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Residual Feed Intake (RFI) 

RFI = DMI observed – DMI expected

preferred parameters for genetic selection 

àno correlation with BW and performance

àheritable trait

Beef cattle and feed efficiency

Beef cattle have a low feed efficiency, but there exists between-animal variability

 improve individual feed efficiency is a focus target for future livestock farming

74rd EAAP, August 26th - September 1st, 2023, Lyon (Mottet et al., 2017; MacLeod et al., 2018)
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No studies have tried to rank the relative importance 

of the various digestive traits 

in discriminating divergent RFI bulls

Beef cattle and feed efficiency

Several researches studied metabolic determinants for RFI, 

often focused on only few traits, or on a single diet

74rd EAAP, August 26th - September 1st, 2023, Lyon

Diets may affect differently the digestive traits and their relationship with RFI
(Cantalapiedra-Hijar et al., 2018; Guarnido-Lopez et al., 2022)

Lack of large studies on digestive determinants on contrasted diets
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AIMS

1. Identify digestive traits in bulls fed contrasted diets that 
phenotypically diverged in RFI 

2. Explore the hierarchy among digestive traits in their 
ability to discriminate RFI divergent bulls

74rd EAAP, August 26th - September 1st, 2023, Lyon
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Experimental design

N = 100 
(50 x 2 years)

Maize silage (MS) (n=50)

74rd EAAP, August 26th - September 1st, 2023, Lyon

Grass silage (GS) (n=50)

ADAPTATION

DIGESTIBILITY N=32

INGESTION, BW, ADG N=100

ENTERIC CH4, CO2, H2 EMISSIONS N=100

RFI Test 198 days N=100

FEEDING BEHAVIOUR N=100

RUMEN pH N=32

Slaughter 
measurements

 N=32

(Bes et a., 2022; Guarnido-Lopez et al., 2022)

Extreme RFI + (N=4 x 2 years)

Extreme RFI – (N=4 x 2 years)

Extreme RFI + (N=4 x 2 years)

Extreme RFI – (N=4 x 2 years)

N=32 (16 x 2 years)
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Measurements and analysis

74rd EAAP, August 26th - September 1st, 2023, Lyon

ü Intake and performances  automatic weighing troughs

ü Enteric gas measurements (CH4, CO2, H2)  GreenFeed® system

ü Total tract apparent digestibility  metabolic cage

ü Transit rate: titanium dioxide (TiO2) as marker
12g/day x 10 days, then faeces collection in kinetics for 124 h

ü Kinetics of reticulo-rumen pH parameters  pH Bolus e-cow

ü Feeding behaviour  collars Axel Medria® 

IN VIVO

(Bes et al., 2022)

(Glindemann et al., 2009)
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Measurements and analysis

74rd EAAP, August 26th - September 1st, 2023, Lyon

ü Rumen content particle size

ü Visceral organ weight

ü Reticulo-omasal orifice (ROO) size 

ü Rumen and ileum histology
Papillae length and width, papillae absorbent area, total absorbent surface of papillae, 

crypt area, crypt perimeter, crypt lumen area, n of cells in the ileal crypt, …

POST MORTEM

2 cm
50 µm
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Statistics

74rd EAAP, August 26th - September 1st, 2023, Lyon

ü GLM model = RFI group + diet + year+ interactions

ü GLM model =  diet + year + interactions 

+ RFI value (covariate)

EFFECT OF RFI GROUP (as established from the first test day 1 to 85)

RELATIONSHIP BETWEEN LONG TERM RFI (day 1 to 198) 

AND DIGESTIVE TRAITS

ü PLS to obtain VIP

ü Correlation matrix to avoid autocorrelation

HIERARCHY BETWEEN DIGESTIVE TRAITS DISCRIMINATING RFI GROUPS

ü Variable selection  LDA

Correlation coefficient between digestive traits 

and std. LDA function
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Results: Effect of RFI group

Item RFI- RFI+ SEM
Significance

RFI group Diet x RFI

Rumen size (% of empty BW) 1.65 1.80 0.061 ** ns

CH4 yield (g/kg DMI) 28.4 27.1 0.67 † ns

Ileal crypt cells (n) 25.1 27.2 1.49 * ns

Time pH < 5.8 (min) 107 4 59.3 † ns

Rumen small particle size (%) 14.15 15.35 0.642 † ns

74rd EAAP, August 26th - September 1st, 2023, Lyon

• Similar ADG (1.36± 0.011 kg/day) and BW (543 ± 9.8 kg)

• Significant Diet x RFI interaction: 
RFI-  GS: < transit rate MS: shorter resting events; < ROO size
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Results: Relationship between long term RFI and digestive traits 

Item
RFI 

coefficient
SE

Significance

RFI Diet x RFI

Rumen size (% of empty BW) 0.18 0.109 † ns

Abomasum size (% of empty BW) 0.09 0.032 * ns

Ingestion cycle duration (min) 3.3 1.57 † ns

Other activities time (min) -56 22.9 ** ns

• Trend for Diet x RFI (P<0.1) : 
GS: transit rate (+); N apparent total tract digestibility (+); ROO size (-); 

74rd EAAP, August 26th - September 1st, 2023, Lyon



 11

Item Absolute correlation coef. with LDA function

Rumen size (% of empty BW) 0.69
Time pH < 5.8 (min) 0.34

ROO diameter (mm) 0.28

Rumen small particle size (%) 0.28

CH4 yield (g/kg DMI) 0.27

Ingestion cycle duration (min) 0.18

Transit rate ([Δ ln g TiO2/kg faecal DM]/h) 0.06

Resting time (min) 0.02
74rd EAAP, August 26th - September 1st, 2023, Lyon

Results: Hierarchy between digestive traits discriminating RFI 
groups

Sensitivity: 83%, Specificity 88%
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• Rumen size = most discriminating trait: efficient bulls  smaller rumen 
Visceral organs consume 60% metabolizable energy for maintenance

Rumen size role in discrimination may suggest a greater importance of 
metabolic rather than digestive traits as determinants for feed efficiency

• RFI divergent bulls differed in a few digestive traits
• Some differences were diet-dependent

Conclusion

73rd EAAP, 5-9 September 2022, Porto

• Results obtained comparing RFI groups from the 1st feed efficiency test, 
were in agreement with regressions using the long term RFI values
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Thank you for your attention

Contact: pierre.noziere@inrae.fr

Coppa et al., Animal (in revision)

mailto:pierre.noziere@inrae.fr

