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Residual feed intake, net feed 
intake, feed efficiency - is it real?

Divergence from expected intakes

Which are most efficient?



The coefficient of variation for maintenance 
energy requirements in beef cattle is 10 –
12%; --- ample room for improvements

Don Johnson  et al., 2003

The variation associated with the biochemistry 
of digestion and  metabolism will also affect 
energy required for synthesizing product



Bases for variation in efficiency
• Feeding pattern 2%
• Body composition 5%
• Activity 10%
• Digestibility 10%
• Heat increment (digestion, efficiency)  10%
• Stress, Protein turnover, metabolism

(nutrients absorbed; Na/K leakage?) 37%
• Unaccounted 27%

From beef cattle; Richardson & Herd, 2004



Performance data during an 77-day growing trial:

242 kg Initial body weight 241 kg
0.96 kg/day Average daily gain 0.98 kg/day
685 kg Expected feed intake 684 kg
780 kg Actual feed intake 560 kg

The more efficient steer gained the same, but ate 220 kg less feed 
than the less efficient steer

Comparison of steers  - from Carstens 2005



Why focus on the rumen?
• The rumen is a fermenter that turns pasture 

(feed) into nutrients needed for maintenance 
and production

• 65% of digestion takes place in the rumen
• Provides 60-70% of nutrients (mainly VFA)
• Feed accounts for 50-70% of production costs
• Cows regulate their microflora and products of 

digestion
– Efficiency can be through the microflora



in 80–130 kg  digesta; 12–13 % DM

Abomasum, true 
stomach, 3kg

Intestine- 45 m;  
AA absorption

Takes 18 -30 hours to go from mouth to the other  end

Chewing
12-14h/day

out

The cows rumen
RUMEN

Digested by bacteria
Produce VFA; acetate

Propionate, 
Butyrate, bacteria, 
methane, ammonia



Dairy cow Rumen Statistics
• Saliva 90 - 120 litres/day
• Bacteria 1010/ml; archaea 109/ml, protozoa 

106/ml
• Residence time - liquid 6-8h; solids 12-24h
• Feed chewed 2-3 times
• Fibre (40-60% of diet) would not be 

digested without the bugs
• Loss of 4-8% of feed energy to methane



Animal variation in digestion and FCE

• Size and fill of the digestive tract
• Overall digestibility

– Sites of digestion 
– Rate of passage; chewing

• Microflora (regulated by the cow)
– Products of digestion
– Rate of digestion
– Microbial growth

• Voluntary intakes



Digestion
• In steers with high, medium and low FCE

DM digestibility was 75.3%, 73.4%, 70.9%
– Possible causes: chewing, intake, fill, passage, 

meal patterns etc

• Gastro-intestinal tract 5% smaller and liver 
8% smaller in efficient steers

• But a large rumen and slow passage would 
increase digestibility

Nkrumah et al., 2006; Basarab et al., 2003 



Methane emissions
• 7% less in efficient steers
• 25% less in efficient steers
• Emissions from US Holsteins 16-20% less 

(/kg DMI) than NZ Friesians
• For comparison, should emissions be 

absolute values or CH4/kg DM intake? 
Variations are greater at high intakes

Hegarty, 2005; Nkrumah et al., 2006; Robertson & Waghorn, 2002



Rumen microflora



Microflora is regulated by the cow
• Exchange rumen contents alters susceptibility to 

bloat for 24-36 hours.  Salivary proteins have been 
related to bloat. Bloat is heritable (h2 =.19; Morris, 1997)

• Larger differences in populations of fibre degrading 
bacteria between cows than due to diet composition 
(Weimer et al, 1999)

• Can affect an immune response to archaea (Wright et 
al., 2004)

• Regulation through saliva and salivary proteins, 
chewing, mixing in the rumen and rate of passage



A rumen bugs life
• Bacterial growth can capture up to 12% of 

substrate energy 
• At maintenance produce VFA, CO2, NH3 etc

– Species and substrates effect type and amount of 
VFA

– Remaining energy is lost as heat

• Archaea make methane; 4-8% of feed energy 
• Protozoa appear to provide few benefits
• Fungi  – limited impact with high quality diets



Microflora affect rates of digestion
• Incubating minced plant material 
in nylon bags (Waghorn &Caradus 1994)

Cow A Cow B
Loss of dry matter in 4h 28% 52%
Loss after 8 hours 38% 55%

NB. Bacteria work for themselves, not the cow



Importance of digestion products

• Energy capture during digestion of:
– Glucose to yield two Acetate: 62%
– Glucose to yield one Butyrate: 78%
– Glucose to yield two Propionate: 100%

• Post absorption efficiency of energy capture as 
“ATP” by oxidation
– Propionate 36%
– Butyrate 38%
– Acetate 35%
– Protein 29%



Substrates for fat synthesis 

Efficiency of energy storage from:
• Long chain fatty acids 97%
• Acetate 77%
• Amino acids 65%



How big are the differences?
• rates of digestion in the rumen 20%
• energy loss to methane 15%
• rumen capacity 30%
• nutrient supply 10%?

– amount and type of VFA 
– bacterial efficiency and growth 

– down stream effects on efficiency of utilisation:
• costs of acetate removal, in sufficient propionate 

and excess ammonia



Consequences and opportunities

• Genetic markers could identify efficient 
individuals without defining the causes

• Understanding the bases of differences  
between individuals will enable 
– Beneficial aspects of production to be 

targeted 
– Specific processes to be manipulated

• Future focus – digestibility and the 
microflora



The rumen contributes to variance between 
individuals; we need to identify, understand, 
regulate and optimise function and microbial 
fermentation.



Thank you


