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Short-Chain Fatty Acids (SCFA)
70% of daily energy requirement

CATTLE RELY ON FERMENTATION TO 
BREAK DOWN COMPLEX NUTRIENTS 

AND UTILIZE THAT ENERGY FOR 
MILK AND MILK COMPONENTS Microbial Protein

SCFA

Vitamins
β - linkages

Bacteria (1 x 1011 cells/mL)
Archaea (1 x 109)
Protozoa (1 x 106)

Fungi (1 x 105)
Viruses (1 x 109)

Microbial Protein 
60% of daily protein requirement

Lower Gut

ENTERIC FERMENTATION IN RUMINANTS 

Van Soest (1994)



EXPERIMENTAL DESIGN

Days prepartum Days postpartum                            

CALVING

0

144 d

Weekly evaluation of milk production and 
monthly evaluation milk fat and protein %

1507
7 d-7 d

-7

Rumen fluid samples 
(n=115)

Rumen fluid samples 
(n= 115)

Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 
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*

PARITY AND TIME RELATIVE TO CALVING:       RUMEN MICROBIOME

Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 

5 Ruminant Nutrition Symposium – UF - 2024



PREPARTUM MICROBIOME – HIGHER DIVERSITY

Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 
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PROTOZOA:      POSTPARTUMFUNGI:     PREPARTUM

Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 
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MICROBIOME PREDICTED AND ACTUAL MILK PRODUCTION   

Deltaproteobacteria, Faecalibacterium and Virgibacillus Prevotellaceae, Micrococcaceae and Butyrivibrio
Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 
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▸ Pre and postpartum microbiome: different prevalence of classic
cellulolytic and amylolytic bacteria

▸ Prepartum = increased prevalence of fungi associated with cellulose
digestion

▸ Postpartum = increased prevalence of protozoa associated with starch
digestion

▸ Rumen microbiome model had a high goodness of fit of the regression
models for milk production

CONCLUDING REMARKS

Lima et al., 2015. Appl Environ Microbiol. PMID: 25501481 
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HOW DOES THE MICROBIOME CONTRIBUTE TO MILK 
PRODUCTION EFFICIENCY?

Xue et al., 2020. Microbiome. PMID: 32398126
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RFI in the U.S. Holstein
Heritability = 0.14 
Reliability = 0.24

Bach et al. (2020); Connor et al. (2013); Freetly et al. (2020) 

RUMEN MICROBIOME RESILIENCE 
AND ASSOCIATION WITH FEED 

EFFICIENCY

SAME LEVEL OF PRODUCTION
DMI, Observed

D
M

I, 
Pr

ed
ic

te
d

Negative RFI = Most Efficient
Cow eating less than predicted

Positive RFI = Least Efficient
Cow eating more than predicted

Residual Fed Intake (RFI)

Negative RFI = EfficientPositive RFI = Not efficient
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Days in milk (DIM)

M
ilk

 p
ro

du
ct

io
n,

 k
g

7

Calving

21

Post-partum

50

Peak of milk
production

90

Peak of 
feed intake

130

Mid- to end-
lactation

DMI

Milk
Production

BW, BEC, Milk production, MFY, MLY, MPY, GFE, MFE, MLE, MPE, RFI, etc…

EXPERIMENTAL DESIGN
n = 18

Very similar conditions (all primiparous)Monteiro et al., 2022. Sci Rep. PMID: 35318351 
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RUMEN MICROBIOME LOWER GUT MICROBIOME

*No interaction with DAY was detected for the remaining variables

Sampling effect

Monteiro et al., 2022. Sci Rep. PMID: 35318351 
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Results – PERMANOVA
Corrected for DMI

Monteiro et al., 2022. Sci Rep. PMID: 35318351 
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PcOA:Permanova & LEFSE for MBW, BEC, & NESEC

Monteiro et al., 2022. Sci Rep. PMID: 35318351 
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Monteiro et al., 2022. Sci Rep. PMID: 35318351 

PcOA:Permanova & LEFSE for BEC, & NESEC
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Monteiro et al., 2022. Sci Rep. PMID: 35318351 

Correlation of rumen & lower gut microbiome with DMI
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Monteiro et al., 2022. Sci Rep. PMID: 35318351 

Correlation of 
rumen & lower 

gut microbiome 
with DMI

19 Ruminant Nutrition Symposium – UF - 2024



▸ The microbiome from both locations has temporal stability throughout
lactation.

▸ Yet factors such as feed intake levels significantly shape microbiome
diversity.

▸ The composition of the rumen microbiome was dependent on feed intake.
▸ In contrast, the lower gut microbiome was less dependent on feed intake

and associated with a potentially enhanced ability to digest dietary
nutrients.

▸ Therefore, milk production traits may correlate more with microorganisms
in the lower gut than previously expected.

CONCLUDING REMARKS

Monteiro et al., 2022. Sci Rep. PMID: 35318351 
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Animal Genetics

Gastrointestinal 
Fermentation

Management

SOURCES OF VARIATION FOR FEED AND MILK 
PRODUCTION EFFICIENCY
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Supply of
Nutrients

Milk
Production

Feed intake
Lower gut

The rumen microbiome plays a major role in feed efficiency variation and can be a 
path to identify highly feed-efficient dairy cows.

Use the rumen microbiome 
to improve FE prediction 

reliability

HYPOTHESIS
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University of Florida

University of Guelph

UC Davis

n = 219Total dairy cows: 454
All characterized for:

Feed efficiency
Genomic transmitting ability

Rumen microbiome

n = 235

COLLABORATION US - CANADA
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Artificial intelligence opportunities

HIDDEN PATTERNS IN 
COMPOSITIONAL DATA

MULTICOLINEARITY
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581
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Predicting dry matter intake (DMI)

R2 = 0.64
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



Distribution of RFI in the studied population

454 lactating cows
Daily measurements for 50 days

(50 to 100 days in milk)
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



Rumen microbiome differences (n = 454)

Most Least

Monteiro et al., 2022. J Dairy Sci. 106(1):141-142
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Including the 
microbiome on 
DMI prediction
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



Using the microbiome 
to predict RFI

31 Ruminant Nutrition Symposium – UF - 2024

Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



Using the microbiome to predict RFI
RFI DMI
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



The microbiome and milk production efficiency

MILK FAT EFFICIENCY MILK PROTEIN EFFICIENCY 

Monteiro et al., 2022. J Dairy Sci. 106(1):141-142
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Bacteria are 
associated 
with RFI
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



Hypothetical selection for RFI, and the rumen microbiome 
interplay with genomic PTA, and phenotypic RFI
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581



▸ Rumen microbiome composition explains a significant portion of the variation in RFI,
presenting a promising site of exploration for future improvements in predictive models
to decrease the dairy sector’s carbon footprint.

▸ The associations of RFI, as well as MFE, MPE, and their residuals with the rumen
microbiome, unraveled through an ensemble method, further indicate key microbial
players that could be targeted further to evaluate their effect on the efficiency of dairy
cows.

▸ Additionally, the predictability of heritable traits by the rumen microbiome underscores
the need for future research to dissect host-microbiome interactions in shaping feed and
milk production efficiency.

CONCLUDING REMARKS
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Monteiro et al., 2024. Animal Microbiome. 6:5 PMID:38321581
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Boggio et al., 2024. J Dairy Sci. TBC. PMID: 38135048
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Models including genome, microbiome, and genome-by-
microbiome interaction effects to explain the phenotype

Boggio et al., 2024. J Dairy Sci. TBC. PMID: 38135048
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Variance, heritability, direct heritability, microbiality, and 
Holobiability

Boggio et al., 2024. J Dairy Sci. TBC. PMID: 38135048
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Proportion of variance explained by models

Predictive ability of 
kernel-based models 

Boggio et al., 2024. J Dairy Sci. TBC. PMID: 38135048



▸ Incorporating the rumen microbiome information in addition to genomic data allows for
revealing the relative effects of the host genome and the microbiome on feed efficiency
traits in dairy cattle.

▸ Rumen microbiome data can be used to estimate host direct and indirect genetic effects
on feed efficiency.

▸ Indeed, the differences obtained between the heritability and the direct heritability
strongly suggest that the microbiome mediates part of the host genetic effect.

▸ The holobiont model, which incorporates the host genome-by-microbiome interaction,
provides further insights into the biological mechanisms underlying dairy cow feed
efficiency.

CONCLUDING REMARKS
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Boggio et al., 2024. J Dairy Sci. TBC. PMID: 38135048
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