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Abstract. The objective of this experiment was to quantify differences in feed efficiency and feeding behaviour of
470 heifers and steers by Brahman, Belmont Red, Santa Gertrudis, Angus, Hereford, Shorthorn, Charolais and Limousin
sires mated to Brahman dams. Animals were bred in subtropical Queensland and finished in a temperate New South Wales
feedlot. Animals averaged 598 days of age and 425.8 kg at the start of the feed intake test period. Sire breeds did not differ for
eating rate, feed conversion ratio or relative growth rate. Generally, higher daily feed intakes (DFI) correspondedwith higher
average daily gains (ADG). Straightbred Brahmans fed themost frequently (16.6� 0.8 sessions/day;P < 0.05) but spent the
least time eating of all breeds (67.4 � 2.7 min/day; P < 0.001). Least squares means for Brahman, Belmont Red, Santa
Gertrudis, Angus, Hereford, Shorthorn, Charolais and Limousin sired progeny, respectively, for residual feed intake
(RFI; P < 0.05) were 0.02 � 0.16, 0.14 � 0.13, –0.10 � 0.23, 0.54 � 0.17, –0.27 � 0.18, 0.29 � 0.18, –0.46 � 0.16 and
–0.21 � 0.13 kg/day, and for ADG (P < 0.001) were 1.06 � 0.05, 1.17 � 0.04, 1.52 � 0.08, 1.47 � 0.06, 1.46 � 0.06,
1.46� 0.06, 1.35� 0.06 and 1.38� 0.05 kg/day. While straightbred Brahmans did not differ from all other sire breeds for
RFI, their lower appetite relative to crossbred contemporaries resulted in the lowest DFI (P < 0.001) and lowest ADG
(P < 0.001) overall. Angus sired crosses were the least efficient feeders and spent the most time eating, consumed the most
feed and had the highest RFI, but were not significantly different to Santa Gertrudis and Shorthorn crosses for these traits.
Angus sired crosses spent 24.1 and 15.4 min/day more time eating (P < 0.001) than straightbred Brahmans and Charolais
crosses, and consumed 35 and 13%more feed (P < 0.001) respectively. Charolais sired crosses were the most feed efficient
with the lowest RFI and intermediate DFI, and did not differ significantly from the highest ranking sire breeds for ADG or
Kleiber ratio.While Belmont Red crosses did not differ from all breeds for RFI, they had significantly lowerDFI thanBritish
andSantaGertrudis crosses resulting in lowerADG(P<0.001) relative to these sire breeds.Therefore, selectionofCharolais,
Hereford, Limousin and Santa Gertrudis sire breeds would result in the most feed efficient (low RFI) crosses with Brahman
without any sacrifice in ADG.

Introduction

Apercentage ofBrahman content in northernAustralian breeding
herds is essential for adaptation and survival in subtropical and
grassland extensive grazing environments. More than 50% of the
national herd is estimated to have some Brahman genes (Bindon
2002). Of the total 666 000 head of cattle in Australian feedlots in
March 2004, Queensland held nearly half of these (Australian
Bureau of Statistics 2005). Feedlot finishing of Brahman
crossbred cattle in subtropical environments has been shown
to improve carcass and meat quality attributes, including
objective and sensory tenderness, and decrease age at
slaughter by 7 months relative to pasture finishing (Schutt
et al. 2009a, 2009b). With markets demanding a reliable
supply of beef of consistently high eating quality, feedlot

finishing is becoming standard practice in northern beef
production systems targeting domestic and premium export
markets. However, straightbred Brahman cattle have a
reputation for poorer growth in feedlots relative to other
breeds and crossbreds and this has been attributed to breed
differences in feed intake and feed utilisation.

The literature generally agrees that genetic variation in feed
efficiency exists (review by Archer et al. 1999). These variations
in feed efficiency potentially represent an opportunity for
beef producers to significantly reduce production costs by
reducing feed intake while maintaining growth rate. A study
by Richardson et al. (1998) found high efficiency steers [low
residual feed intake (RFI)] grew as fast as or faster than low
efficiency steers but ate less feed per unit gain. However, RFI
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has been reported to have high genetic correlations with rump
and rib fat and intramuscular fat percentage (0.72, 0.48 and 0.22
adjusted for age; Robinson andOddy 2004). Therefore, selection
of breeds or sires within breed for lower RFI may lead to a
consequent decrease in carcass fatness, which may also have
implications for female fertility (review by Pitchford 2000).
Further, selection for RFI may produce changes in the calpain
system, which may consequently affect meat tenderness
(McDonagh et al. 2001). Other studies report only small
positive correlations between RFI or feed conversion ratio
(FCR) and fatness (Arthur et al. 2001; Richardson et al.
2001). Though antagonistic correlations between slaughter and
breeding herds may be overcome through use of economic
selection indices, development of feed efficiency estimated
breeding values (EBV) is still in its early stages and
measurement of individual feed intake remains expensive.
Hence, selection of breeds that have high feed efficiency (low
RFI) for the same level of gain as low efficiency breeds, coupled
with crossbreeding, may overcome some of the problems
associated with within-breed selection.

Evidence from the literature indicates that both genetic and
environmental factors affect the way in which nutrients are used
by beef cattle. A review by Ferrell and Jenkins (1985) suggested
70–75% of total annual energy requirements are required for
maintenance functions. A review by Arthur (2000) concluded
that differences in efficiency of maintenance exist between
breeds, and these differences are correlated with differences in
productive potential of breeds. Efficiency of feed utilisation has
several variable components including feed intake, digestion of
feed, metabolism (including variation in body composition),
activity and thermoregulation (reviews by Archer et al. 1999;
Herd et al. 2004). Early research on tropically adapted
genotypes (Vercoe 1967, 1970; Frisch and Vercoe 1969, 1977;
Vercoe et al. 1972) shows there are differences in feed intake,
eating rate, weight gain, metabolic rate and efficiency of feed
utilisation between breeds and across different environments.
However, those early studies were based on low numbers of
animals and did not include representatives of the large
Continental breeds that have since been imported to Australia.
Studies byCundiff et al. (1984),Huffman et al. (1990) andFerrell
et al. (2006) examined Bos taurus · Bos indicus cattle relative to
their B. taurus contemporaries, and Robinson and Oddy (2004)
reported feed efficiency of tropically adapted breeds relative to
temperate breeds. However, there is a deficiency in research
examining feed efficiency of B. indicus breeds and their
crossbreeds. Quantifying the efficiency of feed utilisation of
B. indicus relative to B. taurus · B. indicus is the next step in
improving production efficiency and economic profitability
for northern Australian beef producers and the feedlot sector.
The objective of this experiment was to quantify differences
in feed efficiency and feeding behaviour of straightbred
Brahmans v. Brahman crossbreds finished to Australia’s two
main premium beef export markets.

Materials and methods

Experimental design and animals
Full details of the experimental design, measurements and data
storage for the Cooperative Research Centre for Cattle and Beef

Industry (Meat Quality) (Beef CRC) Northern Crossbreeding
Programwere described byUpton et al. (2001). Briefly, eight sire
breeds including Brahman (purebred control), Santa Gertrudis,
Belmont Red, Angus, Hereford, Shorthorn, Charolais and
Limousin were mated naturally and by artificial insemination
(AI) to 1000 Brahman females over 3 years to produce
1750 Brahman and first-cross progeny at two properties in
subtropical central Queensland. The optimal number of sires,
offspring per sire and number of link sires between herds
and allocation of animals to treatment combinations were
described by Robinson (1995). This study was based on a
subset of animals from the Northern Crossbreeding Program.
Table 1 shows the number of sires per breed and the number
and sex of progeny per sire breed analysed for feed efficiency
after data edits were applied.

Calves were weaned in 1996, 1997 and 1998 at about
6 months of age. Following weaning, one-third of the calves
were grown out on temperate pastures at Glen Innes Research
Station (native and introduced pastures, described by Ayres
et al. 2001) or ‘Tullimba’ Beef Research Facility (native
wallaby grass, Austrodanthonia spp.) in north-eastern
New South Wales to the 400 kg feedlot entry weight for
Korean and Japanese markets (n = 511). A cohort was
defined by a combination of sex, market endpoint and year of
birth. All animals within a cohort were managed as a single
group during grow-out and finish. Calves were fed in ‘Tullimba’
feedlot for an average of 112 and 164 days to carcass
weights of 288 � 1 and 327 � 2 kg for the Korean and
Japanese markets respectively.

Data edits
During the period in the feedlot, individual feed intakes of a
standard finisher ration [minimum 11.8 MJ metabolisable
energy (ME)/kg with a minimum of 150 g crude protein
per kg dry matter (DM)] offered ad libitum were recorded
using automatic individual feed intake recorders. The
automatic feed intake recorders at ‘Tullimba’ are described
by Bindon (2001). Because the ME of the feed ranged
between 11.8 and 12.4 MJ ME/kg DM in finishing rations for
the different cohorts, all feed intake records were adjusted to
12 MJ ME/kg DM. All animals were given a minimum 21-day
introductory period to the feedlot rations, followed by a 7-day
adjustment period during which time they learned to use the

Table 1. Number of sires and progeny per sire breed

Sire breed No. of
sires

Heifer
progeny

Steer
progeny

Total

Brahman 14 34 43 77
Belmont Red 14 36 60 96
Santa Gertrudis 8 15 17 32
Angus 10 18 25 43
Hereford 8 19 17 36
Shorthorn 7 16 18 34
Charolais 15 40 34 74
Limousin 14 33 45 78

Total 90 211 259 470

Feed efficiency of Brahman crossbred cattle Animal Production Science 453



automatic feeders. Only those animals that adapted well to the
grain-based diets and learned to use the automatic feeders
efficiently were used in the analyses. Animals fed for less than
48 days in the automatic feeders, due to sickness or shy feeding,
were excluded from the analysis (n = 35).

In order to accurately measure feed efficiency, a test length of
no less than 35 days is recommended for collection of feed
intake data (Archer et al. 1997; Wang et al. 2006). A test
period of 70 days (including fortnightly weighing) is
recommended for accurate measurement of growth rate, feed
conversion and RFI (Archer et al. 1997), though Wang et al.
(2006) reported test durations for average daily gain (ADG) and
RFI could be shortened to 63 days and FCR to 42 days without
significantly reducing test accuracy. Due to the 21-day
introductory period to the feedlot rations, the adjustment
period in the automatic feeder pens, limited capacity in the
automatic feeder pens, and market constraints on final
liveweight and total days on grain, it was not possible to
measure feed intake on all animals for the recommended
70 days plus the adjustment period (Robinson 2000).
A compromise was based on a study of 1165 straightbred
temperate and tropical breed animals at ‘Tullimba’, which
reported feed intake measurements were reasonably repeatable
(Robinson 2000). Hence, individual feed intakes were
recorded for an average of 60 and 61 days for Korean and
Japanese market animals, including the adjustment period in
the automatic feeders. Growth curves, including liveweights
before feedlot entry through to slaughter, indicated linear
growth for the cohorts (Fig. 1 shows a typical cohort growth
curve). Weights were measured at 7-day intervals from entry to
the automatic feeder pens. Given diet remained constant
and growth checks were limited to 7 days upon entering the
automatic feeder pens, daily feed intakes were excluded for the
first 7 days in the automatic feeders rather than the standard
21-day protocol. Analyses using a 14-day adjustment period to

the automatic feeder pens yielded consistent sire breed rankings
and significance to results for the 7-day adjustment period. It was
concluded that a longer period on test would present more
accurate results (53 v. 46 days for 7- v. 14-day adjustment
periods respectively). Results from the 7-day adjustment
period are presented in this paper.

Each trait was examined for outliers. Outliers were defined
as data points that fell more than three standard deviations from
the mean for each trait. Individual feed intake sessions (n1), feed
intake for an animal for 1 day of the test period (n2), or all feed
intake records for an animal over the duration of the study (n3)
were only excluded from the analysis if there appeared to be
measurement error. Individual feed intake sessions were
excluded from the analysis when they exceeded both
thresholds of being less than 0.876 kg of feed consumed at
one feeding session and time taken to eat 1 kg of feed (eating
rate) was more than 16.197 min (n1 = 43). This mainly included
records where animals spent a long time standing inside the
feeders without the primary purpose of feeding. Feed intake
records from individual visits to the feed bunks were also
excluded if there were problems with the feed recorders on
particular days and the quality of the feed intake records
were compromised (n2). Animals that had average daily gain
less than 0.3 kg/day were checked individually for daily feed
intake and feeding behaviour over the duration of the test for
evidence of illness or feeding problems. In all cases, low average
daily gain was due to low feed intake throughout the test period,
likely due to lower appetite relative to contemporaries. These
animals remained in the analysis. Six outliers (n3) for FCR were
excluded because they fell more than three standard deviations
from themean (FCR less than –24.4 or greater than 45.8) causing
a distortion of the results. The FCR outliers excluded from the
analyses were 6 of the 19 animals with an average daily gain less
than 0.3 kg/day. Consequently, the feed efficiency analyses
included 365 295 individual feed intake sessions (n1) and
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Fig. 1. Growth curve showing mean liveweights for one Japanese steer cohort.
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24 894 individual feed intake days (n2) from 470 animals (n3)
recorded for feed intake over the duration of the study.

Statistical analyses
The feed efficiency traits analysed in this study and their
definitions are described in Table 2. Liveweights and daily
feed intake (DFI) were used to calculate average daily gain
(ADG) by regression, FCR, RFI by regression, Kleiber ratio
(KR) and relative growth rate (RGR). ADGwas calculated as the
regression of liveweight on time (days) for start, interim and end
weights using the REG procedure of SAS (SAS 2000). RFI was
calculated as DFI less expected DFI (expFI), where expFI was
obtained by the regression of DFI on average test period
liveweight (MWT) to the 0.75 power and ADG. RFI was
calculated within sex using the GLM procedure of SAS (SAS
2000). Year of birth was fitted as a class variable. RGR expressed
as the percentage of weight change per day was also calculated
(Fitzhugh and Taylor 1971). The Australian standard of 70 days
on test was used to calculate end of test weight andRGR. Feeding
behaviour traits including time spent eating per day (TIME), time
to eat 1 kg of feed (eating rate) and number of feeding sessions
per day (SESS) were also assessed.

Least squares means for breed effects were estimated using
the GLM procedure of SAS (SAS 2000). Fixed effects in the
model included sire breed and a concatenated variable including
sex, market, year of birth and herd of origin. Sire nested within
breed was fitted as a random effect and was also used as the error
term.Age at the start of the test period (STAGE) andweight at the
start of the test period (STWT) were fitted as covariates for all
traits in separate analyses, with the exception of RFI with
STWT. An unadjusted analysis was run for all feed efficiency
traits as well as STAGE, STWT and metabolic mid-weight
(MMWT). There was little change in the magnitude of least
squares means, significance or breed rankings between the two
covariates and unadjusted analyses. However, R-square values
were higher for all traits when STWT was fitted as the covariate.
The multiple range test devised by Duncan (1955) and extended

by Kramer (1957) was used to test for significant differences
between means.

The model used to analyse STAGE, STWT, MMWT, DFI,
expFI, RFI, ADG, FCR, KR, RGR, eating rate, TIME and SESS
(unadjusted) was:

yijkl ¼ mþ breedj þ otherFEk þ sirelð jÞ þ eijkl ð1Þ
where yijkl is the observation for a dependent variable for
animal i, m is the overall mean, breedj is the effect of the jth
sire breed, otherFEk is the effect of the kth group that accounts
for all other fixed effects concatenated into one variable (sex ||
market || year of birth || herd of origin), sirel(j) is the random effect
of the lth sire nested within the jth breed, and eijkl is the residual
error term.

Themodel used to analyseDFI, expFI,ADG, FCR,KR,RGR,
eating rate, TIME and SESS adjusted to a common starting
weight was:

yijkl ¼ mþ breedj þ otherFEk þ sirelð jÞ þ b1STWTijkl þ eijkl
ð2Þ

where yijkl is the observation for a dependent variable for
animal i, m is the overall mean, breedj is the effect of the
jth sire breed, otherFEk is the effect of the kth group that
accounts for all other fixed effects concatenated into one
variable (sex || market || year of birth || herd of origin),
sirel(j) is the random effect of the lth sire nested within the
jth breed, STWTijkl is the linear effect of the weight of the
animal at the start of the feed intake test fitted as a covariate,
and eijkl is the residual error term.

The model used to analyse DFI, expFI, RFI, ADG, FCR, KR,
RGR, eating rate, TIME and SESS adjusted to a common
starting age was:

yijkl ¼ mþ breedj þ otherFEk þ sirelðjÞ þ b1STAGEijkl þ eijkl
ð3Þ

Table 2. Abbreviations and definitions of feed efficiency traits reported in this study

Abbreviation Definition of traits

STAGE (days) Age at the beginning of test period
STWT (kg) Liveweight at beginning of test period
ENDWT (kg) Liveweight at end of test period
MWT (kg) Average test period liveweight. MWT = (STWT + ENDWT)/2
MMWT (kg) Metabolic mid-weight. MMWT = MWT0.75

DFI (kg) Daily feed intake adjusted to 12 MJ metabolisible energy/kg dry matter
ADG (kg) Average daily gain. Regression coefficient from the regression of weight on time (day)
FCR Feed conversion ratio. Feed intake per unit weight gain. FCR = DFI/ADG
expFI Expected feed intake. Regression of feed intake on MWT0.75 and ADG
RFI Residual feed intake. Feed intake net of expected feed requirements for maintenance and growth.

RFI = DFI – expFI
RGR (%) Relative growth rate. Growth relative to instantaneous size. RGR = 100 · (log end weight – log

start weight) � days on test (Fitzhugh and Taylor 1971)
KR Kleiber ratio. Weight gain per unit metabolic bodyweight. KR = 100 · (ADG/MWT0.75)
TIME (min) Time spent eating per day
Eating rate (min/kg) Time to eat 1 kg feed
SESS Number of feeding sessions per day
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where yijkl is the observation for a dependent variable for animal
i, m is the overall mean, breedj is the effect of the jth sire breed,
otherFEk is the effect of the kth group that accounts for all other
fixed effects concatenated into one variable (sex || market || year
of birth || herd of origin), sirel(j) is the random effect of the lth
sire nested within the jth breed, STAGEijkl is the linear effect of
age of the animal at the start of the feed intake test fitted as a
covariate, and eijkl is the residual error term.

Results

Animals averaged 598 days of age and 425.8 kg at the start of the
feed intake test period. Sire breed effects on STAGE, STWT and
MMWT are presented in Table 3. Straightbred Brahmans were
youngest but did not differ in age to Belmont Red- or Limousin-
sired crosses, which did not differ in age to Santa Gertrudis or
Charolais crosses. British crosses were the oldest at the start of
test as a result of all being conceived by AI. Straightbred
Brahman and Belmont Red crosses were significantly lighter
than all other crosses at the start of the test.

There were few differences in breed rankings and
significance between unadjusted, age-constant and weight-
constant results. Age-constant results are presented in Tables 4
and5. Therewas no difference between sire breeds for FCR,RGR
and eating rate. Angus sired crosses were the least efficient
feeders and spent the most time eating, consumed the most

feed and had the highest RFI. Angus sired crosses spent
24.1 and 15.4 min/day (P < 0.001) more time eating than
straightbred Brahmans and Charolais crosses, and consumed
35 and 13% (P < 0.001) more feed respectively. Straightbred
Brahmans did not differ significantly from all breed crosses for
RFI, but had the lowest appetite, which resulted in the lowest
DFI, TIME and ADG (P < 0.001). Straightbred Brahmans were
the most frequent feeders but only differed to Belmont Red
and Shorthorn sired crosses for SESS (P < 0.05). Aside from
SESS, straightbred Brahmans did not differ significantly from
Belmont Red crosses for any trait. Belmont Red crosses did not
differ significantly from Continental crosses for DFI and ADG,
and did not differ significantly from all other crosses for eating
rate, TIME, SESS, RFI, FCR, RGR and KR (except Santa
Gertrudis crosses). Santa Gertrudis crosses performed similarly
to British crossbreds for all traits. British and Santa Gertrudis
crosses had the highest DFI but did not differ significantly to
Continental breed crosses for eating rate, SESS, FCR, ADG,
KR and RGR. Charolais crosses differed from Angus and
Shorthorn crosses for RFI (P < 0.05). Charolais crosses were
the most feed efficient with the lowest RFI and intermediate
DFI, and did not differ significantly from the highest ranking
sire breeds for ADG, FCR, KR and RGR.

Discussion

Sire breed differences for feed efficiency

Studies examining breed differences for feed efficiency are few,
particularly for B. indicus v. B. indicus · B. taurus crosses.
Historically, the high cost and logistics of reliably measuring
individual feed intakes in commercial feedlot-type environments
has been prohibitive. Hence, there are limited studies that include
RFI with which to make comparisons. Moore et al. (2005)
reported ADG, DFI, FCR and RFI on this crossbred dataset
but had differing results based on alternative methods of trait
calculation and data editing. Their study excluded animals with
ADG less than 0.5 kg/day and DFI less than 300 g/day, did
not allow for an adjustment period in the automatic feeders,
and did not adjust for differences in MJ ME/kg DM between
cohorts. The importance of an adjustment period in the
automatic feeders before the on-test period is discussed by
Robinson (2000). Preliminary analyses from our study that

Table 3. Least squares means � s.e. for effect of sire breed on starting
age, starting weight and metabolic mid-weight (unadjusted)

See Table 2 for abbreviations and definitions of feed efficiency traits

Sire breed STAGE (days) STWT (kg) MMWT (kg)

Brahman 571 ± 3 369.8 ± 5.5 90.2 ± 1.0
Belmont Red 577 ± 3 394.0 ± 4.6 94.9 ± 0.8
Santa Gertrudis 593 ± 5 437.9 ± 9.1 104.2 ± 1.6
Angus 601 ± 4 471.8 ± 6.8 109.3 ± 1.2
Hereford 607 ± 4 463.3 ± 7.1 107.9 ± 1.3
Shorthorn 606 ± 4 465.8 ± 7.1 108.4 ± 1.3
Charolais 593 ± 4 456.1 ± 6.4 106.1 ± 1.1
Limousin 587 ± 3 438.8 ± 5.1 103.5 ± 0.9

l.s.d. (P = 0.05) 16 29 5.2
P < 0.001 P < 0.001 P < 0.001

Table 4. Least squares means � s.e. for effect of sire breed on feed efficiency traits adjusted to a constant starting age
See Table 2 for abbreviations and definitions of feed efficiency traits. Average starting age is 598 days. n.s., not significant

Sire breed DFI (kg/day) RFI (regression)
(kg/day)

ADG (regression)
(kg/day)

FCR KR RGR (%)

Brahman 10.142 ± 0.267 0.015 ± 0.155 1.064 ± 0.054 10.60 ± 0.50 1.15 ± 0.05 0.256 ± 0.010
Belmont Red 11.070 ± 0.221 0.140 ± 0.128 1.166 ± 0.045 10.23 ± 0.42 1.20 ± 0.04 0.264 ± 0.009
Santa Gertrudis 12.679 ± 0.402 –0.099 ± 0.234 1.518 ± 0.081 8.69 ± 0.76 1.45 ± 0.07 0.310 ± 0.016
Angus 13.574 ± 0.300 0.542 ± 0.174 1.465 ± 0.061 10.12 ± 0.56 1.36 ± 0.05 0.287 ± 0.012
Hereford 12.525 ± 0.318 –0.267 ± 0.185 1.456 ± 0.064 9.29 ± 0.60 1.37 ± 0.06 0.290 ± 0.012
Shorthorn 13.174 ± 0.317 0.291 ± 0.184 1.463 ± 0.064 9.58 ± 0.60 1.36 ± 0.06 0.288 ± 0.012
Charolais 12.039 ± 0.284 –0.457 ± 0.165 1.345 ± 0.057 9.85 ± 0.53 1.26 ± 0.05 0.268 ± 0.011
Limousin 12.128 ± 0.230 –0.210 ± 0.134 1.376 ± 0.047 9.33 ± 0.43 1.32 ± 0.04 0.282 ± 0.009

l.s.d. (P = 0.05) 1.298 0.743 0.258 2.45 0.226 0.052
P < 0.001 P < 0.05 P < 0.001 n.s. P < 0.05 n.s.
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excluded an adjustment period for the automatic feeders showed
respective traits held relatively stable for sire breed ranking
between unadjusted and adjusted analyses, but not for
magnitude and significant differences between sire breeds. In
contrast to the results of Moore et al. (2005), this study found no
difference between Belmont Red and Continental crosses for
ADG and DFI. Furthermore, Moore et al. (2005) ranked
straightbred Brahmans lowest for RFI (–0.61) and significantly
different to Angus, Shorthorn and Belmont Red crosses,
whereas our results ranked straightbred Brahmans
intermediately for RFI (0.02) and not significantly different to
all other breed crosses. The different results for straightbred
Brahmans were likely due to the fact that Brahmans had
relatively low DFI and ADG due to low appetite (apparent by
examination of their feed intake records over the test period)
rather than feeding problems, and hence were excluded from
the Moore et al. (2005) study unnecessarily.

Studies between B. taurus and B. taurus · B. indicus crosses,
though not strictly comparable, show breed trends for feed
efficiency that generally support our findings. Huffman et al.
(1990) found no significant difference between 25, 50 and 75%
Brahman ·Angus crossbred steers for ADG, feed : gain ratio or
empty rumen feed : gain ratio whenfinished for 107 days on feed
to similar end weights as our crossbreds, whereas the 50 and 75%
Brahman content steers did not differ significantly for daily DM
intake and empty rumen ADG. This is consistent with our results
for Brahman · British breed crosses (including Santa Gertrudis
crosses) for DFI, ADG and FCR. Frisch and Vercoe (1977)
reported that feed intake per kg liveweight was consistently
and significantly highest for Hereford · Shorthorn (HS)
relative to Africander · HS and Brahman · HS when fed
ad libitum lucerne, which is consistent with our DFI findings
for British crosses relative to Belmont Red crosses and
straightbred Brahmans. Cundiff et al. (1984) reported the
ADG of Brahman sired crosses from Angus and Hereford
cows tended to be lower during the postweaning period while
being fed a high concentrate diet relative to Angus or Hereford
sired calves, which is consistent with our ADG results for
Brahmans relative to British and Santa Gertrudis sired calves,
though our crosses were older and heavier on test. Similarly to

Moore et al. (2005) and a study by Fan et al. (1995), we found
progeny of Hereford sires had lower RFI than Angus sired
calves. However, our study did not find higher RFI was
associated with higher ADG of the Angus sires relative to the
Hereford sires, as reported by Fan et al. (1995). Similarly to our
results for FCR, Cundiff et al. (1984) and Fan et al. (1995)
reported no difference between breed groups for gross feed
efficiency.

A study including feed efficiency and feeding behaviour of
tropically adapted (Brahman, Belmont Red, Santa Gertrudis) and
temperate (Angus, Hereford, Murray Grey, Shorthorn)
straightbreds finished to three market weights under the same
experimental protocols as this experiment was reported by
Robinson and Oddy (2004). Relative to our means for
respective markets and traits, Robinson and Oddy (2004)
reported similar mean DFI (11.9 � 2.0 kg/day) and FCR
(9.8 � 2.1) and lower mean MMWT (93.9 � 8.8 kg) and ADG
(1.27 � 0.32 kg/day) for tropically adapted straightbreds, which
were older than our crossbreds at the start of test (mean 717 �
80 days). Hence, despite little difference inDFI, tropically adapted
straightbreds had similar FCRand lowerADG relative toBrahman
crossbreds in this experiment. Relative to temperate straightbreds,
tropically adapted straightbreds had lower DFI (1.0 kg; 7.8%),
lower MMWT (4.1 kg; 4.2%), lower ADG (0.06 kg/day; 4.5%),
higherRFI (0.11; 3.9%) and lowerFCR(0.4; 3.9%) forKorean and
Japanesemarkets. Our results were consistent in direction for DFI,
MMWT and ADG for British crossbreds v. tropically adapted
crossbreds; however, the trend was the reverse for RFI and FCR
whereby our tropically adapted sire breeds had lower RFI (more
desirable) and higher FCR (less desirable; n.s.) than British sire
breeds.

A study by Robinson et al. (1997) of Angus, Shorthorn,
Hereford, Murray Grey, Santa Gertrudis and Brahman steers
finished to Korean and Japanese weights reported that
B. indicus animals with higher feed intake gained weight faster
in the feedlot. This was consistent with our results for Brahman,
Belmont Red and Santa Gertrudis sired crosses for DFI and
ADG. However, this trend did not follow for Angus sired
crosses (highest DFI) relative to significantly lower DFI breeds
(Charolais and Limousin crosses) in our experiment where these
sire breeds did not differ forADG. Schenkel et al. (2004) reported
similar breed rankings for young Charolais, Limousin, Hereford
and Angus beef bulls for RFI (by regression) relative to our
results, though Charolais crosses had lower RFI than Limousin
crosses in our study. Similarly to Schenkel et al. (2004),we found
Charolais and Limousin crosses had lower DFI than Angus
crosses. In contrast, we found no difference between the four
respective sire breeds for ADG or FCR.

Sire breed differences for feeding behaviour

Relative to our means for respective markets and traits,
Robinson and Oddy (2004) reported slightly higher TIME
(84 � 23 min) and SESS (15.6 � 7.9) for the tropically
adapted straightbreds (Brahman, Belmont Red and Santa
Gertrudis). Despite no difference in feed intake, tropically
adapted straightbreds in the Robinson and Oddy (2004)
experiment spent more time eating and had more SESS than
Brahmans and Brahman crossbreds in this experiment. More

Table 5. Least squares means � s.e. for effect of sire breed on feeding
behaviour adjusted to a constant starting age

See Table 2 for abbreviations and definitions of feed efficiency traits.
Average starting age is 598 days. n.s., not significant

Sire breed Eating rate
(min/kg)

TIME
(min/day)

SESS
(per day)

Brahman 6.63 ± 0.23 67.43 ± 2.74 16.6 ± 0.8
Belmont Red 7.25 ± 0.19 79.18 ± 2.27 11.9 ± 0.7
Santa Gertrudis 7.05 ± 0.35 88.14 ± 4.13 13.9 ± 1.3
Angus 6.77 ± 0.26 91.46 ± 3.08 14.7 ± 0.9
Hereford 7.14 ± 0.28 87.54 ± 3.27 14.8 ± 1.0
Shorthorn 6.87 ± 0.28 88.44 ± 3.25 12.0 ± 1.0
Charolais 6.40 ± 0.25 76.07 ± 2.91 13.9 ± 0.9
Limousin 6.76 ± 0.20 81.26 ± 2.36 13.1 ± 0.7

l.s.d. (P = 0.05) 1.13 13.34 4.2
n.s. P < 0.001 P < 0.05
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frequent but shorter feeding sessions for straightbred Brahmans
in this study were consistent with studies by Robinson et al.
(1997) and Robinson and Oddy (2004), but we found no in
difference in SESS between Brahmans and British, Continental
and Santa Gertrudis crosses, except Shorthorn crosses. Further, in
contrast to results reported by Robinson and Oddy (2004), we
found no difference in eating rate between sire breeds, possibly a
result of the 50% or greater Brahman content of our crosses
resulting in smaller differences between sire breeds relative to
tropically adapted straightbreeds. A study of HS, Brahman · HS
and Africander · HS found eating rate was highly correlated with
liveweight (Frisch and Vercoe 1977), though differences between
breeds were not significant. Similarly, we found no difference
between sire breeds for eating rate.

Mechanisms affecting variation in feed efficiency

Within-breed selection of animals that eat less for the same
liveweight and weight gain has led to the conclusion there is
genetic variation in the utilisation of feed. This biological
difference in efficiency of feed utilisation has been credited to
variation in feed intake, digestion of feed, tissue turnover,
metabolism (anabolism and catabolism associated with and
including variation in body composition), activity, feeding
patterns and thermoregulation (Richardson et al. 1999; Oddy
and Herd 2000; Herd et al. 2004; Richardson and Herd 2004).
Given that selection for weight gain or for RFI is associated
with variation in intake, animals that eat less for the same
performance could be expected to have lower heat production
based on the heat increment of feeding (Oddy and Herd 2000).
What is clear is that no single mechanism is likely to be primarily
responsible for differences in feed efficiency (Oddy and Herd
2000; Richardson and Herd 2004), and for breeds where the
differences are small, the actual magnitude of difference in each
mechanism affecting feed efficiency will be small and difficult to
measure with certainty (Herd et al. 2004).

Bos indicus have a faster fermentation rate, shorter digesta
retention time and higher population of rumen protozoa
(expected to support greater methane emissions), but have
greater efficiency of energy capture relative to B. taurus
(Hegarty 2000). Studies by Vercoe (1967) and Vercoe et al.
(1972) reported DM and nitrogen digestibilities were
consistently higher in Brahman · Hereford and Brahman · HS
steers relative to Hereford and HS steers; however, breed
differences were not significant on low quality diets.
Conversely, Boyles (1986) found Brahman · Angus crosses
had higher faecal DM content than Angus steers, though
digestibility coefficients were similar for two breed groups and
there were no significant breed effects on heat production
and respiratory rate. Frisch and Vercoe (1969) reported that
lower feed intakes in Brahmans relative to Africanders and
Shorthorn · Herefords (weight adjusted) fed ad libitum
lucerne was likely due to lower maintenance requirements in
the Brahmans. Another study by Vercoe (1970) suggested the
lower fasting metabolism of Brahmans relative to Africander and
HS bulls aged 13–22 months (P < 0.05) may have been due to a
lower requirement for energy to carry out functions of basal
metabolism, or if they had similar requirements, Brahmans may
have been able to use the energy released by biochemical

processes occurring at basal conditions more efficiently.
Therefore, it appears that B. indicus cattle require lower feed
intake relative toB. taurus genotypes in order tomeetmaintenance
requirements. Frisch and Vercoe (1977) concluded that as
B. indicus evolved under poor nutrition they will have
automatically been selected for low fasting metabolism (good
survival ability) and low voluntary feed intake, resulting in low
growth rates under good conditions relative to B. taurus breeds.
This would apply to our study. Despite no differences between
straightbred Brahmans and all crossbreds for RFI and FCR,
straightbred Brahmans had lower ADG as a result of lower DFI
due to lower appetite.

Implications to breed selection for feed efficiency

Sire breed differences exist for feed efficiency and feeding
behaviour. Generally, increased DFI corresponds with
increased ADG; however, Continental breed crosses tend to
utilise feed more efficiently than British breed crosses. While
use of straightbred Brahmans in northern Australia holds no
disadvantage for RFI or FCR relative to Brahman crossbreds,
the inherently lower appetite of straightbred Brahman cattle
results in significantly lower ADG relative to other sire breeds.
Similarly, lowDFI inBelmontRedcrossbreds results in lowADG
relative to British and Santa Gertrudis crossbreds. Selection of
Charolais, Hereford, Limousin or Santa Gertrudis sire breeds
would yield the most feed efficient (low RFI) crosses with
Brahman without any sacrifice in ADG in temperate feedlot
environments.

Efficiencyof beef production depends on feed andother inputs
of all classes of animals in the production system including the
breeding herd and slaughter generation. Single trait selection for
feed efficiency may in fact be detrimental to carcass quality or
meat tenderness in the slaughter generation, or reproduction or
maintenance requirements of the breeding herd. Therefore, both
within- and between- breed selection needs to take into
consideration economically important production and
reproductive traits. The advantage of between-breed selection
for crossbreeding is that many of the antagonistic genetic
correlations between RFI and other production or reproduction
traits that exist within breedsmay be avoided.Crossbreedingmay
also yield advantages in growth rate due to heterosis effects.
Furthermore, crossbreeding allows complementary blending of
production, reproduction and adaptation traits essential for
economic efficiency and profitability of beef production in
northern Australia.
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