 68 61
Mean age at start of test (d) 265 (13.1) 266 (11.7) 298 (9.1)
Length of growth and feed intake test (d) 113 113 108
Days excluded for feed intake data (d) 14 13 2
Days included for feed intake data (d) 99 100 106
Feeding station days (16 stations�days included) 1584 1600 1696
Mean assigned feed disappearance (AFD) (%) 99.7 (1.3) 98.8 (1.9) 99.3 (1.1)
Feeding station days with AFD�90%B95% (%) 0.9 3.1 1.2
Feeding station days with AFD]95% (%) 99.1 96.9 98.8
Mean residual feed intake (RFI) (kg DM d�1) 0.00 (0.34) 0.00 (0.32) 0.00 (0.36)

Phenotypic correlations (rp)
Dry matter intake (DMI) vs. ADG 0.615 0.814 0.744
DMI vs. midpoint-metabolic weight (mid-MWT) 0.835 0.795 0.586
DMI vs. RFI 0.507 0.447 0.570
Feed conversion ratio vs. RFI 0.451 0.566 0.231

Coefficient of determination (R2�100)
Mean R2�100 for heifer growth curves 99.1 (0.7) 98.8 (1.0) 96.6 (2.0)
DMI variation accounted for by ADG and mid-MWT 74.31 79.78 67.26
DMI variation accounted for by ADG, mid-MWT and final off-test backfat thickness (BF) 78.08 80.05 69.79
DMI variation accounted for by ADG, mid-MWT, BF and feeding event frequency 79.55 83.55 70.73

zValues in parentheses are standard deviations.
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2009, and these values were within the start of test age
range of 60 d recommended by the Beef Improvement
Federation guidelines (BIF 2010). Length of test (108 to
113 d) and recorded live weight at 28-d intervals were
also considered adequate to accurately compute ADG
and average daily feed intake for individual animals
(Wang et al. 2006; BIF 2010). Mean assigned feed
disappearance within year was greater than 98% and
only 0.9 to 3.1% of data were removed due to system
malfunction, power outage and non-detection of con-
sumed feed. The moderate to high correlations of DMI
on ADG and DMI on body size are also indicative of
high data quality. All growth curves had a coefficient
of determination (R2�100) greater than 95% (mean�
98.2%, SD�1.7), indicating that all animals grew
normally, without hindrance from morbidity or nutri-
tional restrictions. The high R2 values also indicated that
growth during this phase of the animal’s life was linear
and that the choice of a linear regression model was
appropriate. The RFI component traits of ADG and
metabolic mid-weight also accounted for a significant
proportion of the variation in DMI (67.3 to 79.8%),
which is consistent with other studies (Arthur et al.
2001a, b; Basarab et al. 2003, 2007; Nkrumah et al. 2007;

Kelly et al. 2010a, b). The inclusion of final off-test
backfat thickness into the regression model accounted
for an additional 0.3�3.8% of the variation in DMI
(PB0.05) and the inclusion of feeding event frequency
accounted for a further 0.9�3.5% (PB0.05) of the varia-
tion in DMI over that accounted for by ADG, metabolic
mid-weight and final off-test backfat thickness.

The least squares means of growth, body composi-
tion, feeding behaviour and feed efficiency traits for [�]
and [�] RFI heifers are given in Table 3. Heifer birth
date and weight, weaning age and weight, weight on-
and off-test, l. thoracis area on- and off-test, growth
rate, mid-point metabolic weight and two of three
feeding behaviour traits were similar between [�] and
[�] RFI, RFIfat and RFIfat & activity heifers. Notable
exceptions were on-test-marbling score, off-test backfat
thickness and feeding event frequency, with [�] RFI
heifers carrying 3.2% less intramuscular and 6.8% less
subcutaneous fat, and feeding 6.8% less frequently than
[�] RFI heifers. There were no differences in body
fatness between [�] and [�] RFIfat heifers, nor in body
fatness and feeding event behaviours between [�] and
[�] RFIfat & activity heifers, since these RFI values had
been adjusted for these component traits. As expected,

Table 3. Growth, body composition and feed efficiency traits for [�] and [�] residual feed intake heifers during their post-weaning test period

Heifer RFI groupz Heifer RFIfat group
z Heifer RFIfat & activity group

z

Traits Mean SD [�] [�] Prob. [�] [�] Prob. [�] [�] Prob. SEMy

Number of heifers 95 95 98 92 94 96
Birth datex (d) 105 11.7 107 104 0.152 105 106 0.675 105 106 0.866 1
Birth weight (kg) 41.1 4.7 41.3 41.7 0.604 41.6 41.5 0.929 41.5 41.6 0.869 0.4
Wean age (d) 179 11.8 177 179 0.154 178 178 0.700 178 178 0.894 1
Wean weight (kg) 244.0 23.7 245.4 245.3 0.973 244.6 246.2 0.613 246.1 244.2 0.529 2.1

Start of post-weaning test
Age (d) 276 19 275 277 0.152 276 275 0.675 276 276 0.866 1
Body weight (kg) 298.2 34.2 297.7 300.9 0.406 298.2 300.7 0.497 299.8 298.5 0.734 2.5
Backfat (mm) 4.6 1.5 4.4 4.6 0.293 4.5 4.5 0.720 4.5 4.5 0.846 0.1
Marbling score 4.29 0.50 4.19 4.33 0.049 4.20 4.31 0.128 4.21 4.30 0.164 0.05
L. thoracis area (cm2) 48.2 6.9 48.8 47.9 0.296 48.4 48.3 0.869 48.9 47.7 0.135 0.5

End of post-weaning test
Body weight (kg) 398.0 35.4 396.6 399.4 0.572 397.8 398.2 0.936 399.2 396.2 0.539 3.3
Backfat (mm) 5.9 1.8 5.5 5.9 0.063 5.8 5.7 0.525 5.9 5.6 0.225 0.2
Marbling score 4.96 0.62 4.87 4.91 0.655 4.89 4.88 0.876 4.90 4.87 0.781 0.05
L. thoracis area (cm2) 62.3 6.2 62.5 62.6 0.919 62.0 63.0 0.234 62.5 62.4 0.858 0.6

On-test period
ADG (kg d�1) 0.90 0.21 0.89 0.89 0.932 0.90 0.88 0.353 0.90 0.89 0.501 0.01
DMI (kg DM d�1) 7.62 0.84 7.34 7.90 B0.001 7.38 7.86 B0.001 7.40 7.82 B0.001 0.06
Mid metabolic weight (kg) 80.6 5.7 80.5 81.0 0.499 80.6 80.8 0.740 80.9 80.5 0.599 0.5
Duration (min d�1) 166.1 34.2 163.9 165.8 0.642 166.9 162.0 0.223 163.0 166.0 0.458 2.7
Head-down (min d�1) 90.4 23.2 90.3 91.5 0.719 92.0 89.1 0.399 89.9 91.4 0.647 2.3
Frequency (events d�1) 104.3 19.7 100.8 110.6 B0.001 101.3 110.2 0.001 104.6 106.6 0.467 1.8
FCRw (kg DM kg�1 gain) 8.93 2.43 8.72 9.40 B0.001 8.71 9.43 B0.001 8.76 9.36 B0.001 0.11
RFI (kg DM d�1) 0.00 0.34 �0.27 0.26 B0.001 �0.25 0.24 B0.001 �0.24 0.22 B0.001 0.02
RFIfat (DM d�1) 0.00 0.33 �0.25 0.26 B0.001 �0.25 0.26 B0.001 �0.24 0.24 B0.001 0.02
RFIfat & activity (DM d�1) 0.00 0.31 �0.22 0.22 B0.001 �0.23 0.23 B0.001 �0.24 0.23 B0.001 0.02

zRFIfat is adjusted for end of test backfat thickness, while RFIfat & activity is adjusted for end of test backfat thickness and feeding event frequency.
yStandard error of least squares mean for each RFI calculation method within trait.
xDays from the beginning of each year.
wFCR, feed conversion ratio.
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[�] RFI, RFIfat and RFIfat & activity heifers consumed
7.1, 6.1, and 5.4% less feed than [�] RFI, RFIfat and
RFIfat & activity heifers, respectively, which resulted in a
6.4 to 7.6% improvement in feed conversion ratio in
efficient heifers. These results are similar to those
reported previously by Canadian (Basarab et al. 2003,
2007; Nkrumah et al. 2007), Australian (Arthur et al.
2001a, b; Richardson et al. 2001), American (Carstens
and Tedeschi 2006) and Irish (Kelly et al. 2010a, b)
researchers who reported moderate to high positive
relationships of RFI on DMI (rp�0.60 to 0.72; rg�
0.69 to 0.79) and RFI on FCR (rp�0.53 to 0.70; rg�
0.66 to 0.88). In the present study, all three measures of
RFI were highly related (rp�0.92�0.96; PB0.001)
indicating that they are similar traits.

Only 9.0% of heifers had reached puberty by the start
of the feed intake test, while 27.5% had not reach
puberty by the end of the feed intake test (Fig. 1). The
percentages of heifers reaching puberty during days 0,
14, 28, 42, 56, 70, 84, 98 and 112 of the test period were
9.0, 11.1, 19.6, 22.2, 27.5, 42.9, 60.3, 70.4 and 72.5%,
respectively. This resulted in heifers reaching puberty at
various times during the test period with varying energy
demands due to sexual activity and development. Figure
1 shows that heifers that had attained puberty near the
start or within 30�60 d after the test started consumed
more feed (rp��0.19), spent more time at the bunk in
feeding event duration (rp��0.13) and head-down
(rp��0.23) behaviours, but removed their head from
the bunk or went to the bunk less frequently (rp�0.15)
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Fig. 1. The effect of puberty on feed intake and feeding behaviours in beef heifers.
These figures illustrate that heifers attaining puberty near the start of the test consumed more feed, spent more time at
the bunk in feeding event duration and head-down behaviours, but removed their head from the bunk or went to the
bunk less frequently than heifers reaching puberty after the test had finished.
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than heifers reaching puberty near the end of the test or
after the test had finished. In the present study heifers
group as pre-pubertal (n�109) consumed 4.7% less feed
(7.4790.04 vs. 7.8490.06 kg DM d�1, PB0.001) and
had a 7.4% improvement in FCR (8.6590.07 vs. 9.349
0.09 kg DM kg�1 gain, PB0.001) compared with heifers
grouped as post-pubertal (n�81) given equal ADG,
body size and backfat thickness. While no other data are
available to directly show the added energy demand of
sexual development and activity it is assumed that there
will be a cost since cattle require 14.4% more energy
when standing than when lying (Susenbeth et al. 2004),
and Richardson et al. (1999) reported a positive
correlation (r�0.32) between daily pedometer count
and DMI. In addition meta-analysis of 18 research trials
reported that feeding melengestrol acetate, an oestrus
suppressant, to non-implanted feedlot heifers improved
(PB0.01) feed efficiency by 4.4% (Wagner et al. 2007).
Thus, these results suggest that calculating RFI from a
mixture of pre- and post-pubertal heifers will favor
later-maturing heifers since they have an estimated 4�
7% lower feed efficiency given equal growth, body size
and body composition.

Age and weight at puberty for all heifers averaged
351 d and 367 kg, respectively, and age at puberty ranged
from 243 to 441 d (Table 4). This average weight at
puberty represented 56.5% of mature weight since pre-
breeding body weight of mature cows in this herd was
previously reported to be 649 kg (Basarab et al. 2007).
Martin et al. (2007) reported similar results for spring-
born Angus�Simmental, Angus�Gelbvieh and
MARC III (¼ Angus, ¼ Hereford, ¼ Red Poll, ¼
Pinzgauer)�Red Angus heifers grown at 0.60�0.65 kg
d�1 for the 6.5 mo period prior to the beginning of the

breeding season. In their study age and weight at puberty
were 353 d and 315 kg, respectively. Almost four decades
ago average age at puberty in British�British and
British�Continental heifers were 350�370 d, while
average weight at puberty ranged from 270 to 340 kg
(Laster et al. 1972).

There was no difference between [�] and [�] RFI
heifers in age at puberty, weight at puberty or the rate at
which heifers reached puberty (Table 4). Ninety-seven
percent (97%) of heifers, regardless of RFI group or
method of calculating RFI, reached puberty by 15 mo of
age, which is required if they are to calve by 24 mo of
age. When RFI was adjusted for final ultrasound
backfat thickness and feeding event frequency, [�]
RFIfat and RFIfat & activity heifers took 11 and 13 d
longer to reach puberty and were 12.1 and 14.5 kg
heavier than [�] RFIfat and RFIfat & activity, respectively.
This was reflected in the rate at which heifer’s reached
puberty with [�] RFIfat and RFIfat & activity heifers
having a lower proportion reaching puberty by 9 mo of
age compared with [�] RFIfat and RFIfat & activity

heifers. Our results are similar to Shaffer et al. (2011)
who reported a small but negative linear relationship
between RFI and age at puberty (r��0.16, P�0.06),
such that for each unit increase in RFI there was a
corresponding reduction of 7.5 d in age at puberty.
Their study was conducted with pre-pubertal heifers
that reached puberty during the course of the feed intake
test period. These researchers concluded that due to the
large variation in age at puberty in both [�] and [�]
RFI heifers, selection for low RFI and early maturing
heifers would be highly possible, with minimal impact
on herd fertility.

Table 4. Age and weight at puberty in [�] and [�] residual feed intake (RFI, RFIfat and RFIfat & activity) replacement heifers

Heifer RFI groupz Heifer RFIfat group
z Heifer RFIfat & activity group

z

Traits Mean SD [�] [�] Prob. [�] [�] Prob. [�] [�] Prob. SEMy

Number of heifers 95 95 98 92 94 96
Age at puberty (d)x 351 43 353 347 0.357 356 343 0.040 356 345 0.080 4
Weight at puberty (kg) 367.3 45.0 367.2 364.2 0.671 371.8 359.7 0.081 372.9 358.4 0.040 4.7

Cumulative % reaching puberty
byB9 mo 5.82 4.26 7.37 0.361 2.04 9.89 0.021 2.13 9.47 0.031
byB10 mo 12.70 10.64 14.74 0.398 9.18 16.48 0.132 10.64 14.74 0.398
byB11 mo 26.46 26.60 26.32 0.965 22.45 30.77 0.195 23.40 29.47 0.344
byB12 mo 50.26 48.94 51.58 0.716 44.90 56.04 0.126 45.74 54.74 0.216
byB13 mo 75.66 73.40 77.89 0.472 72.45 79.12 0.286 72.34 78.95 0.290
byB14 mo 93.65 94.68 92.63 0.564 93.88 93.41 0.895 92.55 94.74 0.538
byB15 mo 96.83 96.81 96.84 0.990 96.94 96.70 0.927 96.81 96.84 0.990

zRFI is adjusted for on-test growth rate and on-test metabolic mid-point weight, RFIfat is adjusted for on-test growth rate, on-test metabolic mid-
point weight and ultrasound backfat thickness at end of test and RFIfat & activity is adjusted for on-test growth rate, on-test metabolic mid-point
weight, ultrasound backfat thickness at end of test and feeding frequency ([�] RFI, RFIfat or RFIfat & activity B0.00; [�]RFI, RFIfat or
RFIfat & activity ]0.00).
yStandard error of least squares mean is the same for each method of calculating RFI within trait.
xAge at puberty was determined by serial blood sampling for plasma progesterone. Puberty was reached when progesterone concentrations were ]1
ng mL�1 plasma. Three [�] and three [�] RFI heifers never cycled, were not pregnant as diagnosed by transrectal ultrasound one month after the
end of the breeding season and were culled.
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Pre- and post-breeding age and weight, abortion rate,
heifer cull-death rate and average calving date for [�]
and [�] RFI, RFIfat and RFIfat & activity heifers were
similar (Table 5). However, [�] RFI heifers exhibited a
lower rate of conception from days 12 to 37 of the
breeding season, pregnancy rate (76.84 vs. 86.32%, P�
0.092) and calving rate compared with [�] RFI heifers.
When off-test backfat thickness was included in the
model, [�] RFIfat heifers still exhibited a lower rate of
conception from day 22 to 32, but no difference in
pregnancy rate compared with [�] RFIfat heifers. When
off-test backfat thickness and feeding event behaviour
were included in the model, no differences were ob-
served in rate of conception or pregnancy rate between
[�] and [�] RFIfat & activity heifers. These results suggest
that selection for low RFI from a mixture of pre- and
post-pubertal heifers can negatively impact fertility in
[�] RFI heifers by favouring later-maturing heifers that
do not yet have the extra energy demand associated with

sexual development and activity. In addition, numerous
studies have shown that RFI is positively related, both
phenotypically and genetically, to body fatness (Arthur
et al. 2001b; Richardson et al. 2001; Basarab et al. 2003;
Nkrumah et al. 2004; Kelly et al. 2010a, b; Donoghue
et al. 2011) such that [�] RFI heifer could have 2�5%
less body fat than [�] RFI heifers, which may negatively
impact the onset of puberty. However, all heifers in the
present study had adequate nutrition as they grew at
0.90 kg d�1 and had 4.6 mm (range�1.4 to 8.5 mm) of
ultrasound backfat thickness at the start and 5.9 mm
(range�2.2 to 11.7 mm) at the end of the feed intake
test. This level of backfat thickness equates to a body
condition score of 2.5 to 3.0 (Basarab et al. 2007) based
on the Scottish System (Lowman et al. 1976), where
1.0 is emaciated and 5.0 is grossly fat.

Efficient or [�] RFI heifers also exhibited a slightly
poorer performance by having fewer calves born by day
28 of the calving season than [�] RFI heifers (82.6% vs.

Table 5. Pre- and post-breeding weight, pregnancy rate and calving rate in [�] and [�] residual feed intake (RFI, RFIfat and RFIfat & activity) replacement

heifers

Heifer RFI groupz Heifer RFIfat group
z Heifer RFIfat & activity group

z

Traits Mean SD [�] [�] Prob. [�] [�] Prob. [�] [�] Prob. SEMy

Heifers exposed to bulls 95 95 98 92 94 96
Heifers pregnant in the fall 73 82 78 77 76 79
Heifers calving 69 80 74 75 71 78
Pre-breeding age (mo)x 409 12 407 409 0.152 409 408 0.675 408 408 0.866 1
Pre-breeding weightx (kg) 406.6 36.9 401.9 408.8 0.220 404.9 405.9 0.859 406.0 404.2 0.753 3.8
Post-breeding weightx (kg) 428.9 39.2 425.2 430.5 0.331 427.8 428.1 0.958 428.8 426.2 0.646 3.6
Abortion rate (%) 2.58 4.11 1.22 0.257 3.85 1.30 0.317 3.95 1.27 0.293
Heifer cull/death ratew (%) 1.29 1.37 1.22 0.934 1.28 1.30 0.993 2.03 0.00 0.147

Cumulative % pregnant by
day of the breeding seasonv

Day 2 17.89 15.79 20.00 0.449 16.33 19.57 0.561 15.96 19.79 0.491
Day 7 45.79 41.05 50.53 0.190 42.86 48.91 0.402 44.68 46.88 0.762
Day 12 50.53 43.16 57.89 0.042 45.92 55.43 0.190 47.87 53.13 0.469
Day 17 64.21 55.79 72.63 0.016 59.18 69.57 0.136 62.77 65.63 0.681
Day 22 68.95 58.95 78.95 0.003 62.24 76.09 0.039 65.96 71.88 0.378
Day 27 70.53 61.05 80.00 0.004 63.27 78.26 0.024 67.02 73.96 0.294
Day 32 77.37 70.53 84.21 0.024 72.45 82.61 0.094 76.60 78.13 0.801
Day 37 81.58 76.84 86.32 0.092 79.59 83.70 0.466 80.85 82.29 0.798
Average calving dateu (d) 77.5 9.6 78.5 77.4 0.530 77.8 77.6 0.920 77.6 78.1 0.785 1.2
Calving ratet (%) 78.42 72.63 84.21 0.052 75.51 81.52 0.314 75.53 81.25 0.338

Cumulative % calving by day of the calving season
Day 7 22.82 24.64 21.25 0.623 22.97 22.67 0.965 23.94 21.79 0.755
Day 14 55.70 50.72 60.00 0.256 52.70 58.67 0.464 53.52 57.69 0.609
Day 21 77.85 75.36 80.00 0.497 77.03 78.67 0.810 76.06 79.49 0.615
Day 28 89.26 82.61 95.00 0.015 86.49 92.00 0.277 85.92 92.31 0.208
Day 35 96.64 94.20 98.75 0.124 97.30 96.00 0.660 98.59 94.87 0.208
Day 42 100.00 100.00 100.00 1.000 100.00 100.00 1.000 100.00 100.00 1.000

zRFIfat is also adjusted for ultrasound backfat thickness at end of test, while RFIfat & activity is also adjusted for ultrasound backfat thickness at end of
test and feeding frequency ([�] RFI, RFIfat or RFIfat & activity B 0.00; [�]RFI, RFIfat or RFIfat & activity]0.00).
yStandard error of least squares mean is the same for each method of calculating RFI within trait.
xPre-breeding weight and age were taken 1�6 d before the start of the breeding season. Post-breeding weight was taken 28�37 d after the end of the
breeding season which was 37 d long.
wOne heifer was found dead and one heifer was culled for temperament about one month after the end of the breeding season.
vCumulative percent of heifers pregnant by day of the breeding season was determined by transrectal ultrasonography.
uDays from the beginning of the year.
tPer heifer exposed to bulls through natural service.
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95.0%, P�0.02). This small delay in calving was
removed by adjusting RFI for backfat thickness or
backfat and average feeding event frequency. Only
Arthur et al. (2005) has measured RFI in pre-pubertal
heifers and then selected low RFI heifers as herd
replacements. In that study no selection line differences
were observed for pregnancy, calving and weaning rates.
However, low RFI cows calved 5 d later (P�0.07) than
high RFI cows. In a subsequent study, Basarab et al.
(2007) reported that cows producing low RFI progeny
calved 5�6 d later in the calving season (PB0.001) than
dams that produced medium and high RFI progeny,
and suggested that the effect was due to a delay in first
oestrus resulting in a delay in conception during the
breeding season. This Canadian study also reported no
differences in pregnancy (95.6% vs. 96.0%; P�0.90),
calving (84.9% vs. 86.3%; P�0.62) and weaning (81.5
vs. 82.3%, P�0.79) rates among cows that produced
low or high RFI progeny.

Calving difficulty, age at first calving, calf birth
weight, calf pre-weaning ADG, calf actual and 200-d
weaning weight and heifer productivity, expressed as
kilograms of calf weaned per heifer exposed to breeding,
were similar between [�] and [�] RFI heifers regard-
less of RFI group or method used to calculated RFI
(Table 6). This similarity in productivity occurred
despite [�] RFI heifers having a lower pregnancy rate

(76.84% vs. 86.32%, P�0.09) and resulted mainly
because [�] RFI heifers also had a 1.9-fold lower
(P�0.24) death loss of calves compared with [�] RFI
heifers. This difference in calf death loss was more
pronounced in [�] RFIfat and [�] RFIfat & activity heifers,
which exhibited 2.2-fold (P�0.15) and 3.0-fold (P�
0.06) lower death losses of calves compared with [�]
RFIfat and [�] RFIfat & activity heifers, respectively.
When calf death loss was adjusted to remove death loss
due to known causes (calving difficulty; accidental, cow
stepped on calf), [�] RFI, RFIfat and RFIfat & activity

heifers had 2.6-fold (P�0.21), 3.0-fold (P�0.15) and
6.3-fold (P�0.04) fold lower death losses of calves
compared with [�] RFI, RFIfat and RFIfat & activity

heifers, respectively. Calf deaths that occur within 1 or 2
mo of birth and that are not due to calving difficulty or
are not accidental may result because the calves are
more susceptible to stress or may have suboptimal
cellular immunity. Basarab et al. (2007) reported similar
results in that cows that produced [�] RFI progeny also
had nearly double the rate of calf death loss (8.06 vs.
4.24%, P�0.10) compared with cows producing [�]
RFI progeny. In their study 85% of the calf death loss
occurred before 2 mo of age and nearly half occurred
near birth. The reason for the high baby calf death loss
in [�] RFI cows and heifers is uncertain, though recent
discoveries surrounding the physiological and biochem-

Table 6. Productivity traits in [�] and [�] residual feed intake (RFI, RFIfat and RFIfat & activity) first calf heifers

Heifer RFI groupz Heifer RFIfat group
z Heifer RFIfat & activity group

z

Heifer productivity traits Mean SD [�] [�] Prob. [�] [�] Prob. [�] [�] Prob. SEMy

Heifers exposed to bulls 95 95 98 92 94 96
Heifers pregnant in the fall 73 82 78 77 76 79
Calves born includes 2 twin sets 70 81 75 76 72 79
Calves died 1�4 d of birth, cause unknown 2 6 2 6 1 7
Calves died 1�20 d of birth, cause CD 1 2 1 2 1 2
Calves died 1�4 d of birth, cause accidental 1 1 1 1 1 1
Calving difficulty (CD)x (%) 7.95 7.14 8.64 0.734 6.67 9.21 0.563 5.56 10.13 0.300
Total calf death loss (%) 8.61 5.71 11.11 0.238 5.33 11.84 0.154 4.17 12.66 0.063
Partial calf death loss, cause unknown (%) 5.30 2.86 7.41 0.213 2.67 7.89 0.152 1.39 8.86 0.041
Weaning ratev (%) 71.58 68.42 74.74 0.335 71.43 71.74 0.962 72.34 70.83 0.818
Heifer age at first calving (mo) 23.48 0.47 23.50 23.46 0.617 23.46 23.46 0.991 23.4 23.5 0.842 0.05
Calf birth weight (kg) 36.8 4.5 37.0 36.1 0.218 36.6 36.5 0.871 36.3 36.7 0.544 0.4
Calf age at weaning (d) 221.8 22.3 219.8 222.0 0.277 221.5 221.6 0.931 220.6 222.3 0.725 1.2
Calf pre-weaning ADG (kg d�1) 0.99 0.12 1.00 0.98 0.378 0.98 0.99 0.448 0.99 0.98 0.850 0.01
Calf actual wean weight (kg) 255.4 27.8 254.2 252.1 0.687 251.4 255.0 0.446 253.6 253.7 0.981 3.0
Calf 200-day wean weight (kg) 235.6 25.0 236.0 231.7 0.306 231.8 234.8 0.460 233.8 233.7 0.985 2.5
Heifer productivityu (kg heifer�1) 188.6 121.3 181.0 193.7 0.503 186.3 190.7 0.812 191.9 184.4 0.689 12.3

zRFI is adjusted for on-test growth rate and on-test metabolic mid-point weight, RFIfat is adjusted for on-test growth rate, on-test metabolic mid-
point weight and ultrasound backfat thickness at end of test and RFIfat & activity is adjusted for on-test growth rate, on-test metabolic mid-point
weight, ultrasound backfat thickness at end of test and feeding frequency ([�] RFI, RFIfat or RFIfat & activity B 0.00; [�]RFI, RFIfat or
RFIfat & activity ]0.00).
yStandard error of least squares mean is the same for each method of calculating RFI within trait.
xCalving difficulty refers to calves that were delivered by hard manual pulls (calf puller used) or by Caesarean section.
wCalf death loss minus difficult birth (one [�] and two [�] RFI calf) and accidental death (one [�] and one [�] RFI calf). All calves died within 1
mo of birth.
vPer heifer exposed to bulls through natural service. Twins were counted as one heifer weaning a calf since one of each pair was mothered by another
cow.
uFirst calf heifer productivity is refined as kg calf weaned per heifer exposed to breeding.
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ical mechanisms underlying low feed efficiency may hold
the answer (Bottje and Carstens 2009; Kelly et al. 2011).
Energetically inefficient or [�] RFI livestock are lower
in muscle and liver mitochondrial respiration rate
(Kolath et al. 2006), ADP-controlled oxidative phos-
phorylation (Carstens and Kerley 2009) and mitochon-
drial complex protein content (Kelly et al. 2011), and
higher in mitochondrial derived reactive oxygen species
production (Bottje and Carstens 2009), uncoupling
protein 3 mRNA (UCP3 a trigger of mitochondrial
proton leak in muscles; Ojano-Dirain et al. 2007; Kelly
et al. 2011) and protein carbonyl level (Ojano-Dirain
et al. 2007) compared with efficient or [�] RFI animals.
Increased protein carbonyl levels are indicative of
oxidation stress and, along with increased levels of
reactive oxygen species and proton leakage, would result
in greater protein oxidation and damage to DNA. These
changes may alter cell-mediated immunity and cause
inefficient dams and their offspring to be more suscep-
tible to stressful conditions (van Eerden et al. 2004).
Alternatively, the improved early life survival of pro-
geny from [�] RFI mothers may be due to their
improved feed efficiency resulting in more available
nutrients and a better uterine environment compared
with [�] RFI mothers. Despite the finding that a
significant difference was observed in calf death loss
between [�] and [�] RFI dams, more work is needed to
verify these results since the numbers of calves that died
were relatively small.

CONCLUSIONS
These results show that when RFI was adjusted for
backfat thickness and feeding behaviour no differences
were observed in pregnancy rate, calving pattern and
productivity in beef heifers. However, if RFI is not
adjusted for body fatness and feeding behaviour then
selection for efficient heifers may contribute to reduced
pregnancy rates. The two- to threefold increase in calf
death loss observed for inefficient heifers requires
further research to understand why the offspring from
these heifers are more stress susceptible.
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