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Abstract, This paper presents the evidence for penene vanaton in feed efficiency in beef cattle. Ner
feed intake [NFI) is the measure of feed efficiency adopted by the Australian beet industry for the
purpose of genete improvement. NF1 measures how much more or less an animal cars compared to
its expected feed requirement for is-aize and growth rate, By this measure of feed efficiency, more
efficient cattle are those that eat less than expected and have a negadve NFI; less efficient cattle ear
more than expected and have a positive NFL NFL s moderasely henmable{about (0:4; simalar to growth
rate). Expenments oncattle following divergent selection have confirmed thar sives and dams selecred
for low NI (high efficiency) have progeny who are more efficient at pasture and in the feedlor, than
the progeny from parents selected for high N1 (low cfficiency).

Data generazed from both research and commeraial indusery tesung for NEFL formed the basis of a
Tral Breedplan estimated breeding value (EBV) for INEL that bas been available since early 2002, In
2004, the concentration of Tnsulin-like Growth Factor-T in biood was used 0 incérease the number of
Anyrus cartle with NEF1 EBY. Breeding for improved feed efficency, using cartle with lower MED EBY,
can he expecred o produce sreer and heifer progeny that require less feed ar pasture or in the feedlor,
with nio compromise in growth, carcase or reproducove performance. Significans savings in feed
costs can be expected as more bulls thar are genetically supetior for NEI are bred by the seedstock

Introduction -

T rernain profitable the beef industry needs 1o keep
costs lows The cost of providing feed to cattle 35 che
single largest recurring cost of beet producnon. In
the pig and poultry industries, where cost of feed Is
easily quantificd, there has been significant
improvernent in feed efficiency through both genetic
and non-genetic means, Although the cost of
providing feed oo grazing animals is more difficult 1o
quantify in extensive prazing industries, the provision
of feed is a major cost in beef productden, and
improvement in feed efficiency of animals would he
of significant economic benefir,

Genetic improvement in feed efficieney is only one
of the tools available to beef producers, I has the
advantage over non-genetic methods of being
cumulative and is maintained without on-gomg input
costs following the purchase of supenor bulls. In
the absence of any deleterious genotvpe-by-
environment inferaction, genctic improvement can
be additive to improvement made through
MAnagement.

This paper reviews our knowledge abour genenc
variation i feed efbiciency in beel cartle, and presems
the most recent Australian rescarch, that together
show selective breeding of carde can be used o
reduce the feed costs of beef production; from
pasture and in the feedlor

Management (or non-genetic)
Improvement

For producers feeding voung canle the faciors
affecting profitability include: market price, feed cost
and feed conversion efficiency of the cande, usually
measured as feed conversion ratio (FCR; feed
eatenweight gamed).

Management practices that increase the amount of
feed energy consumed by growing cattle usually
increase the rate of liveweight gan and mpreve FOR
Providing cactle with mare pasture of higher
digestubiliny, increasing the proportion of grain in a
diet, and processing that grain are common non-
genetie methods used o get mose feed ecnergy into
carrle. Unilising catle that have a propensity for faster
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growth will also generally improve FCR, Examples
of these catde include catule undergoing
compensatory gamn and cartle implanted with 2
growwth promotant, Management practices that shielter
cattle

from stress, discase, parasires and

emaronmental exrremes wall also mthience FOR:

Genetic impmvem ent

(renetic improvement in the past has concentrated
on inereasing productien, stk betle effore direcred
ar reducing the feed cost of production, due mainly
tis the difficulty in measuring feed ntake of cattle

Selecoon for growth rate has been extensively
pracriscd Growrh rate is moderately heriable fabout
U4 is easy to measure and the result of scleetion:
bigger animals, 15 casy o sees Sclecnag for fasier
growing cartle will improve FCR of feedlor catte,
bt will alse incresse animal stee and their expeeted
fred requirements: Although the steer component
of each vear’s calf drop is desnned for shughrer, the
majority of thelr heifer siblings end up in the breeding
herd as replacements. Thereford, an increase n cow
size and fead rake may novalwavs be desirable,

Crenetic improvermnent can be achieved through choice
of breed, crosshreeding, importation of semen of
embryos from “superion” cattle, o by within-breed
selection based on estimated breeding values (EBV)L
This paper will focus on selection within a breed o
mmprove the foed efficienoy of canle, For this purpose,
an EBV for feed efficiency is reguired, along with
knowledge of the genenc associanons with other
important producton maits

Feed conversion ratio

There have been attempes ar genetc improvement
in feed udisanon hased on selection o lower FCR,
Thie results ndicate that selection for lower FOR 15
similar to selecting for increased proseth rare, hecanse
of the strong penenic associanon between FCR and
growth.: Mareover, selection for FUR may result in
bagrger cows, which may not be destrable (Herd and
Bishogp 20007,

What is net feed intake?

Net feed intake (NFI)

Mer feed intake (NFIL as the measure of feed
etficiency adopted by the Australian beef industy
tor the purpose of genetic improvement. NI

measures how much more or less an animal eats

compared to its expected feed requirement for jts
size and growth rares By this measure of feed
ethiciency, more efficient cattle are those that ear less
thin expectéd and have d nepacve NP less efficient
cartle car more than expected and have a positmee NEL
MNEI 15 someumes alzo called residual feed inake,

Evidence for genetic variation in WEFI has been
reported in a range of beef cattle hreeds instudies
From Austealia, the USA, Britain, Canada, and France,
NFL is ‘moderately heritable (abour (042 simitlar 1o
growth rare). Selection for low NET (high cfficiency)
has produced progeny who are more efficient at
pasture and in the feedlor, than the progeny from
parens selected for high NEL (low efficiency). The
research evidence supportng these conclusions wias
recently reviewed by Herd et ad (20023

MNFET has the imporsant benefic of being independont
of the animal’s weight and weight gaine It allows 4
tair comparison of big, mediom and small eatde, and
selection using NP need not result in an increascan
mature sive.

How is NFI measured?

Feed intake tests can be conducted erther on-farm
or, mere commonly, ar cenreal test seatons. Individual
feed intakes are currently measured over a test period
of 7O davs, While manual feeding svstems can be
used, most results have been obrained from feeding
syatems where cautle with electromic identification
freed From antomated self-feeders,

The most commonly tested stock are voung bulls,
bur some dara From Steer and hefers is also used.
Test cartle are offered more chan they can ear of a
medinm-energy hay and grain ration, they are weighed
regularly, and their feed inmke compared with their
growth performance in order to determine i they
have eaten more or less than expected. Test protocods
are ser our 1n an accreditation manual (NEW
Agriculture 2001), and only data from aceredited tests
are accepted by Breedplan, This is on the
recommencdation of the Pertormance Beel Breeders
Assoclation, the body representing Australian breed
soctenes in Ciroup Breedplan.

NF1 EBVs

Jata generated from both research and commercial
industry testng for NFI formed the hasis of a Tral
Brecdplan EBV for NFI that has been avaitable since
early 2002, To date, 3 breeds, Angus, Hereford and
Fosll Flereford, have sufficient well-linked data, o have
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Table 1. Understancing NFEI EBY,

Tave Dodls fave thie totlowsne NED EBV s The breed weorape is:45z5, 10,

Ball A 0.5k dae
Bull Be 0Tl day

A simple mterpresation s that bull B hsving @ more negative NETEBV, would be expecred 1o hreed *maone efficient’ progeny

thirs bull & or g bresd average bull, 15 the 2 bulls weere similar in cheirweight BV s and hichwere joined o averapee’ cows, the

progeny of bl Bowould eat 000 Ry dess per clay than the progeny af Bl & (006 ke & half che 1.2 kg difference berween the sire

MNET BBV us thi cows also comtnbute balt the renes;also sssmes yearling prgenyare oo a siomlar dies o theic parencs st

ratlan)

their data amalvsed w edeulate across-herd ERVsS
Several high and low efficener hulls in cach breed
have been idenntied. NFI EBVs are reported as
kilograms of feed caten per day {of 10 M| M/ ke
I¥M rationg. Like most EBVs; the NFL EBY can he
positive (+) or negatve (—) relative to the breed
wverage, The more negative the NTT EBY, the less
feed earen and the more efficienr i rhe animal
(Takle: 13

Blood test for feed efficiency

Faxploiting geneoe vananon i feed efficiency clearly
promises substannal cconomic benefit, Hovwever, the
inconvenience and high cost of the 3month long
feed efficiency test required 1o determine the feed
efficiency of a young bull has understandably dererred
bull breeders from testing many of theie sale bulls,
Ag i conseguence, only a few hundred bulls ans being
testedd ceach vear, tather than the amdny thousand
required by commercial catde producers, if the
industry 15 to make substantal gains in improving
teed efficiency. An alternate, less expensive and more
comvenlent test was requirid,

Insulin-like Growth Facroe-] (TGFE-13, a prosein in
bload, is invelved in regulation of growth processes
and body composition. The PrimeGRO™-LSM
(Livestock Selecton Metheod) 15 a patented Austealian

Figure 1. EBY for NFI for Angus and Hereford /Pall
Herefo rd cattle (avcuracy =19%) and for sices (accuracy
=40%0. IGF-T data was first used in 2013, in Angus only,
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rechnology that uses the lesel of this protein in blogod
10 prechicr the genetic ment of farm livestock tor feed
efficiency and carcass rais, Concentriton of 1GE
Lo Bdeend is moderately henable (abour 064 similar
tor growwth tate) and correlated o NET (006 Moore o
al, 2003). Currently, it 1% recomnmended thae 1GT-1
hlond samples should be mken ar weaning o give
the best genetic responses, TGF-T dara was used in
the Jaracy 2004 Angus NT1 EBV ealcalations and
had an tmmiediate impacy, doubling the number of
Angus catile with an WF1 EBY (Fig 1), Hereford
1G] chieea will be used from mid-200k.

Buing an indireer measure of feed efficiency, the 1GF-
I Blood tesr is not as aceurate a3 conducting 1 feed
efficiency test on a voung bull, but is considerably
cheaper. 1o will assise the Auvstrabian beef industey 1o
find genetically superior bullé in much greater
numbers to produce Future generations of feed-
efficient cowsand steers, However, 10 -1 dara alone
Cantiot pn‘uluc.:: an accuracy of 30% or betwer;s this
beingr the level required for an EBV to be published
in Breedplan, To achieve higher accuracy some
animals need o be tested for NFL

Relationships with INF1

Fatness and marbling

Exidénce exists that there is a genetic relationship
Lerween NEFLand subcutaneous fac depth, with more
efficient {lower MNEL) ammals rending o be leaner
than less efficient anmimals. Resulrs 1o date for
intramuscular (or marbling far (IMT) are nor
conclusive (Exton of 2f 2004), Beeause rhesc
relationships are weak, there are bulls that are superior
for NFEI and a number of desired charactensoes, For
cxample, analvsis of cthe Angus 2004 Group
Breedplan sire data shows that there are bulls with
favourable EBV for NFI, subcuranenns far and
IMEYs. Fipure 22 shows EBY for rib fat and EBY
for NFL Figure 24 shows EBV for IMF rertns EBV
bor IFL of the same Angrus bulls, The Bpnees show
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Figure 2. (&) Rib far EBV ps. NFTEBY, and (I IMF EBV ps. NFITERY, of Austealian Angos bulls from

[ Excon et al 2004),

that there aré bulls available (o Australian beef cartle
breeders that are penetically supenior for NEL IMEF
and subcutaneows far, beng those in the upper left
quadrant of each graph. The use of such bulls in
commercial breeding programs will make significant
gains in cfficiency, marbling and proficabilioy in the
Australian beel industry

Efficiency in the feedlot

Divergent selecton for low and high poscweaning
INFlwas performed at the NSW Agriculrure Research
Centre, Trangie, in the 19908 The final cohort of
steer progeny from parcnes scelected for low
postweaning NE (high efficiency) or high NE (tow
efficiency) were evaluated for feedlon performance
at the CRC for Cande and Beef Quality “Tullimba™
research feedlor, completing their NET test in August
2003, Results bor these steers are summarised in
Table 2.

These steers were the resulr of anleast 2 generanons
of divergent selection on postweaning NET and the
difference of 1.2 kg/day in NPT in the feedlor was
larger than for earlier cohorts of Trangie steers with
less divergent selection history {Herd e 2 20033, The

ongoing divergent selection resulted in 11% better
FCR by steers of high cfficiency parents compated
e steers from low efficiency parenis, with no adverse
effect on groweh, Feeding low-NFI steers for
slaugrhier would therefore be more profinble than
freding high-NF] sreers. Significant regressions of
FCR and WNFI with mid-parent NFI EBV provided
further evidence for favoursble genete associations
berween postweaning NFI of the parenrs and the
efficiency of their progeny in the feedlot, The
magnitude of the genete corrclatons of postweaning
NFD with feedlor NFI and FCR are stll 1o be
determined but the regression reported in Table 2
indicate that boch will be non-zers, positve and
Favoralsle,

Steer efficiency on pasture

Most recent evidence for favourable assocation of
steer growth and feed efficiency on pasture with
genetic variation in sire NFT is presented by Herd o
al (2004}, Briefly, in an expenment at Glen Innes,
MEW, growth, feed intake and feed efficiency were
measured from spring o sumimer on Angus and
Hereford weaner steer progeny of sires with known
NFI EBV. Each year, the steers were grown on 3

Tabrle 2, Feedlor perforimance of steer progery, born 2001 st Trangie, from parents selected for loew postweaning NFI
(high efficiency) or high NFI (low efficiency), and regression coefficients with mid-parent EBV for posrweaning NFI

Selection line

High efficiency

Levw effctency

Regression with

Murmibrer of animals ]

start af est weishe oy 541
Avernge dadly gain g/ day) 1.53
Endd of tese wemsht (ki) G
[haily feed intake (kg DM day) 1400
Feed converzion ratig, -fk;q_."'k};'] LT
Mer feed intake (ki DM/ day) 041

[HfE parcenmal NEFL ERY
3l

333 10

131 (30

5360 |

151 .20 #

10,5 b .

&3 ¥ LaG"

*Prabablivy values: <2001, Vilues e means and regressivn coetficienss,
" Probability vadues <4003, Values are miears and regression coethoents
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Table 3. Mean initial and final liveweight (LW}, average daily gain (ADG), feed intake, ner feed intake (NEFI) and feed
conveesion ratio (FOR) of Angus and Hereford steers on pasmre in spring to summer of 1995 and 1997, and regression
coefficients with sire WFIL EBY. Results are for 127 steers from 42 siees (Herd et al 2004)

Mean Regtoasion cocificicnt Change for | kg BBV, 2% of mean
Srarr [ {L'__e_:- 1348 0 e
A I'-k.u_-_“."ﬁ:t'\_c; .54 te 0y
Frmad LA fhg) 411 23 F5%
Foed nmake o fdav) w5 1.3 {50
MFT (kgfdav) (I pan F
FOR (kg incake /g gain) 104 42 A1

S for regression coefficient diffenng frony 2ero,
BP0 for repression coefficient diffenng from seno
“ kg W MJ ME/dry mrarmer,

T As 3 % menn daily feed inrake.

different pasture systems and pasture intakes were
measured twice using the alkane technigue. Significant
(P=0.05) regression coefficients for steer
performance trairs against sire NFI EBV 15 evidence
that genetic variation in NF1 was associated with
phenotpic vadadon i steer performance on pastare.
[nmal and final hveweight of the steers, and fead
intake, were not associated with viriation in sire NF]
EBY {P=0005; Table 3}, However, daily gam by the
steers tended (P<0L1) toward a favourable negarive
association with' sire NFI EBV. NFI and FCR had
posiove assocations (P<L03) with siee NEFL EBY.
The resalts shew thar 1 ke /day lower NEL EBV of a
sire produced steer progeny that grew 19% faster,
with no increase in feed eaten, had 2 26% lower NFI,
and a 41% berrer FOR.

In a previous experiment (Herd et af 2002), steer
progeny of low and NIT Angus parents were
evaluared for yearling growth and efficiency aver a
drv summer period at Glen Innes, During this period,
the low pﬁ_"‘tl.u'l;: avatlahility restricted average grovath
rates to 0.46 ki /day, Low NFI steers (high efficiency
parenes) ate less than high NFT steers (ow efficiency
parenss), grew faster, and had a2 much beteer FOR.
Losw WNEFT steers grew at (.30 ke fday compared with
0,42 kg/day by high NFI steers (20% faster),

Table 4. Cow and calf liveweights, pastare intike and effic

consumed 3.04 kg/day compared with 3.25 kg /day
(6% less) and had 2 FCR of 641 compared with
2.5:1 (25% better),

Cow efficicncy on pasture

The efficicncy ar pasture of lacraning cows has been
examined and, although only a small experiment, the
benefit of breeding for low NFL s apparént. Pasture
intake was measured in 41 lactating cows ar the NSW
Agrriculture Research Centre at Trangie (Hed o ol
1998). The cows had been tesced as young hefers on
a pellered ration and grouped as either high efficiency
(HE] or low efficiency (LE] based on their own
postweaning NEL test sesule. The comws were 1o the
third monthol their lactation and grazing an irrigated
wat crop. Pasture feed intake of the cows wis
measured by the alkane techmgue. The experiment
found both phenotypic and genertic association
berween NFT mieasured on the voung female and her
later efficiency ar pasture. The HE cows were 7%
heavier (P<005) than the LE cows, but consumed
no more pasture per.day, and o this basis were more
efficient {Table 4}, The HE cows had similar
subcutaneous far stores and had calves of similar
weighe o LE cows, The advantage in efficiency of
HE cows, when expressed as a ratio of calf weight

ieney for lactating cows that had previously been tesied for

postweaning MNELD and ranked as high (HE) or low (LE) efficiency, and regression coefficients with their NFI EBY

HE cons LE comws [itk Repression with NE] EBY
Mumibser of Cows M |
Crror [N (ke G148 e A 5,
Crov eily far (mam) 1200 1.7 (15
Calf T (ke 111 it} 2
G Dinmakee (ke day) 125 152 1.4
Calf LA cowe DM tmake 9.3 8.1 15 i

ke kgl day)

AT 2105 for means and repression cocfficicns,
TPENOL For means and regression coefbicients
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to o feed intake, whilst numerncally large (153%0)
wis statistically non-significant (P=0.07).

These resulrs show thar heifers which were either
high or low efficiency when tested as weaners on a
medium gualiy ration ended oo also be bieh o low
in efficiency 2 vears later as lictating cows on pasture,
The statstically simificant regression cocthicient for
cow cfficieney on pasture with posrweaning NE|
EBY s evidence for gencic association berween
efficiency of the yvoung heifer and efficency of the
lactaarg cow Selecnng cardle with: lower NEF1 EBY
can be expected to produce more feed-efficient
daughters on pasture,

Cow reproductive performance

so far there is no evidence lor an unfavourable
association berween postweaning NFI and
reproductive performance of cows. The effect of
divergent selection for NEL on marternal productivity
wis examined sing records on 185 femiales at the
NEW Agriculture Research Centre, Trangie (Arthuy
and Herd 20043, There were no sipniticant selection
line differences in calving rate (mean of 94%),
weaning rate (mean of 88%0), milk vield {(mean of 8.2
ka/day) and weight of calf weaned per female
exposed to bull (mean of 188 k). The smudy indicated
that after 1.5 generations of divergent selection for
NFEL there had been no significant selecton line
ditferences for maternal productndty s,

Further reading

A Spectal BEdition of Awsteafian faarnal of Fagperinenta!
Agricaliare entitled “lmproving Efficiency of Feed
Unlisanon by Animals” (Valume 44 Number 4-3) 15
tor be published mid-2004, This includes 4 number
of review papers and papers presenting the most
recent resules from Australian feed efficiency research,

Conclusion

This paper presents evidence for genetie variaton in
feed efbictency in beef cartle, When measured as NEL
selecrion for improved feed efficiency, can be
expected 10 produce steer and heifer progeny thar
require less feed ar pasture ormn the feedlor, with ne
compromise in growth, carcase or reproductive
performance. An EBV for NEFL s new available
within the Angus, Hereford and Pell Hereford breeds
As more bulls thar are genetically superior for NFI
are bred by the seedstock sector and used widely in
commercial beef producton, significant savings in
feed costs can be expected. Incorporating genetics

for feed etficiency wall need o be n balance wath
genes for carcass traits and cow heed productivir,

As cattle in a commerciad herd become more feed
effICICAT (Ver THNE, SOME NeW MANAZCMEnT OpCons
arvise. The cantle manager can choose 1o ingrease the
umber of stock on the same area of land as used
previously for the antmproved herd, since cach animal
15 gating a lirtde less, Alternanvely, the same number
of stock could be maintained on oasmaller arca, or
on the same arca bur with an effective reducton in
stocking rate and pressure as each amimal 15 eating
less The fasrer gronvth of stéers oo pasture may allow
themito teach rarger welghs before seasonal declines
in pasture quality and gquantty weald otherwise
require supplementation, or allow the steers o be
gronvn 1o heavier weights than previously,
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