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Animal 
productivity

Animal production challenges

+ Health

+ Efficiency

↘Environment impact

Expansion of 
cattle herds

Cattle global heads:
2020: 1.53 billons

By 2029: 1.8 billons (OECD, 

2021)

Adverse environmental 
consequences

• OECD-FAO Agricultural Outlook 2022-2031.
• OECD. Making Better Policies for Food Systems. Paris: OECD; 2021. 

Global demand of
milk and meat by
2031,↗~15%

(OECD-FAO, 2022)

Residual Feed Intake
(RFI) is one of the main
ways to improve the

sustainability and

profitability of the

livestock sector (FAO, 2018)

Feed efficiency 
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Objective:

To examine the relationship between divergent

RFI phenotypes and the taxonomic and
functional profiles of the rumen microbiome
in fattening Charolais bulls fed two contrasting
diets

Hypothesis:

The divergent phenotypes of RFI would exhibit
distinct taxonomic and functional profiles
of the rumen microbiome, but these profiles would
differ depending on the diet

Hypothesis and objective
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❖ However, digestive efficiency may differ due to nature of
diet

❖ Changing from a forage-rich to a concentrate-rich diet
can lead to changes in how animals are classified in
terms of RFI (Lahart et al., 2020)

Feed efficiency variability

1. Digestive efficiency:  

feed → nutrients

2. Metabolic efficiency: 

nutrients → products

(Martin et al., 2021) 

Why does the rumen microbiota matter?

➢ Rumen microbiome play a pivotal role in feed digestion

Rumen 
microbiome 

• Pauline Martin, Vincent Ducrocq, Philippe Faverdin, Nicolas C. Friggens. 2021. Invited review: Disentangling residual feed intake—Insights and approaches to make it more fit for purpose
in the modern context, Journal of Dairy Science. https://doi.org/10.3168/jds.2020-19844.

• Lahart, B., Prendiville, R., Buckley, F., Kennedy, E., Conroy, S. B., Boland, T. M., & McGee, M. 2020. The repeatability of feed intake and feed efficiency in beef cattle offered high-
concentrate, grass silage and pasture-based diets. Animal. https://doi.org/10.1017/S1751731120000853
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❖ Rumen sampling was 3 h post-feeding→ Fermentation profile and microbiome analysis

❖ gDNA and RNA extraction→ qPCR, 16S rRNA and RNA sequencing

❖ 16S rRNA: QIIME2 pipeline → vegan, phyloseq and MaAsLin2 in R software

❖ RNA seq: MetaTrans pipeline→ DeSeq2, MicrobiomeAnalysis and MTX model
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84 days

In brief:

❖ 100 Charolais bulls were evaluated for 2 consecutive years and with two contrasting diets

2019: n= 50 
bulls

2020: n= 50 
bulls

Corn silage : n= 25

Grass silage : n= 25

Corn silage : n= 25

Grass silage : n= 25

RFI test
Low RFI = High efficience (n=4)

High RFI = Low efficience (n=4)

Low RFI = High efficience (n=16)

High RFI = Low efficience (n=16)

RFI test
Low RFI = High efficience (n=4)

High RFI = Low efficience (n=4)

RFI test
Low RFI = High efficience (n=4)

High RFI = Low efficience (n=4)

RFI test
Low RFI = High efficience (n=4)

High RFI = Low efficience (n=4)

RFI result:
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Fermentative profiles and qPCR analysis

❖ Total VFA and fermentative profiles did not differ between divergent of RFI phenotypes, and no Diet × RFI interaction was found 
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❖ Total bacteria and methanogens populations did not differ between RFI groups.

❖ Methanogens expressed per liquid rumen digesta weight tended to decrease in high efficient compared to less efficient bulls 

(Table 1)
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Rumen microbiota profiling

Ordination plot and permanova analysis

❖ Rumen microbiota differed between RFI groups within each diet (Fig. 2A and B)
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Redundancy analysis of the rumen microbiota. Adonis2 Test: Diet

effect, R2 = 0.18, P < 0.001, Year effect, R2 = 0.09, P < 0.001, RFI

effect (R2 = 0.03, P = 0.168)

Fig. 1
Adonis2 Test: 
RFI: R2 = 0.09, P = 0.04 
Year: R2 = 0.20, P < 0.001

Adonis2 Test: 
RFI: R2 = 0.07, P = 0.10 
Year: R2 = 0.24, P < 0.001

Corn silage diet

Grass silage diet
Fig. 2

❖ Diet was the main driver of the rumen microbiota variation, with no overall differences found between the RFI groups (Fig. 1)
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Rumen microbiota profiling
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Corn silageGrass silage

Differential abundances analysis

❖ Different profiles of rumen microbiota abundance were observed for each diet
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Table 2. Microbial functional categories abundances (cpm, mean ± SEM) of 

Charolais young bulls fed either a grass silage or corn silage diet.

Grass silage Corn silage

Fig. 3

❖ Diet was the main driver of the functional profiles of the rumen microbiota (Fig. 3A), with no overall differences found 

between the RFI groups (Fig. 3B)
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253 deKEGGs = 0.06% of the total read counts 

Fig. 4A

282 deKEGGs = 0.08% of the total read counts 

Fig. 4B

❖ Minor differences were found in the differential expression between the RFI groups for the grass (Fig. 4A) or corn silage diet

(Fig. 4B)
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➢ No differences in rumen microbial ecosystem between RFI groups (with only two exceptions)

Previous research studies: 
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➢ No consensus in relative abundances of rumen microbiota members between RFI groups
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Summary

1. Diet-related factors were the main drivers of rumen microbiota and function variations

2. The microbial profile slightly differed between RFI phenotypes but in diet-depend manner,

suggesting an interaction between the diet and RFI

3. No differences in fermentative profile and microbiota functional profiling were observed

between divergent RFI

Context and study goals Materials and Methods Results and Discussion Conclusion
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✓ To perform a meta-analysis-level study, as this would incorporate a larger number of animals, 

in particular, a common method for analyzing differential rumen microbiota abundance

Future research
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Thanks for your attention!

UMRH


