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Abstract

This report covers the RV9 to RV13 groups of Angus steers in cohort 3 which were in the
Tullimba residual feed intake (RFI) test facility during the period 23/10/2014 to 01/04/2015.

A summary of cattle performance by group is as follows:

RV9: 114 Angus steers had their first full feed date on 23/10/2014 and finished in the feedlot
on 4/01/2015 (72 trial days). They generally performed well and averaged around 16.3
kg/day feed intake with an average weight gain of 1.47 kg/day (range 0.96 - 2.03 kg/day)
during their 72 day test period, after adaptation to the feeders.

RV10: 57 Angus steers had their first full feed date on 7/01/2015 and finished in the feedlot
on 30/03/2015 (74 trial days). They generally performed well and averaged around 14.2
kg/day feed intake with an average weight gain of 1.53 kg/day (range 1.15 - 2.07 kg/day)
during their 74 day test period, after adaptation to the feeders.

RV11: 76 Angus steers had their first full feed date at Tullimba on 19/01/2015 and finished in
the feedlot on 13/04/2015 (75 trial days). They generally performed well and averaged
around 13.2 kg/day feed intake with an average weight gain of 1.47 kg/day (range 0.80 -
2.01 kg/day) during their 75 day test period, after adaptation to the feeders.

RV12: 250 Angus steers had their first full feed date at Tullimba on 4/03/2015 and finished
in the feedlot on 24/05/2015 (82 trial days). This group generally performed well and
averaged around 14.6 kg/day feed intake with an average weight gain of 1.54 kg/day (range
-0.40 - 2.41 kg/day) during their 82 day test period, after adaptation to the feeders

RV13: 97 Angus steers had their first full feed date at Tullimba on 1/04/2015 and finished in
the feedlot on 14/06/2015 (75 trial days). RV13 generally performed well and averaged
around 12.9 kg/day feed intake with an average weight gain of 1.54 kg/day (range 0.53 -
2.18 kg/day) during their 75 day test period, after adaptation to the feeders.

Retrieval of valid daily feed intake data allows robust estimates of RFl and EBVs. Feed
intake and live weight data from manual weighing was reported to the breeder groups
fortnightly and was be supplied to the Angus Society and BreedPlan via Jim Cook, AGBU. A
digital copy of all project data (including metadata) was provided to MLA on memory sticks.
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Executive Summary

The Tullimba feedlot facility has installed Growsafe feeders that allows the estimation of the
feed use efficiency (RFI) of beef cattle on ad lib feedlot rations. Individual cattle have their
feed intakes and liveweights measured over a period of at least 70 days. These phenotypic
measurements form part of the Beef Information Nucleus (BIN) program of research.

This project involved the testing of 590 Angus steers from October 2014 until April 2015.
There were 5 groups (RV9 — RV13) with an average start weight of 535 kg, average end
weight of 644kg and an average daily gain of 1.52 kg/day.

A summary of the performance of each group is as follows:

RV9: 114 Angus steers averaged around 16.3 kg/day feed intake with an average weight
gain of 1.47 kg/day (range 0.96 - 2.03 kg/day) during their 72 day test period, after
adaptation to the feeders.

RV10: 57 Angus steers averaged around 14.2 kg/day feed intake with an average weight
gain of 1.53 kg/day (range 1.15 - 2.07 kg/day) during their 74 day test period, after
adaptation to the feeders.

RV11: 76 Angus steers averaged around 13.2 kg/day feed intake with an average weight
gain of 1.47 kg/day (range 0.80 - 2.01 kg/day) during their 75 day test period, after
adaptation to the feeders.

RV12: 250 Angus steers averaged around 14.6 kg/day feed intake with an average weight
gain of 1.54 kg/day (range -0.40 - 2.41 kg/day) during their 82 day test period, after
adaptation to the feeders

RV13: 97 Angus steers averaged around 12.9 kg/day feed intake with an average weight
gain of 1.54 kg/day (range 0.53 - 2.18 kg/day) during their 75 day test period, after
adaptation to the feeders.

Estimates of RFI and EBVs were supplied to the Angus Society and BreedPlan by AGBU. A
digital copy of all project data (including metadata) was provided to MLA.
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1 Background

1.1 RFlItest facility
1.1.1 RFI

Residual feed intake (RFI, also called ‘ net feed intake * or NFIl in Australia) is a measure of
feed use efficiency. Net feed intake refers to its derivation as actual feed intake net (or less)
of expected feed intake for bodyweight (BW) maintained and average daily gain (ADG) by an
animal over a test period. In beef cattle, RFI is usually calculated as the difference between
the actual feed intake by an animal over a test period minus that expected or predicted
based on its size and growth rate (Herd et al. 2003a). An animal with a lower feed intake
than expected is considered more effi cient. Heritability of RFI in growing cattle ranges from
low to moderate (Arthur and Herd 2006; Arthur and Herd 2008, 2012). Selective breeding for
low-RFI animals offers the potential to produce progeny that will eat less with no
compromise in size or growth performance (Archer et al. 1999). Feed is the largest recurring
input cost in a feedlot operation. However, the opportunity to improve profitability in the
feedlot through animal breeding for lower RFI is dependent not only on the existence of
genetic variation in RFI, but also on the magnitude of genetic associations with other key
production traits. For feedlot cattle, these traits include growth rate, feed conversion ratio
(FCR), and carcass and meat quality traits, many with tight market specifications and
penalties for non- compliance. Positive genetic correlations between RFI and subcutaneous
fat depth have been reported in young Angus bulls and heifers (Arthur et al. 2001 ), and in
feedlot-fed steers and heifers (Robinson and Oddy 2004 ; Barwick et al. 2009; Wolcott et al.
2009 ), indicating that breeding for low RFI may be expected to reduce levels of
subcutaneous fat. Genetic merit of cattle for breeding purposes is described by estimated
breeding values (EBV; BREEDPLAN 2010 ), with trial RFI-EBV first becoming available in
Australia in 2002 in the Angus breed (Angus Society of Australia 2002), and BREEDPLAN
RFI-EBV becoming available at the end of 2013 for Angus cattle (Herd et al. 2014).

Providing feed to animals is a major cost input inalmost any animal production system. The
pig and poultry industries have made significant improvements in feed efficiency (Luiting,
1991). The provision of feed is also a major cost in beef production, and improvement of the
output of beef per unit of feed used over the whole production system would be of significant
economic benefit. National genetic improvement programs for beef cattle need to also
consider avenues for reducing inputs in order to improve efficiency and profitability. There is
considerable individual animal variation in feed intake above and below that expected or
predicted on the basis of size and growth rate (e.g., mice: Archer et al. 1998; poultry: Luiting
and Urff 1991; pigs: Foster et al. 1983; cattle: Archer et al. 1999b).

1.1.2 Genetic Variation in Feed Efficiency of Beef Cattle

Feed intake is generally correlated with output traits, and therefore examination of feed
intake or production outputs in isolation from each other usually provides little or no
indication of the efficiency of production. Cottle (2011) explored whether RFI could be used
to indirectly select for lower methane production in Angus via a multi-trait index approach.

Evidence for genetic variation in indices of feed efficiency, including RFI, published for beef
cattle up to 1996 was reviewed by Archer et al. (1999b). Since then, genetic variation in RFI
has been reported in Australia (Arthur et al., 2001b), Britain (Herd and Bishop, 2000),
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Canada (Liu et al., 2000), and France (Renand et al., 1998). The efficiency of a beef
production system depends on the summation of many traits that include feed intake of both
the breeding herd and slaughter generation, growth traits, and other cow traits, such as
mature size and reproductive rate (Archer et al., 1999b). Selection for lower RFI measured
postweaning has the potential to lead to a reduction in the intake of young cattle and of
cows, with no compromise in growth performance or increase in cow size. This is not the
case for selection to reduce feed:gain ratio (F:G) in which the genetic correlation with growth
rate can lead to an increase in cow size and feed intake, which is not always desirable
(Archer et al., 1999b).

1.1.3 Genetic Correlations

It was early recognised that individual hens with the same BW require different amounts of
feed for the same level of production (Byerly 1941). In growing beef cattle, Koch et al. (1963)
found BW maintained and ADG affect feed requirements and suggested that feed intake
could be adjusted for BW and weight gain, effectively partitioning feed intake into two
components: 1) the feed intake expected for the given level of production and 2) a residual
portion. The latter was used to identify animals which deviated from their expected level of
feed intake, and was heritable (0.28 + 0.11), with efficient animals having lower (negative)
RFI. RFI can also be used to detect differences in the efficiency of feed utilization not
revealed by ADG or F:G, because of the correlation between these traits (Okine et al. 2001).

The most comprehensive study of the responses to selection on postweaning RFI in beef
cattle is that conducted by NSW Agriculture at the Agricultural Research Centre, Trangie,
NSW Australia, between 1993 and 2001 (Arthur et al. 2001a; 2001b). Archer et al. (1999b)
summarised estimates of genetic variation in RFI of growing cattle. Low values for the
heritability of RFI appear to reflect higher measurement error (e.g., Herd and Bishop, 2000;
CRC, 2001). Improving herd production efficiency through RFI also depends on genetic
correlations with other key production traits such as carcass and meat quality traits at
slaughter, and mature size, feed intake, milk production, and lifetime reproductive
performance of cows. There is evidence for a genetic association of low RFI (high efficiency)
with lower fatness (increased lean). If this genetic correlation with fatness is expressed in
progeny destined for slaughter or in daughters entering the cow herd, then selection for low
RFI might affect market suitability and reproductive performance of the progeny. Results
from divergent selection on postweaning RFI found no change in subcutaneous fat depths in
progeny in weanling tests (Herd et al. 1997), no compromise in meeting market
specifications by feedlot steers (Richardson et al. 1998), and no change in subcutaneous fat
depths in cows (Arthur et al. 1999). Arthur et al. (2001d) reported RFI genetic correlations in
Charolias were high between weanling and yearling tests (0.75 £ 0.12). Results from a
single generation of divergent selection on postweaning RFI demonstrate favorable
correlated changes in RFI and F:G in feedlot steers (Richardson et al. 1998). Genetic
correlations between post- weaning RFI and mature cow size are low or zero, indicating that
breeding to improve feed efficiency in growing animals though selection against postweaning
RFI need not be accompanied by an increase in cow size. This is not the case if selection to
reduce postweaning F:G is employed because of the stronger genetic correlation of
postweaning F:G with cow size ( —0.29 + 0.24, Herd and Bishop 2000; and —0.54, Archer et
al. 2002).

The genetic correlation between postweaning RFI with feed intake by the cow is high and
with RFI of the cow very high (0.64 and 0.98, respectively; Archer et al., 2002). The genetic
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correlations for postweaning F:G with cow feed intake and cow F:G appear to be low (0.15
and 0.20; Archer et al., 2002) suggesting that selection to reduce postweaning F:G to likely
to be accompanied by only small reduction in cow feed intake and F:G. These genetic
correlations indicate that selection against postweaning RFI has the potential to lead to a
reduction in feed intake by cows with little change in cow size, thus improving the efficiency
of the cow herd. This is an important advantage over selection for increased postweaning
growth or decreased F:G that can be accompanied by an increase in cow size, which is not
always desirable. Reduction in physical activity, at least within the confines of the test
environment, has been shown for low-RFI animals (e.g., laying hens: Luiting et al. 1991,
pigs: De Haer et al. 1993; young beef bulls: Richardson et al. 1999). RFI allows comparison
between individuals differing in level of production during the measurement period possibly
due to variation in basic metabolic processes. For example, genetic variation in maintenance
energy requirement per kilogram of metabolic BW is closely associated with genetic variation
in RFI in young Hereford bulls (genetic correlation 0.93 £ 0.06; Herd and Bishop 2000). In a
typical beef cattle herd, the feed energy for maintenance represents 60 to 75% of the total
energy requirements of individual breeding cows, and the cost of maintaining cows is clearly
an important factor in determining the efficiency and profitability (Archer et al., 1999b).

However, the correlation between RFI measured in a feedlot on ad lib feed with RFI on
pasture with restricted feed intake is low (Herd et al. 2011). This suggests the RFI results
from Tullimba may only be useful for lot feeding performance at the end of the cattle life
production cycle. The high cost of RFI measurement and such interactions with feed type
and level may limit its use in breeding schemes (Lanna 2009).

1.1.3 Predictive Value of RFI

In Australia, a standards manual has been produced by the Australian Performance Beef
Breeders Association, representing breed societies, and forms the basis of a national
accreditation scheme to ensure that standardized and accurate data are generated for
genetic analyses (Exton, 2001).

Measurement of feed intake with current technology is expensive and difficult (Cottle 2013)
so the cost - benefits of RFI are questionable. The length of a RFI test and the amount of
data collected needs to be optimized to reduce the cost of testing animals. The current
recommendation to the Australian industry for a 70-d RFI test is based on the results
reported by Archer et al. (1997). They showed that for British breed cattle tested for RFI, with
feed intake recorded daily and animal BW measured weekly, that while 35 d was adequate
to measure feed intake, 70 d was required to accurately measure growth and RFI. Archer
and Bergh (2000) analyzed data from centralized tests in South Africa for young bulls from
five breeds and four biological types to conclude that while a test of between 42 and 56 d
was sufficient for measurement of growth rate, feed intake required 56 to 70 d to measure
accurately, and RFI required around 70 to 84 d. For RFI tests conducted following Australian
standards, if the accuracy in measuring growth could be improved, then it might be possible
to reduce the length of the RFI test, with an increase in the number of animals that can be
tested per year (Archer et al., 1999a). More frequent weighing of cattle can improve the
accuracy of measurement of growth (Archer et al. 1999a; Graham et al. 1999; Tatham et al.
2000) and thereby reduce the length of the standard 70-d RFI test. The US Beef
Improvement Federation recommends RFI be calculated from 70-d tests preceded by a 21-d
adjustment period, similar to Australia. Culberston et al. (2015) recently concluded that
average daily DMI values from a 42-d test (P < 0.0001) and RFI values from a 56-d test (P <
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0.0001) adequately predict DMI and RFI when compared to a 70-d test and suggested that
testing periods of 42 d for determining DMI and 56 d for RFI could reduce testing costs and
result in collection of data on a larger number of animals per year, in turn resulting in more

data for genetic evaluation.

Cattle may be tested for RFI either at centralized test facilities or on-farm. Archer et al.
(1999Db) reviewed the merits of both test regimens. An issue common to both approaches is
the influence of pretest environmental affects on subsequent test performance. Archer et al.
(1999b) recognized two approaches might be used to remove differences due to the
previous history, one biological and the other statistical. A common pretest adjustment
phase can be used to biologically remove differences between animals measured in a test
group. Age of dam is an environmental factor known to influence liveweight and growth of
young cattle. Arthur et al. (2001d) showed that while age of dam affected ADG, feed intake,
F:G, and final BW, it did not affect RFI in weanling tests on Charolais bulls.An alternative
approach is to restrict comparisons between animals to those raised in the same
environment from conception to measurement (i.e., in the same contemporary group), as
currently occurs with other traits recorded in BREEDPLAN (Skinner and Sundstrom 1997).
The Australian standards manual requires a minimum pretest adaptation period of 21 d and
testing of animals in contemporary groups. The Angus groups on test at Tullimba come from
different properties. Comparisons of RFI may be less influenced by pretest environmental
affects than are growth-related traits. For example, Herd and Bishop (2000) showed that RFI
over a performance test was not affected by differences in pretest rearing treatments,
whereas growth related traits, such as start-of-test BW and end-of-test BW, and, in some
years, ADG and F:G were affected.

2 Projective Objectives
2.1 Collect data

To collect individual animal feed intake and weight data for Beef Information Nucleus (BIN)
projects, and other MLA co-funded R&D projects.

2.2 Store data

To collect and store this data as well as other data generated by GrowSafe and other
recording equipment. This data to be stored in a database accessible by UNE researchers
subject to Clause 8.9 of the Agreement.

23 R&D

To conduct R&D using this data, subject to Clause 8.9 of the Agreement.

Page 8 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

3 Methodology

3.1 Cattle Groups

Approximate number and sex of cattle in Cohort 3 (Angus terminology) to be tested for

residual feed intake (RFI) using Growsafe equipment at the Tullimba.feedlot:
RV9 Group 117 Angus steers

RV10 Group 75 Angus steers

RV11 group 60 Angus steers

RV12 group 105 Angus steers

RV13 group 240 Angus steers
Approximate date of entry to feed period:
RV9 Group 22-Oct-2014

RV10 Group 17-Dec-2014

RV11 Group 22-Feb-2015

RV12 Group 08-Mar-2015

RV13 Group 22-Feb-2015

Payment is based on $2/head/day for trial periods (7+~75 days) in feeders.

4 Results

4.1 RV groups average perfomance
4.1.1 RV9
Feedlot pens 12, 13, 14

Head count =116 — 2 sick =114

First full feed date = 23/10/2014
Last full feed date = 4/01/2015
Number of full feed days = 84

Trial First full feed date = 4/11/2014
Trial Last full feed date = 14/01/2015

Trial Start Wt Date = 4/11/2014
Trial End Wt Date = 15/01/2015
Number of Trial days = 72

Average Feed Intake (g) = 16,266 (11,924 — 19,970)
Average Start Weight (kg) (Fitted) =558 (410 - 628)
Average End Weight (kg) (Fitted) =662 (491 - 764)
Average of ADG (kg) = 1.47 (0.96 - 2.03)
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4.1.2 RV10
Feedlot pen 15
Head count = 57

First full feed date = 7/1/2015
Last full feed date = 29/3/2015
Number of full feed days = 82

Trial First full feed date = 15/1/2015
Trial Last full feed date = 29/3/2015

Trial Start Wt Date = 15/1/2015
Trial End Wt Date = 30/3/2015
Number of Trial days = 74

Average Feed Intake (g) = 14,298
Average Start Weight (kg) (Fitted) = 499
Average End Weight (kg) (Fitted) = 612
Average of ADG (kg) = 1.53

4.1.3 RV11
Feedlot pen 14
Head count =76 - 2 sick =74

First full feed date = 19/1/2015
Last full feed date = 12/4/2015
Number of full feed days = 84

Trial First full feed date = 28/1/2015
Trial Last full feed date = 12/4/2015

Trial Start Wt Date = 28/1/2015
Trial End Wt Date = 13/4/2015
Number of Trial days = 75

Average Feed Intake (g) = 13,249
Average Start Weight (kg) (Fitted) = 555
Average End Weight (kg) (Fitted) = 665
Average of ADG (kg) = 1.47

4.1.4 RV12

Feedlot pens 4, 5, 6, 12 and 13

Head count = 250 — 2 sick = 248

First full feed date = 4/3/2015

Last full feed date = 24/5/2015
Number of full feed days = 82

(8,551 — 17,526)
(442 - 572)

(539 - 682)
(1.15 - 2.07)

(10,034 — 15,913)
(462 - 664)

(569 - 793)

(0.80 - 2.01)
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Trial First full feed date = 12/3/2015
Trial Last full feed date = 24/5/2015

Trial Start Wt Date = 12/3/2015
Trial End Wt Date = 24/5/2015
Number of Trial days = 74

Average Feed Intake (g) = 14,556 (6,833 —19,615)
Average Start Weight (kg) (Fitted) =529 (409 - 646)
Average End Weight (kg) (Fitted) =641 (496 - 792)
Average of ADG (kg) = 1.54 (-0.40 - 2.41)

4.1.5 RV13
Feedlot pens 7, 15
Head count = 75

First full feed date = 1/4/2015
Last full feed date = 14/6/2015
Number of full feed days = 75

Trial First full feed date = 7/4/2015
Trial Last full feed date = 14/6/2015

Trial Start Wt Date = 7/4/2015
Trial End Wt Date = 15/6/2015
Number of Trial days = 69

Average Feed Intake (g) = 12,926 (8,389 — 16,687)
Average Start Weight (kg) (Fitted) =531 (411 - 641)
Average End Weight (kg) (Fitted) =636 (489 - 774)
Average of ADG (kg) =1.54 (0.53-2.18)
These results for each group are shown graphically below.
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Figure 1. Start and end liveweights and weight gain of each group.
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5 Discussion

The project proceeded as planned though anticipated completion dates were later due to
delays in feeder availability and Angus Society supply of cattle.

The cost per tonne of feed at Tullimba is higher than at Rangers Valley feedlot and this
cannot be avoided due to the location of Tullimba, economies of scale and choice of local
feed components. This issue was discussed at a meeting between UNE and MLA staff on
May 13 2015. It was agreed that the feed cost difference between Tullimba and Rangers
Valley of approximately $180K for cohorts 2 and 3 (Angus Society terminology) be paid to
Rangers Valley equally by MLA, the Angus Society and Tullimba.

It was agreed that the future feed cost difference will be paid by MLA as a research cost and
that this difference be closely and regularly monitored in future.

6 Conclusions/Recommendations

Future cohorts of Angus cattle be put through the Tullimba RFI facility with close monitoring
of feed costs.

Make as much use of the raw data collected and stored for genetics R&D as possible.

Future BIN projects are to be assessed annually for co-funding by MLA and will need to
meet the following criteria:

o Genotyped with a GGP or equivalent SNP chip

o Have additional phenotypes measured on the animals

o Meet data quality requirements (effective progeny, contemporary group
structure, etc.)

o Are part of a larger breed collecting similar measurements

Have progeny from a cross section of industry sires

o Can make background data (phenotypes and genotypes) available for use in
MLA R&D

o

7 Key Messages
The Growsafe facility at Tullimba is a valuable industry resource for RFI testing

To be maintained, the facilty needs a regular flow of cattle though it to help fund any repairs
and maintenance and for future upgrading of the facility.

8 Bibliography

Angus Society of Australia. (2002) Trial BREEDPLAN EBVs for net feed intake (NFI). The
Angus Society of Australia, Armidale, Australia.

Archer J.A., Arthur P.F., Herd R.M., Parnell P.F., Pitchford W.S. (1997) Optimum
postweaning test for measurement of growth rate, feed intake, and feed ef fi ciency in
British breed cattle. J. Anim. Sci. 75, 2024 — 2032.

Archer, J. A., P. F. Arthur, R. M. Herd, E. C. Richardson, and D. A. Burton. (1999a) Potential
for reducing the length of net feed intake test by weighing cattle more frequently. Pages
247-249. In, Proc. 13th Conf. Assoc. Advmt. Anim. Breed. Genet., Mandurah, Australia.

Page 12 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

Archer, J. A., and S. A. Barwick. (2001) An analysis of investment in advanced breeding
program designs for beef cattle. Pagesa 465— 468. In, Proc. 14th Conf. Assoc. Advmt.
Anim. Breed. Genet., Queenstown, New Zealand.

Archer, J. A., and L. Bergh. (2000) Duration of performance tests for growth rate, feed intake
and feed efficiency in four biological types of beef cattle. Livest. Prod. Sci. 6547-55.

Archer, J. A., A. Reverter, R. M. Herd, D. J. Johnston, and P. F. Arthur. (2002) Genetic
variation in feed intake and efficiency of mature beef cows and relationships with
postweaning measure- ments. Proc. 7th World Congr. Genet. Appl. Livest. Prod., Mont-
pellier, France. comm. no. 10-07.

Archer, J. A., E. C. Richardson, R. M., Herd, and P. F. Arthur. (1999b) Potential for selection
to improve efficiency of feed use in beef cattle, A review. Aust. J. Agric. Res. 50,147-161.

Arthur, P. F., J. A. Archer, R. M. Herd, and G. J. Melville. (2001a) Response to selection for
net feed intake in beef cattle. Pages 135-138 in Proc. 14th Conf. Assoc. Advancement
Anim. Breed. Genet., Queenstown, New Zealand.

Arthur, P. F., J. A. Archer, D. J. Johnston, R. M. Herd, E. C. Richardson, and P. F. Parnell.
(2001b) Genetic and phenotypic variance and covariance components for feed intake,
feed efficiency and other postweaning traits in Angus cattle. J. Anim. Sci. 79, 2805-2811.

Arthur, P. F., G. Renand, and D. Krauss. (2001c) Genetic and pheno- typic relations among
different measures of growth and feed efficiency in young Charolais bulls. Livest. Prod.
Sci. 68, 131-139.

Arthur, P. F., G. Renand, and D. Krauss. (2001d) Genetic parameters for growth and feed
efficiency in weaner versus yearling Charolais bulls. Aust. J. Agric. Sci. 52, 471-476.

Arthur, P. F., M. Thomas, S. Exton, K. Dibley, and R. M. Herd. (1996) Economic benefit from
selection for net feed conversion efficiency in beef cattle. Pages 22-23 in Proc. 8th
Congr. Anim. Prod. Anim. Sci. Congr., Tokyo, Japan

Arthur P.F., Herd R.M. (2006) Selection for growth and feed ef fi ciency — The Australian
experience. Journal of Integrated Field Science 3, 59 — 66.

Arthur P.F., Herd R.M. (2007) Progeny testing of elite sires for profitability traits, Breeding,
backgrounding and heifer evaluation. Final Report of Project PSHIP.095B, June (2007.
Meat & Livestock Australia, Sydney, NSW.

Arthur P.F., Herd R.M. (2008) Residual feed intake in beef cattle. Revista Brasileira de
Zootecnia 37, 269 — 279. [Brazilian Journal of Animal Science].

Arthur P.F., Herd R.M. (2012) Genetic improvement of feed efficiency. In ‘ Feed efficiency in
the beef industry ’ . (Ed. R Hill) pp. 93 — 103. (John Wiley & Sons, Inc., Cambridge, MA)
AUS-MEAT (2005) * Handbook of Australian meat. ’ 7th edn. (AUS-MEAT Ltd, Tingalpa, Qld)

Australian Hereford Society. (2002) BREEDPLAN NFI EBVs. Australian Hereford Society,
Armidale, Australia.

BREEDPLAN (2010) BREEDPLAN EBVs — * The traits explained ’ . (ABRI, University of New
England, Armidale, NSW)

Basarab, J. A., M. A. Price, J. L. Aalhus, E. K. Okine, W. M. Snelling, and K. L. Lyle. (2001)
Net feed intake in beef cattle. National Beef Science Seminar. Pages 1(20-133 in
Advances in Beef Cattle Science. Vol. 1. K. A. Beauchemin and D. H. Crews, ed.
Agriculture and Agri-Food Canada, Lethbridge, Canada.

Byerly, T. C. (1941) Feed and other costs of producing market eggs. Tech. Bull. No. Al. The
University of Maryland Agric. Exp., College Park, Maryland. CRC. (2001. Breeding feed
efficient cattle. Sponsors Report No. 10.

Barwick S.A., Wolcott M.L., Johnston D.J., Burrow H.M., Sullivan M.T. (2009) Genetics of
steer daily and residual feed intake in two tropical beef genotypes, and relationships
among intake, body composition, growth and other post-weaning measures. Anim. Prod.
Science 49, 351 — 366.

Bouton P.E., Ford A.L., Harris P.V., Ratcliff D. (1975) Objective-subjective assessment of
meat tenderness. Journal of Texture Studies 6, 315 — 328.

Cottle, D.J. (2011) Use of residual feed intake as an indirect selection trait for reduction of
methane emissions in grazing beef cattle. Proc. Aust. Assoc. Anim. Breed. 19, 423-425.

Cottle, D.J. (2013) The trials and tribulations of estimating the pasture intake of grazing
animals. Animal Production Science 53, 1209-1220.

Page 13 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

Co-operative Research Centre for Cattle and Beef Quality, Armi- dale, NSW. De Haer, L. C.
M., P. Luiting, and H. L. M. Aarts. (1993) Relation among individual (residual) feed intake,
growth performance and feed intake pattern of growing pigs in group housing. Livest.
Prod. Sci. 36, 233-253.

Culbertson, M. M. Speidel, S. E. Peel, R. K. Cockrum, R. R. Thomas, M. G. and Enns R. M.
(2015) Optimum measurement period for evaluating feed intake traits in beef cattle. J.
Animal Science 93, 2482-2487

Dunne P.G., Monahan F.J., O’ Mara F.P., Moloney A.P. (2009) Colour of bovine
subcutaneous adipose tissue, A review of contributory factors, associations with carcass
and meat quality and its potential utility in authentication of dietary history. Meat Science
81, 28 — 45.

Exton, S. (2001) Testing beef cattle for net feed efficiency—Standards manual. Performance
Beef Breeders Association, Armidale, NSW.

Exton, S. C., P. F. Arthur, J. A. Archer, and R. M. Herd. (1999) Strate- gies for industry
adoption of genetic improvement of net feed efficiency in beef cattle. Pages 424-427 in
Proc. 13th Conf. Assoc. Advancement Anim. Breed. Genet., Mandurah, Australia.

Exton, S. C., R. M. Herd, L. Davies, J. A. Archer, and P. F. Arthur. (2000) Commercial
benefits to the beef industry from genetic improvement in net feed efficiency. Asian-Aust.
J. Anim. Sci. 13 Suppl. B, 338-341.

Foster, W. H., D. J. Kilpatrick, and I. H Heaney. (1983) Genetic varia- tion in the efficiency of
energy utilization by the fattening pig. Anim. Prod. 37, 387-393.

Graham, J. F., B. K. Knee, A. J. Clark, and G. Kearney. (1999) The potential to shorten the
feeding period when measuring the net feed conversion efficiency of cattle using an
automated feeding and animal weighing system. Pages 488-491 in Proc. 13th Conf.
Assoc. Advancement Anim. Breed. Genet., Mandurah, Australia.

Harper G.S. (1999) Trends in skeletal muscle biology and the understanding of toughness in
beef. Australian Journal of Agricultural Research 50, 1105 — 1129.

Herd R.M., Archer J.A., Arthur P.F. (2003a) Reducing the cost of beef production through
genetic improvement in residual feed intake, Opportunity and challenges to application. J.
Anim. Sci. 81, E9 — E17.

Herd R.M., Archer J.A., Arthur P.F. (2003b) Selection for low postweaning residual feed
intake improves feed ef fi ciency of steers in the feedlot. In * Proceedings of the
Association for the Advancement of Animal BreedingandGenetics,Vol.15 . (Ed.LHygate)
pp.310 — 313. (Association for the Advancement of Animal Breeding and Genetics,
Melbourne)

Herd R.M., Arthur P.F. (2009) Physiological basis for residual feed intake. J. Anim. Sci. 87
(E. Suppl.), E64 — E71.

Herd R.M., Arthur P.F. (2012) LessonsfromtheAustralianexperience.In ‘ Feed efficiency in
the beef industry . (Ed. R Hill) pp. 93 — 103. (John Wiley & Sons, Inc., Cambridge, MA)
Herd, R. M., P. F. Arthur, J. A. Archer (2011) Asscoiation between residual feed intake on ad
libitum, pasture and restricted feeding in Angus cows. Proc. 19th Conf. Assoc.

Advancement Anim. Breed. Genet., 47-50, Perth, Australia.

Herd, R. M., P. F. Arthur, J. A. Archer, and D. J. Johnston. (2002a) IGF1 is associated with
genetic variation in key production traits in young Angus cattle. Anim. Prod. Aust. 24,313.

Herd, R. M., P. F. Arthur, J. A. Archer, E. C. Richardson, J. H. Wright, K. C. P. Dibley, and D.
A. Burton. (1997) Performance of progeny of high vs. low net feed conversion efficiency
cattle. Pages 742— 745 in Proc. 12th Conf. Assoc. Advancement Anim. Breed. Genet.,
Dubbo, Australia.

Herd, R. M. Arthur, P. F. Bottema, C. D. K. Egarr, A. R. Geesink, G. H. Lines, D. S. Piper, S.
Siddell, J. P. Thompson, J. M.and Pitchford W. S. (2014) Genetic divergence in residual
feed intake affects growth, feed efficiency, carcass and meat quality characteristics of
Angus steers in a large commercial feedlot. Anim. Prod. Science 10.1071/AN13065.

Herd, R. M., P. F. Arthur, R. S. Hegarty, and J. A. Archer. (2002b) Potential to reduce
greenhouse gas emissions from beef production by selection for reduced residual feed
intake. Proc. 7th World Congr. Gen. Appl. Livest. Prod., Montpellier, France. comm. no.
10-22.

Page 14 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

Herd, R. M., and S. C. Bishop. (2000) Genetic variation in residual feed intake and its
association with other production traits in British Hereford cattle. Livest. Prod. Sci.
63,111-119.

Herd, R. M., R. S. Hegarty, R. W. Dicker, J. A. Archer, and P. F. Arthur. (2002c) Selection for
residual feed intakes improves feed efficiency in steers on pasture. Anim. Prod. Aust. 24,
85-88.

Herd, R. M., E. C. Richardson, R. S. Hegarty, R. T. Woodgate, J. A. Archer, and P. F. Arthur.
(1998) Pasture intake by high versus low net feed efficient. Angus cows. Anim. Prod.
Aust. 22,137-140.

Herd R.M., Pitchford W.S. (2011) Residual feed intake selection makes cattle leaner and
more efficient. In * Recent Advances in Animal Nutrition — Australia, Vol. 18’ . (Ed. P.
Cronje) pp. 45 — 58. (University of New England, Armidale, NSW)

Hermesch, S., K. L. Bunter, and G. Luxford. (2001) Estimates of ge- netic correlations
between IGF-1 recorded at 4 weeks of age and individual piglet weights at birth and 14
days, along with lifetime growth rate and backfat. Pages 227-230 Proc. 14th Conf. Assoc.
Advancement Anim. Breed. Genet., Queenstown, New Zealand.

Johnston, D. J., R. M. Herd, M. J. Kadel, H-U. Graser, P. F. Arthur, and J. A. Archer. (2002)
Evidence of IGF-1 as a genetic predictor of feed efficiency traits in beef cattle. Proc. 7th
World Congr. Genet. Appl. Livest. Prod., Montpellier, France. Comm. No. 10-16.

Johnston, D. J., R. M. Herd, A. Reverter, and V. H. Oddy. (2001) Heitability of IGF-1 in beef
cattle and its association with growth and carcase traits. Pages 163-166 in Proc. 14th
Conf. Assoc. Advancement Anim. Breed. Genet., Queenstown, New Zealand.

Jeyaruban M.G., Johnston D.J., Graser H.U. (2009) Genetic association of net feed intake
measured at two stages with insulin-like growth factor-I, growth and ultrasound scanned
traits in Angus cattle. In ‘ Proceedings of the Association for the Advancement of Animal
Breeding and Genetics, Vol. 18’ . (Ed. A Safari) pp. 584 — 587. (Association for the
Advancement of Animal Breeding and Genetics, Adelaide)

Johnston D. (2007) NFI & IGF-1. AGBU Technical Update No. 14, March (2007. AGBU,
University of New England, Armidale, NSW.

Kennedy, B. W., J. H. J. van der Werf, and T. H. E. Meuwissen. (1993) Genetic and
statistical properties of residual feed intake. J. Anim. Sci. 71, 3239-50.

Koch, R. M., L. A. Swiger, D. Chambers, and K. E. Gregory. (1963) Efficiency of feed use in
beef cattle. J. Anim. Sci. 22, 486—494,

Knight T.W., Death A.F., Lambert M.G., McDougall D.B. (2001) The rate of reduction in
carotenoid concentration in fat of steers fed a low carotenoid ration, and the role of
increasing carcass fatness. Australian Journal of Agricultural Research 52, 1023 — 1032.

Lanna D.P. (2009) MAFF Livestock Breeding for Greenhouse Gas Outcomes workshop.
Wellington, NZ. http://www.livestockemissions.net/Publications/tabid/63/Default.aspx.

Liu, M. F., L. A. Goonewardene, D. R. C. Bailey, Basarab, J. A., R. Kemp, P. F. Arthur, E. K.
Okine, and M. Makarechian. (2000) A study on the variation of feed efficiency in station
tested beef bulls. Can. J. Anim. Sci. 80, 435-441.

Luiting, P. (1991) The value of feed consumption data for breeding in laying hens. PhD
Thesis, Wageningen Agricultural Univ., The Netherlands.

Luiting, P., J. W. Schrama, W. van der Hel, and E. M. Urff. (1991) Metabolic differences
between White Leghorns selected for high and low residual food consumption. Br. Poult.
Sci. 32,763-782.

Luiting, P., and E. M. Urff. (1991) Residual feed consumption in laying hens. 2. Genetic
variation and correlations. Poult. Sci. 70,1663-1672.

Luxford, B. G., K. L. Bunter, P. C. Owens, and R. G. Campbell. (1998a) Genetic
relationships between Insulin-like Growth Factor-1 and pig performance. J. Anim. Sci. 76
(Suppl.1), 53.

Luxford, B. G., K. L. Bunter, P. C. Owens, and R. G. Campbell. (1998b) Use of IGF-1 as a
selection criteria in pig breeding. Proc. Pan Pacific Pork Expo. October (1998, Brisbane,
Australia.

Page 15 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

Lines D.S., Pitchford W.S., Bottema C.D.K., Herd R.M., Oddy V.H. (2014) Selection for
residual feed intake affects appetite and body composition rather than energetic ef fi
ciency. Anim. Prod. Science 54, 10.1071/AN13321

McDonagh M.D., Herd R.M., Richardson E.C., Oddy V.H., Archer J.A., Arthur P.F. (2001)
Meat quality and the calpain system of feedlot steers following a single generation of
divergent selection for residual feed intake. Aust. J. Exp. Agric. 41, 1013 — 1021.

Okine, E. K., Z. Wang, L. A. Goonewardene, Z. Mir, and M. F. Liu. (2001) Residual
metabolizable feed consumption as a method of comparing feed efficiency in steers fed
silage and silage-grain diets. Anim. Feed Sci. Technol. 92, 87-93.

Perry D., Shorthose W.R., Ferguson D.M., Thompson J.M. (2001) Methods used in the CRC
program for the determination of carcass yield and beef quality. Aust. J. Exp. Agric. 41,
953 — 957.

Pitchford W.S., Deland M.P.B., Siebert B.D., Malau-Aduli A.E.O., Bottema C.D.K. (2002)
Genetic improvement in fatness and fatty acid composition of crossbred cattle. J. Anim.
Sci. 80, 2825 — 2832.

Pitchford W.S.,Accioly J.M.,Banks R.G.,Barnes A.L.,Barwick S.A.,Copping K.J., Deland
M.P.B., Donoghue K.A., Edwards N., Hebart M.L., Herd R.M., Jones F.M., Lawrence M.,
Lee S.J., McKiernan W.A., Parnell P.F., Speijers J., Tudor G.D., Graham J.F. (2014)
Genesis, design and methods of the Beef CRC Maternal Productivity Project. Anim. Prod.
Sci. 54, 10.1071/AN13054

Renand, G., M. N. Fouilloux, and F. Menissier (1998) Genetic improve- ment in beef
production traits by performance testing beef bulls in France. Pages 77-80 in Proc. 6th
World Congr. Vol. 23 Genet. Appl. Livest. Prod., Armidale, Australia.

Richardson, E. C., R. M. Herd, J. A. Archer, R. T. Woodgate, and P. F. Arthur. (1998) Steers
bred for improved net feed efficiency eat less for the same feedlot performance. Anim.
Prod. Aust. 22, 213-216.

Richardson, E. C., R. J. Kilgour, J. A. Archer, and R. M. Herd. (1999) Pedometers measure
differences in activity in bulls selected for high and low net feed efficiency. Page 16 in
Proc. 26th Conf. Aust. Soc. Study Anim. Behav., Armidale, Australia.

Richardson E.C., Herd R.M., Oddy V.H., Thompson J.M., Archer J.A., Arthur P.F. (2001)
Body composition and implications for heat production of Angus steer progeny of parents
selected for and against residual feed intake. Australian J. Exp.l Agric. 41, 1065 — 1072.

Robinson D.L., Oddy V.H. (2004) Genetic parameters for feed ef fi ciency, fatness, muscle
area and feeding behaviour of feedlot fi nished beef cattle. Livestock Production Science
90, 255 - 270.

Schenkel F.S., Miller S.P., Wilton J.W. (2004) Genetic parameters and breed differences for
feed ef fi ciency, growth and body composition traits of young beef bulls. Canadian J.
Anim. Sci. 84 , 177 — 185.

Schutt K.M., Burrow H.M., Thompson J.M., Bindon B.M. (2009) Brahman and Brahman
crossbred cattle grown on pasture and in feedlots in subtropical and temperate Australia.
2. Meat quality and palatability. Anim. Prod. Sci. 49 , 439 — 451.

Skinner, S., and B. Sundstrom. (1997) Management groups in BREEDPLAN. Pages 23-26
in Conference Proceedings for the BREEDPLAN Expo. New England Agricultural
Secretariat, Armidale, Australia.

Sundstrom, B. (1997) BREEDPLAN—Australian participation rates, new traits and links with
the Beef Cooperative Research Centre. Pages 3-5 in Conference Proceedings for the
Breedplan Expo. New England Agricultural Secretariat, Armidale, Australia.

Shackelford S.D.,Koohmaraie M.,Cundiff L.V.,Gregory K.E.,Rohrer G.A.,Shorthose W.R.,
Harris PV, Hopkins AF, Kingston OL (1988) Relationships between some objective
properties of beef and consumer perceptions of meat quality. In * Proceedings of the 34th
International Congress of Meat Science and Technology, Vol. 1’ . (Eds CS Chandler, RF
Thornton) pp. 667 — 669. (AMLRDC/PRC, Brisbane)

Siebert B., Kruk Z., Davis J., Pitchford W., Harper G., Bottema C. (2006) Effect of low
vitamin A status on fat deposition and fatty acid desaturation in beef cattle. Lipids 41 , 365
- 370.

Page 16 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

Smith S.B., Go W., Johnson B.J., Chung K.Y., Choi S.H., Sawyer J.E., Silvey D.T., Gilmore
L.A., Ghahramany G., Kim K.H. (2012) Adipogenic gene expression and fatty acid
composition in subcutaneous adipose tissue depots of Angus steers between 9 and 16
months of age. Journal of Animal Science 90, 2505 — 2514.

Tatham, B. G., J. J. Davis, and G. R. Ferrier. (2000) Commercial application of net feed
intake assessment, biochemical relation- ships and economic implications of using tested
Angus bulls. Asian-Aust. J. Anim. Sci. 13 (Suppl. A), 327-330.

Watson R., Polkinghorne R., Thompson J.M. (2008) Development of the Meat Standards
Australia (MSA) prediction model for beef palatability. Aust. J. Exp. Agric. 48, 1368 —
1379.

Wood, B. J., J. A. Archer, and J. H. J. van der Werf. (2002) Genetic and economic
evaluation of the use of IGF-1 as an indirect selection criterion in beef cattle. Proc. 7th
World Congr. Genet. Appl. Livest. Prod., Montpellier, France. comm. no. 02-26

Wolcott M.L., Johnston D.J.,Barwick S.A.,Iker C.L.,Thompson J.M.,Burrow H.M. (2009)
Genetics of meat quality and carcass traits and the impact of tenderstretching in two
tropical beef genotypes. Anim. Prod. Science 49 , 383 — 398.

Page 17 of 18



B.SBP.0133 — Feed intake measurement of cattle in the Tullimba R&D Feedlot

9 Appendix

9.1 Milestones

Milestone No. Milestone Due Date

1 Cohort 1 test period completed and data delivered  16-Jan-2015
to MLA and the project partner/s.

2 Cohort 2 test period completed and data delivered  11-Mar-2015
to MLA and the project partner/s.

3 Cohort 3 test period completed and data delivered  17-May-2015
to the project partner/s.

4, Cohort 4 test period completed and data delivered  31-May-2015
to the project partner/s.

5 Cohort 5 test period completed and data delivered  17-May-2015
to the project partner/s.

6 6.1 Final Report submitted to MLA 15-Jun-2015

6.2 Digital copy of project data (including
metadata) provided to MLA.
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