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(Feed) efficiency – growing animals 

• Feed conversion ratio 

• Kleiber ratio 

• Relative growth rate 

• Residual feed intake 

• Residual average daily gain 

FCR - traditional measure because: 
•Easy to calculate 
•Correlated with growth 

•Poor animals will unlikely have good FCR 
 
 
 
 



• Feed conversion ratio 

• Kleiber ratio 

• Relative growth rate 

• Residual feed intake (RFI) 

• Residual average daily gain (RG) 

• Residual intake and gain (RIG) 

(Feed) efficiency – growing animals 



Residual Feed Intake (RFI) 
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Residual Feed Intake (RFI) 
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More efficient animals 
“under the line” 

DMI = ADG + LWT + … + RFI 



Residual Feed Intake (RFI) 

6

7

8

9

10

11

12

13

6 8 10 12 14 16

Predicted Feed Intake (kg DM/d)

A
ct

ua
l 
Fe

ed
 I

nt
ak

e 
(k

g 
D
M

/d
)

High ADG 

Low ADG 
What the 

producer wants 
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Residual Daily Gain (RDG) 
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More efficient animals 
“over the line” 

ADG = DMI + LWT + … + RDG 



So….. 
• RFI 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 

 



Options to improve feed efficiency 

DMI ADG

RFI 9.2 1.71

RG 10.7 2.18

RIG 9.9 2.06

300 kg weight to 
gain 

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) 

• Intake per kg live-weight 

• Residual feed intake 

• Residual solids production 

Ratios 
Simple 

Principle from 
beef 
Not common 



Is RFI/RSP really useful in mature animals? 
RFIt = DMIt – ([Milk]t + BWt

0.75 + ΔBWt + BCSt) 
RSPt = MSt –  (DMIt   + BWt

0.75 + ΔBWt + BCSt) 
 

DMI: 15.6 kg/d 
LWT: 452 kg 
Milk Yld: 24.83 kg/d 
Similar elsewhere 

DMI: 20.6 kg/d 
LWT: 602 kg 
Milk Yld: 24.89 kg/d 
Similar elsewhere 

RFI: -1.386 kg/d 
RSP: 0.174 kg 

RFI: -1.386 kg/d 
RSP: 0.194 kg 



Summary 
• Many alternative measures of (feed) 
efficiency 

• All have their own advantages and dis-
advantages 



Genetics of feed 
efficiency 



Review for cattle 



Review for pigs 



Review for poultry 



Heritability – growing cattle 

Meta-analysis of 45 studies/ populations 
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Most performance traits are 
around 35% heritable 

CVgRFI = 1-3% 
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Heritability – lactating cows 

Meta-analysis of 11 studies/ populations 

CVgRFI 4-7% 
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Heritability – sheep 

Meta-analysis of 4 studies/ populations 

CVgRFI 2-4% 



Heritability – poultry 

Meta-analysis of 10 studies/ populations 
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CVgRFI 2-5% 



Heritability – pigs 

Meta-analysis of 19 studies/ populations 
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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 



Critique 
(points for consideration) 



Modelling of metabolic live-weight 
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Koch’s model (non-linearity) 
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Factors influencing RFI 
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Factors influencing RFI 

Richardson & Herd (2004) 

eMWTFI 0.75 +=
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Factors influencing RFI 
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Who’s got more kilograms fat?? 

exFAT)MWT(ADGxFAT)(FATMWTADGFI 0.750.75 +++++=



Energy cost per step 
++= FAT|MWTFAT|ADGFI 0.75

eActivity|MWT0.75 +



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 RFI 0.06 

•Picking up genetic correlations with WT and 
ADG 



An alternative approach 
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Mixed models (PROC MIXED) 

• Models that include  
• fixed effects   

• all classes of interest (treatment) 
• represent population mean 

• Random effects  
• levels drawn from a probability 
distribution  

• Deviations from population mean 
(random regression models) 



Maintenance efficiency 

Metabolic live-weight
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Maintenance efficiency 

Metabolic live-weight
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Mathematical representation 
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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? 



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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