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Meeting future demand for animal-

protein foods 

 Global demand for food is projected to double by 2050: 

 Global population will increase from 6.8 to 9 billion by 2050 

 Rising per capital incomes will drive demand for meat 

 Rising feed, fuel and fertilizer costs, and societal concerns about 

energy policy and environment have created economic 

challenges for the animal agricultural industries 

  Adoption of technologies 

to enhance genetic merit 

for feed efficiency is 

arguably one of the most 

cost-effective strategies 

to meet future demands 

for animal-protein foods 

in an environmentally 

sustainable manner   

 

Corn, ¢ per bu 



Outline of Presentation  

 Perspective on beef production efficiency 

 Genetic merit for feed utilization traits in 
growing cattle 

 Biological basis for residual feed intake 

 Can we select for efficient beef cows? 

 Will selection for feed efficiency impact beef 
quality and other economically relevant traits? 

 Opportunities and challenges to adopting feed 
efficiency technologies 



Beef Profitability:  
Function of outputs 

and inputs 

Productivity of US beef industry:  

 Beef production per total 

inventory has increased 80% in 

last 50 years (Elam & Preston, 2004) 

Carcass production 

Cattle inventory 

Productivity Drivers: 

 Nutrition (grain-based programs) 

 Pharmaceutical technologies 

 Reproductive technologies 

 Pasture productivity  

 Crossbreeding (heterosis) 

 Selection for output traits (Use of 

EPDs) 



Certified Angus Beef 

Specifications: 

 Marbling ≥ modest  

 REA 10.0 to 16.0 in2 

 Carcass wt < 1,000 lb 

 “A” maturity 

 Medium or fine marbling 

texture 

 Fat thickness < 1.0 in 

 Muscling ≥ moderate 

thick 

 No “dark cutters” 

 No hump > 2-in height 
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Selection for output 

traits in beef cattle 

Impact on carcass 

weights 



Growth selection 

studies†  Breed 

Impact of selection on 

feed efficiency of progeny 

Irgang et al. (1985) Herford 

Feed:Gain ratio and(or) 

maintenance requirements 

were not favorably 

affected by selection for 

growth  

Herd et al. (1991) Angus 

Rust et al. (1995) Herford 

Branco et al. (2006) Nelore 

Almedia et al. (2007) Nelore 

“Divergent selection for growth produced different-

sized animals whose ability to convert feed to gain 

has not been altered” Herd et al. (1991) 

Selection for output 

traits in beef cattle 

Impact on feed 

efficiency of 

progeny 

†Selection for growth traits occurred for 15-25 years. 



Broiler production 

traits 1957 strain 2001 strain 

Days to reach 4 lb 

market weight 
101 32 

Feed:Gain ratio 4.42 1.47 

“Genetic selection was responsible for 85 to 

90% of the production efficiency gains, 

whereas the other 10 to 15% was due to 

improvements in nutrition”  
Havenstein et al. (2003)  

Selection for efficiency 

of growth in poultry 

1957 vs 2001 

genetics 



Feed energy budget for integrated beef 

production systems 

Energy for 
slaughter 
progeny 

30%         

Energy for 
Fetal Growth 

5% 

Energy for 
Milk 
14% 

Energy for 
Cow 

Maintenance 
51% 

Beef 

Profitability 

Function of outputs and 

inputs 



Maintenance energy 

requirements 

Genetic antagonism with 

level of productivity 

Montano-Bermudez et al. (1990) 
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rp = -0.72 

 Measuring feed intake in 

beef cattle is difficult and 

expensive 

 The traditional feed 

efficiency trait (Feed:Gain 

ratio) has limited value for 

selection 

 F:G negatively correlated 
(Koots et al., 1994): 

 Postweaning ADG (rg = -0.67) 

 Yearling BW (rg = -0.60) 

 Cow mature size (rg = -0.54) 

Genetic merit for feed 

efficiency 

Why has beef industry 

not responded?  



 Trait should be independent of mature size to enable 
the genetics of growth to be uncoupled from genetics of 
efficiency  

 Heritable and responds to selection 

 Favorably linked with biologically relevant processes 
associated with efficient utilization of feed (e.g., 
digestibility, heat production) 

 Favorably associated with cow efficiency 

 Minimal genetic antagonisms with other economically 
relevant traits (e.g., carcass quality, fertility) 

Genetic merit for feed 

efficiency 

Attributes of an ideal 

trait for beef cattle  



 RFI is a feed efficiency trait 

that quantifies variation in feed 

intake that is unrelated to BW 

and ADG in growing cattle 

 Efficient animals are those that 

consume less feed than 

expected for a given BW and 

growth rate 

 RFI is moderately heritable, 

and is genetically independent 

of growth traits 

Genetic merit for feed 

efficiency 

Residual feed intake 

(RFI) 

R² = 0.322 
6
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 Therefore, RFI is a trait that uncouples genetics of efficiency 

from the genetics of production 

 



†Low and high RFI heifers were ± 0.50 SD from mean 

RFI. 

a,bMeans differ at P < 0.001. 

Study with 468 

heifers 

Low 

RFI† 

High 

RFI SE 

No. of heifers 150 142 --- 

RFI, kg/day -0.78a 0.83b 0.04 

Weaning BW, kg 241 236 2.6 

Initial BW, kg 272 271 3.1 

ADG, kg/day 1.01 1.01 0.02 

DMI, kg/day 8.76a 10.34b 0.09 

F:G ratio 8.75a 10.42b 0.13 

Lancaster et al. (2009) 

RFI h2 = 0.47 ± 

0.13 

Genetic merit for 

feed efficiency 

RFI in growing heifers—

Camp Cooley Ranch 



Calves with Low RFI (more efficient): Reference 

Lower heat production Nkrumah et al. (2006) 

Lower heart rates Hafla et al. (2010) 

Less methane produced Hegarty et al. (2007) 

Higher nutrient digestibility Krueger et al. (2008) 

Less carcass fat Ribeiro et al. (2008) 

More efficient muscle mitochondria Kolath et al. (2006) 

More efficient liver mitochondria Lancaster et al. (2007) 

Less time eating per day Lancaster et al. (2009) 

Genetic merit for 

feed efficiency 

Biological basis for variation 

in RFI of growing cattle 



Heifers with low RFI phenotypes: 

Excreted 32% less (P < 0.05) fecal DM 

Excreted 36% less (P < 0.05) fecal nitrogen 

Genetic merit for 

feed efficiency 

Impact of RFI on nutrient 

digestibility 

Krueger et al. (2008) 



†Low and high RFI steers were ± 0.50 SD from mean RFI. 

a,bMeans differ at P < 0.001. 

Study with 508 

steers 

Low 

RFI† 

High 

RFI SE 

No. of steers 152 160 --- 

RFI, kg/day -0.91a 0.87b 0.04 

Initial BW, kg 310 310 3 

ADG, kg/day 1.69 1.69 0.02 

DMI, kg/day 9.56a 11.33b 0.09 

F:G ratio 5.82a 6.86b 0.08 

Rib-fat depth, cm 0.64a 0.77b 0.02 

Feeding freq., #/d 53a 65b 1.3 

Meal duration, min/d 122a 144b 3 

Walter et al. (2011) 

Genetic merit for 

feed efficiency 

RFI in finishing composite 

steers—Rex Ranch 

RFI h2 = 0.47 ± 

0.13 



 RFI is moderately heritable and responds to 

selection 

 Genetically independent of growth traits so 

selection for improved RFI will not increase cow 

mature size 

 RFI is associated with biologically relevant 

processes (e.g., heat production, digestion, 

composition of growth, feeding behavior) that are 

favorably linked to improved feed efficiency 

 Selection indexes based on RFI will lead to 

reductions in nitrogen and phosphorus excretion 

and greenhouse gas (CH4) emissions 

Summary 

points 
RFI in growing beef cattle 



Efficiency  

of feedlot cattle 

Cow efficiency and 

productivity 

Efficiency  

of stocker calves 
? 

Impact of selection 

for RFI on feed 

efficiency in other 

sectors of the 

industry? 

? 

? 



Hafla et al. (2011); a,bMeans differ at P < 0.01. 

 Bonsmara heifers (N ≈ 60 per yr) ranked by RFI phenotype 

 Heifers with lowest and highest RFI (n = 12/yr) retained for breeding 

Two-year 

summary 

Heifer RFI 

Low High SE 

No. of heifers 24 24 -- 

RFI, kg/d -0.97a 0.89b 0.8 

Initial BW, kg 323 328 6 

ADG, kg/d 1.42 1.58 0.34 

DM Intake, kg/d 7.27a 9.09b 0.44 

F:G ratio 5.84a 7.00b 0.41 

Bonsmara 

heifers 

Associations between heifer RFI 

and cow DMI and performance 



Hafla et al. (2011); a,bMeans differ at P < 0.01. 

Heifer RFI 

Cow traits Low High SE 

No. of females 20 22 -- 

Initial BW, kg 494 485 8 

ADG, kg/d 0.51 0.62 0.05 

Forage DMI, kg/d 9.0a 11.6b 0.54 

Final BCS, 1 to 9 4.93 5.01 0.07 

Rump fat depth, cm 1.18 1.13 0.08 

Divergent 

RFI heifers 

Impact on DMI and BSC of mid-

gestation Bosmara females  



Hafla et al. (2011); a,bMeans differ at P < 0.05; x,yP < 0.10.  

Heifer study: 

Heifer RFI 

Low   High  SE 

HR, beats/min 90.7a 92.8b 1.8 

Steps, counts/h 45.2 41.5 5 

Standing, min/h 28.3 26.8 0.5 

Divergent 

RFI heifers 

Impact on heart rate (HR) and 

physical activity  

Mid-gestation 

study: 

  

Low  High SE 

HR, beats/min 65.8a 71.1b 1.7 

Steps, counts/h 109x 94y 6 

Standing, min/h 33.7 33.1 0.6 



 Strong association between heifer RFI and 

efficiency of forage utilization in pregnant (Hafla et 

al., 2011) and lactating cows (Black, 2011) 

 Cows with divergent RFI had similar mature body 

weights, and calf weaning BW (Arthur et al., 2005; 

Basarab et al., 2008) 

 Selection for low postweaning RFI appears to 

reduce cow maintenance energy requirements 

without negatively impacting productivity  

 More research needed to examine associations 

between RFI and cow efficiency across multiple 

production environments 

Summary 

points 

Impact of selection for RFI 

on cow production efficiency 



? 

? 

? 

Cow fertility 

Bull-fertility traits 

Carcass-quality traits 

Impact of selection 

for RFI on other 

economically 

relevant traits? 



Divergent RFI—Rex 

Ranch steers 

Impact on carcass-

quality traits 

Data from 3 studies 

with steers (N = 508) Mean SD 

RFI, kg/day† 0.0 0.79 

Carcass weight, kg 309 25 

Adj. fat thickness, cm 1.21 0.36 

REA, cm2 75.6 6.6 

Yield grade 2.95 0.55 

Marbling score 415 66 

WBSF (1-d), kg 2.49 0.59 

WBSF (14-d), kg 2.01 0.36 

†Low and high RFI steers were ± 0.50 SD from mean RFI. 
a,bMeans differ at P < 0.001; x,yP < 0.10.   Behrens et al. (2011) 

Low RFI 
(n = 152) 

High RFI 
(n = 160) 

High  

vs Low 

-0.91a 0.87b -- 

312 308 ND 

1.12a 1.26b 12% 

76.8a 74.4b  -3% 

2.82a 3.05b 8% 

406x 424y  4% 

2.47 2.48 ND 

2.00 1.96 ND 



Divergent RFI—Rex 

Ranch steers 

Impact on carcass 

value and net revenue 

Data from 3 studies 

with steers (N = 508) Mean SD 
Low RFI 

(n = 152) 

High RFI 
(n = 160) 

High  

vs Low 

RFI, kg/day† 0.0 0.79 -0.91a 0.87b -- 

Feed costs, $/hd†† 550 97 514a 587b +$73 

Carcass value, $/hd* 1,301 121 1,312 1,295 -$17 

Net revenue, $/hd** -52 108 -7a -99b $92 

Walter et al. (2011) 

†Low and high RFI steers were ± 0.5 SD from the mean RFI. 
††Feed costs = [actual + expected group-fed intake] x $295/ton. 

*Carcass value = grid formula adjusted for carcass weight, YG, QG and WBS > 3.9. 

**Net revenue = carcass value – (feed + yardage + feeder calf costs). 
a,bMeans differ at P < 0.001. 



Divergent RFI—Deseret 

Ranch heifers 

Impact on carcass-

quality traits 

Data from 6 studies with 

heifers (N = 889) Mean SD 

RFI, kg/day† 0.00 1.01 

Carcass weight, kg 288 28 

Adj. fat thickness, cm 1.25 0.46 

REA, cm2 76.0 8.4 

Yield grade 2.82 0.63 

Marbling score 442 99 

WBSF (14-d), kg 2.46 0.58 

Carcass value, $/hd* 1,215 147 

Behrens et al. (2011) 

†Low and high RFI heifers were ± 0.50 SD from mean RFI. 

*Carcass value = adjusted for carcass weight, YG, QG and WBS > 3.9. 
a,bMeans differ at P < 0.001. 

Low RFI 
(n = 258) 

High 

RFI (n = 

275) 

High  

vs Low 

-1.19a +1.15b -- 

288 289 ND 

1.19a 1.30b 12% 

75.7 75.6 ND 

2.77a 2.89b  4% 

440 447 ND 

2.42 2.45 ND 

1,210 1,219 ND 



 Ultrasound backfat depth 9-14% greater in calves 

with high vs low RFI in studies with steers, heifers 

and bulls fed high-roughage diets (Carstens et al., 2002; 

Lancaster et al., 2009) 

 In finishing steers and heifers, carcass fat thickness 

was 12% higher and YG 4-8% higher in calves with 

high compared to low RFI 

 Weak to moderate correlations with carcass fat traits 

suggest that selection for RFI may lead to 

reductions in quality grade 

 Tenderness and grid-carcass values were not 

affected by RFI phenotype 

Summary 

points 

Impact of selection for RFI 

on carcass quality 



Data from 6 studies 

with heifers (N = 889) 

Calm 

temperament 
(n = 275)† 

Excitable 

temperament  
(n = 259) 

Excitable 

vs calm 

ADG, kg/d 1.45a 1.28c -12% 

DM intake, kg/d 10.29a 9.62c -6% 

F:G ratio 7.36a 8.23c +12% 

Carcass weight, kg 296a 287b -3% 

Yield grade 2.98a 2.80b -6% 

Marbling score 463x 435y -6% 

WBSF (1-d), kg 3.41a 3.88b +14% 

Carcass value, $/hd 1,246a 1,185b -$61 

Divergent temperament—

Deseret Ranch heifers 

Impact on carcass 

quality traits 

†Calm and excitable heifers were ± 0.50 SD from mean exit velocity. 

*Carcass value = adjusted for carcass weight, YG, QG and WBS > 3.9. 
a,bMeans differ at P < 0.001. Behrens et al. (2011) 



Installed October 2005 

Synder Livestock Co., 

Nevada 

Installed Fall 2006 

Midland Bull Test 

Installed Spring 2007 

Installed Spring 2004 

Installed Fall 2007 



 Costs to measure intake expensive 

even with GrowSafe technology 

 More test facilities to measure feed 

intake in cattle are needed 

 Need accurate EPDs for RFI  

 Further discovery and validation of 

robust genetic markers for RFI 

across multiple breeds needed 

 Need to develop multi-trait selection 

indexes that incorporate RFI   

 Need to develop indicator traits for 

RFI (e.g., feeding behavior traits) 

 

Adoption of feed 

efficiency technologies 

Barriers to 

adoption 



Incorporation of RFI in breeding programs: 

 No impact on growth or cow mature size 

 Reduce feed costs in all sectors of the industry 

 Improve profitability of integrated beef production 

systems 

 Minimal impact on other economically relevant 

traits 

 Reduce stocking pressure on grazing lands 

 Reduce manure N and P excretion and 

greenhouse gases emissions (carbon offset 

market?) 

Adoption of feed 

efficiency technologies 
Opportunities 



Adoption of feed 

efficiency technologies 
Opportunities 

Development of GHG offset protocol (Canada): 

 Climate Change and Emissions Management Act—July 2007 

 Companies emitting > 100,000 T of CO2e per year need to reduce 

emissions by 12% annually 

 Companies unable to meet 

requirement can pay $15/T 

CO2e or purchase carbon 

offsets in Alberta market 

 Alberta Environmental 

Agency currently reviewing 

protocol to reduce GHG 

emissions by selecting 

cattle for low RFI 

Basarab (2011) 



Thanks for your attention! 

Which steer ate 28% less feed then the other 

even though BW and ADG were similar? 

★ 
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