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(Feed) efficiency - growing animals

- Feed conversion ratio

FCR - traditional measure because:
‘Easy to calculate
*Correlated with growth
*Poor animals will unlikely have good FCR
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(Feed) efficiency - growing animals

* Feed conversion ratio

* Kleiber ratio

* Relative growth rate

* Residual average daily gain (RG)
* Residual intake and gain (RIG)
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Residual Feed Intake (RFT)
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Residual Feed Intake (RFT)
DMI = ADG + LWT + . + RFT
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Residual Feed Intake (RFI)

High ADG .
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Actual Feed-Errake=(tke-DAL/d)
Daily Gain (kg/d)

Residual Daily Gain (RDG)

| ADG = DMI + LWT + .. + RD6 s
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So.....

* RFT is independent of live-weight & growth
* RG is independent of live-weight & feed intake

+ -1*RFI + RG must still be independent of
live-weight
* But negative correlation with feed intake
and a positive correlation with gain
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Options to improve feed efficiency

300 kg welght to
oain

DMI_ADG
RFl 9.2 1.71
RG 10.7 2.1

RIG 9.9 206
Age to slaughter Total DMI

RFI 176 1619

RG 137 1474

RIG 146 1446

Berry § Crowley (2012)



(Feed) efficiency -lactating animals
* Milk solids per kg live-weight

 Milk solids per kg intake (FCE)\- Ratios
Simple

* Intake per kg live-weight

+ Residual feed intake Principle from
beef
* Residual solids production | Not common
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Is RFI/RSP really useful in mature animals?
RFI, = DML, - ([Milk], + BW,%-75 + ABW, + BCS,)
RSP, = MS, - (DMI, + BW,%75+ ABW, + BCS,)

w bt
DMI: 15.6 kg/d DMI: 20.6 kg/d
LWT: 452 kg LWT: 602 kg
Milk YId: 24.83 kg/d Milk YId: 24.89 kg/d
Similar elsewhere Similar elsewhere
RFI: -1.386 kg/d RFI: -1.386 kg/d
RSP: 0.174 kg RSP: 0.194 kg
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Summary

* Many alternative measures of (feed)
efficiency

» All have their own advantages and dis-
advantages
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Genetics of feed
efficiency
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Review for cattle

CELL BIOLOGY SYMPOSIUM:
Genetics of feed efficiency in dairy and beef catilel

D. P. Berry,*? and J. J. Crowley*

*Animal and Graszland Pesearch and Innovation Centre, Teagzsc, Moorepark, Fermoy, Co. Cotk, Ireland;,
and TDepartmeent of Agrioaliaral, Feod and MNuomitonsl Science, University of Alberia, Edmonton, Alberta TS 2P5, Canada

ABSTEACT: Increasing food production for the grow-
mg hman populafion off a constrainmg land base
will requre greater efficiency of produchon Genehic
improvement of feed efficiency m cattle, which 15 curm-
lative and permanent. 15 one hkely velicle to aclueving
efficiency gams. The oljective of this review 15 to sum-
marize genehic parameters for feed effiency taifs m
danry and beef cattle and also to addmess some of the
musconceptons assoctated wath feed efficiency m these
sectors, as well as discuss the potential nse of feed effi-
clency In bresding programs. A meta-anabeis of up
to 39 scientific publications in growing cattle clearly
showed that genetc vanaton m feed efficiency exsts
with a pooled hentabality for residuzl feed mtake (BFT)
and feed conversion efficiency of 033 = 0.01 (range of
0.07 to 0.62) and 0.23 = 001 {ranpe of 0.06 to 0.486),
respectively. Hentabality estmates for feed efficiency m
cows were lower; a2 meta-analysis of up to 11 estimates
revealed bentabibity estimates for mross feed efficiency
and BEFT of 006 = 0.010 and 0.04 = 0,008, respectively.

Metz-analysis of zenehc comelabions between feed
mtzke, feed effitency and other performance trauts are
presented. and selechion imndex theory 15 used to calculate
the proporfion of genetic variation in feed intake that can
be explaned by easy to measwre, and often already col-
lected, data A large proportion of the genetic vanation in
feed intake could be explamed 1n both frowmg animals
and lactating ammals wsmng up to 5 predictor traits, includ-
mg BW, growth rate, malk vield, body compeosihon, and
lingar type traits reflecing body size and musculanty:
Enowladze of zenetic ment for feed miake can be used,
along with estimates of gensfic mert for enersy sinks,
to caleulate genetic ment for feed efficiency. Therefore,
the marginal benefit of collecting actual feed intake data,
using the genetic parameters wsed o this study, appears
to be low. There 1s now sufficient information avalzhble
to develop a road map on how best to direct research
to ensure long-term food secunty for a prowing human
populanon. Gaps in knowledge are 1dentified here, and
possibibifies to address these zaps are discussed.

Key words: beef, cattle, dairy, efficiency, genefics

© 2013 American Society of Animal Science. All righis reserved.

J. Amim Sci. 2013.91:1594-1613



Review for pigs

8. Pig breeding for improved feed efficiency

PW. Knap and L. Wang
PIC International Group, Ratsteich 31, 24837 Schleswig, Germany; pieter.knap@genusplc.com

Abstract

The feed efficiency of growing pigs has been a matter of serious commercial and scientific interest
since at least 1970, but early recording technology made it difficult to produce accurate feed
intake data at the individual level. Since electronic feeders were introduced, the pig breeding
industry has been making good genetic improvement in feed conversion ratio (FCR) but this has
been mainly due to genetic improvement of growth and body composition traits. More than one
third of the variation in feed intake is due to processes that are independent of growth and body
composition, mainly body maintenance processes such as basal metabolism, protein turnover,
thermoregulation, physical activity, immune and other coping functions, nutrient digestion and
absorption efficiency. We give an example of how genetic variation in basal metabolism may be
generated by electron leakage through the mitochondrial membrane. This considerable (and up
to now insufficiently exploited) variation can be accessed through the trait residual feed intake
(RFI: feed intake, statistically adjusted for growth and body compaosition). In routine breeding
value estimation systems, this is catered for by including feed intake (rather than FCR) in the
breeding goal and in the multi-trait BLUP evaluation. We give examples of how selection for
growth and body compaosition traits and RFI leads to genetic change in feed intake and from
there in FCR, in four real-life breeding populations, and show that genetic improvement of FCR
is a function of genetic improvement of those underlying traits. Improving the efficiency of any
system often leads to a higher sensitivity to extraneous challenges; this also holds for the growing
pig. An important element of a breeding program that focuses on genetic improvement of feed
efficiency is therefore the proper monitoring and control of side effects in other traits, most
notably robustness and quality traits. And because many of the body maintenance processes are
strongly influenced by the production environment, the data used for breeding value estimation
of RFI should be recorded in commercial conditions.



Review for poultry

Aspects of selection for feed efficiency in
meat producing poultry

0.W. WILLEMS'#, S.P. MILLER" and B.J. WOOD"?

'Centre for the Genetic Improvement of Livestock, University of Guelph, Ontario,
Canada: *“Hybrid Turkeys, 650 Riverbend Drive, Suite C, Kitchener, Ontario,
Canada

*Corresponding author: owillems(@uoguelph.ca

Over the last five vears, the costs of poultry feed ingredients have increased
substantially. This has been due to an increased use of corn for ethanol
production and a greater overall global feed grain demand. Across the poultry
industry this has led to higher production costs and reaffirmed the importance of
feed efficiency on profitability. The effect that an increase in feed costs has on
profitability is a clear driver for the selection for birds with better feed
cfficiency. Feed efficiency selection can be achieved using a number of different
analytical methods. Selection for feed conversion ratio (FCR) has been used to
improve feed efficiency with success but using a ‘ratio’ trait has mathematical
limitations because selection pressure tends to be placed on the component traits
of FCR in a non-linear manner. Another measure, residual feed intake (RFI) shows
moderate to high heritability and does not have the mathematical limitations
associated with FCR. RFI has little to no correlation with production traits and
this indicates that genetic improvement of RFI within a selection index can be done
without the confounding issues inherent with FCR. Improvements in RFI or FCR
have a favourable effect on environmental emissions and decreases the
environmental impact of poultry production. The current global production of
ammonia, CHy, and N;O by the poultry industry is significant, at levels of 2.1,
29.44 and 279 million tonnes COseq, respectively. Reductions in emissions can be
achieved via improvements in feed efficiency by lowering amounts of manure
excreted and decreasing emitted by-products such as ammonia and greenhouse
gases (N;O, CO, and CH,). Consequently, improvements in feed efficiency can
not only increase profitability of the poultry industries by lowering production
costs but also decrease environmental impact by reducing environmental emissions.

World's Poultry Science Journal, Vol. 69, March 2013



Heritability - growing cattle
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Heritability - lactating cows
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Heritability

Heritability - sheep
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Heritability - poultry
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Summary

* Heritability of feed efficiency is
similar to other production traits

Or is it??

+ Genetic variation present is less than
many other performance traits

As expected because of its
mathematical properties
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Critique
(points for consideration)
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Modelling of metabolic live-weight

Fl=p+b,ADG + b, WT®” +e

length length

Z (WT,,, —WT)) Z (WT, )0'75

Fl=p+b, 4= +b, 4= +€
length length

length

Z (WT, )0.75

Mid test — weight®" » -4=2
length
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Koch's model (non-linearity)

Fl =p+b,ADG + b,MWT®"™ +e

Fl=p+» ADG' + Y (MWT*"®) +e
i=1 j=1
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Factors influencing RFI
FI = ADG + MWT®"” +¢
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Factors influencing RFI
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Factors influencing RFI
FI = MWT”" +e
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Who's got more kilograms fat??

FI = ADG + MWT®" + FAT + (ADGXFAT) + (MWT"*"°xFAT) + ¢
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Energy cost per step

FI = ADG | FAT + MWT®"” | FAT +
MWT®" | Activity + e
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Is RFI heritability really
"heritability of RFI"?
-Simulated DMI [N(10.73,1.52)] and

correlation structure with ADG & WT as
(Crowley et al., 2010)

*Calculated (phenotypic) RFI
‘Heritability of RFT 0.06

‘Picking up genetic correlations with WT and
ADG
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An alternative approach

XX XZ |b| | XY
a1 A —
LX ZL+oA" | (| | LY
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Mixed models (PROC MIXED)

* Models that include
fixed effects
all classes of interest (freatment)
represent population mean
Random effects

levels drawn from a probability
distribution

Deviations from population mean
(random regression models)
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Maintenance efficiency
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Maintenance efficiency
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Mathematical representation

FI = (b, +)u+(|o1 )ADG+(b2 +)WT°-75

p p p
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Analysis

»+ 1963 growing bulls on performance test
in Ireland

* Genetic variation in random intercept
term and random regression on metabolic

live-weight
* Novel phenotype for further research

+ Is it really differences in energetic
efficiency?
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Conclusions

* Heritable genetic variation in RFI exists

 Less then the genetic variation in feed
intake

+ Feed efficiency (especially in
lactating/mature animals) needs further
thought

* Residual feed intake must contain
minimum “true residual”
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