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History of ensiling

 First mention of ensiling nearly 3000 years 
ago

• Ancient Egyptians ensiled cereal grains 
to preserve the harvest

 Used in Medieval Europe

 Still remains as the most important forage 
conservation method  minimal changes in 
the practice itself

https://beefpoint.com.br/silagem-uma-breve-historia-65427/
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Why is ensiling important?

 Preservation of nutrients at harvest
• Minimize dry matter losses during 

fermentation and feed-out

 Inhibition of undesirable microorganisms

 Improve the aerobic stability of silage during 
feed-out

Drouin et al., 2019
Intech Open
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1950 1955 1960 1965 1970

Silage 
Microbiology

Molecular 
biology

First mention of silage microbiology

First sequencing: two chains of 
insulin protein

First organism to be completely 
sequenced

1975

First reported nucleic acid sequencing 
from Saccharomyces cerevisiae

First mention of sequencing in silage

Sequencing of “silage-like flora”

1901

First mention of silage in literature

DNA Structure (Watson & Crick)

Next generation sequencing

2005

First publication of metagenomics in 
silage

2010
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The application of molecular biology in silage is relatively new
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Defining OMICS and OMICS-based approaches

 Application of molecular biology to understand different levels of complexity in biological systems
 “…analyzing large amount of data representing structure and function of an entire makeup of a given 

biological system at a particular level.” (Dai and Shen, 2022)

~ome

~omics

complete set of genes, proteins, metabolites… 

analysis of one ~ome

Meta~ analysis from multiple species

Metagenomics
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External factors 
Pre-harvest conditions
Forage type
Moisture content
Etc.

Genomics/ 
metagenomics

Transcriptomics/ 
metatranscritomics

Proteomics/ 
Metaproteomics

Metabolomics

Who is there?
Community structure
Potential functions

Functional potential
Activity level

What happened?
Activity under 
tested conditions

• Genomic potential of L. buchneri CD034 (Heinl 2012)
• Community structure of corn silage during aerobic exposure 

after inoculation with different strains (Drouin et al., 2020)

• Gene expression analysis of high-moisture 
corn with different inoculation treatments 
(Drouin et al., 2023)

• Transformation of alfalfa proteins during 
ensiling with L. plantarum (Xia et al., 2025)

What happened?
Activity under tested 

conditions

• Transformation of alfalfa proteins during 
ensiling with L. plantarum (Xia et al., 2025)

External factors 
Storage conditions

Feed-out
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Metagenomics example: amplicon sequencing to characterize changes 
during aerobic exposure

Inoculated with 
heterofermentative 
strains

Non-inoculated
control

Drouin et al., 2020
Microbiology Open

Lactobacillacceae

Acetobacteraceae

Key message: 16S amplicon sequencing highlights changes in bacterial communities during aerobic deterioration 
in treated and untreated silage over 10 days.

Forage type: corn silage
Dry matter: 38-39%
Openings: 159 days (bagged silage)
Treatments: water-only control, two 
heterofermentative strains
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Transcriptomics example: gene expression analysis of high-moisture corn 
silage

Key message: Metatranscriptomics highlighted changes in gene expression across treatments.

Forage type: High-moisture corn
Dry matter: 70.8%
Openings: 120 days (RNA)
Treatments: water-only control, L. 
buchneri, two heterofermentative strains

Inoculation increased gene expression 
associated with protein and amino acid 
degradation  improved starch-D.

Drouin et al., 2023
Frontiers in Microbiology
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Proteomics example: characterizing individual strains 

Key message: Proteomics was applied 
to characterize protein metabolism of 
alfalfa silage  L. plantarum inoculation 
improved peptide-N availability.

Forage type: Alfalfa silage
Dry matter: ~ 38%
Openings: 50 days
Treatments: sterile water, two strains 
of L. plantarum applied individually.

Xia et al., 2025
Int. Journal of Biol. Marcomolecules
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Metabolomics example: mapping metabolic differences between 
silage treatments

Dongmei Xu et al., 2019
Frontiers in Microbiology

Key message: Metabolomics highlighted differences in corn silage between L. plantarum and L. buchneri 
treatments. Additionally, PCoA highlighted the consistency and distinction of treated from untreated corn silage.

Forage type: Corn silage
Dry matter: 23.4%
Openings: 90 days
Treatments: Untreated, L. 
plantarum, L. buchneri
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Non-exhaustive list of sub-disciplines within OMICS

 Volatomics/ Volatilomics – Sub-discipline of 
metabolomics studying volatile organic compounds 
(VOCs)

• PubMed: 5 publications
• Which volatiles are associated with specific 

fermentations?
• Which ensiling volatiles should we “watch” from an 

environmental perspective?

 Multi-omics – Combination of multiple OMICS 
disciplines to characterize a given system.

• PubMed: 4 publications**

 Culturomics – High-throughput cultivation and 
identification of previously unculturable 
microorganisms

• PubMed: 1 publication  Wang et al., 2024
• Identify other microorganisms in silage

 Glycomics – Characterization of all the 
carbohydrate structures produced by a defined 
system

• PubMed: none
• Improve our understanding of nutrient 

degradation during ensiling
• Better functional characterization of enzymes 

during ensiling

 Lipidomics – Characterization of lipids in a 
biological system.

• PubMed: none
• Improve our understanding of fatty acid 

changes during ensiling  dietary 
implications??

Applied to silage Yet to be applied to silage
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Future Perspectives

 The importance of ensiling is increasing in 
a changing world

• Improve nutrient retention and nutritive value 
(reduce DM losses)

• Reduce feed-costs  increased use of on-farm 
feeds  relies on maximizing forage quality

• Reduce production of harmful byproducts and 
metabolites

• Improve sustainability on-farm through changes 
in current practices 

 OMICs approaches will continue to improve 
and expand their reach

• Method improvements  reduced cost  
better access for researchers  feasible 
commercial applications

• Expansion of artificial intelligence into OMICs

 What have we learned in ~15 years of 
OMICs approaches in silage?

• Microbial successions in ensiling are dynamic 
and evolve with time

• Characterizing different populations across 
forages types

• “Pay attention” to other metabolites in silage

 What is next for OMICs in silage?
• Further characterization of microbial 

communities
• Expanded functional mapping:

• “Other metabolites”  secondary 
metabolites, enzymes, bioactives

• Confirming metabolic activity of specific 
strains

• Improving our understanding of how ensiling 
alters nutritional composition

• Understanding ensiling with alternative forage 
types and varying conditions

• Strengthen the link between silage and animal 
well-being/ performance

12
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NOTICE: This presentation and its contents including any research data is, unless otherwise 
specifically attributed, the intellectual property of Lallemand Animal Nutrition, a trading division of 
Lallemand Inc (“Lallemand”) and may not be copied or reproduced or distributed, in whole or in part, 
without the prior consent of Lallemand. 

DISCLAIMER: Although reasonable care has been taken to ensure that any facts stated in this 
presentation are accurate and that any opinions or advice expressed are fair and reasonable, no 
warranty is given as to the accuracy, completeness or correctness of the information. To the extent 
permitted by law, Lallemand, its officers, employees and agents shall not be liable for any loss 
suffered, howsoever arising, from the use by a third party of the information, advice or opinions 
contained within this presentation. This presentation does not constitute an offer, invitation, solicitation 
or recommendation with respect to the purchase of Lallemand products and information within, 
including the specifications of products, may be amended or withdrawn without prior notice. This 
presentation may contain information on products which are not available for sale nor are approved for 
use within certain jurisdictions. 


	Unraveling Silage Fermentation with Metagenomics and Metabolomics
	History of ensiling
	Why is ensiling important?
	Slide Number 4
	The application of molecular biology in silage is relatively new
	Defining OMICS and OMICS-based approaches
	Slide Number 7
	Metagenomics example: amplicon sequencing to characterize changes during aerobic exposure
	Transcriptomics example: gene expression analysis of high-moisture corn silage
	Proteomics example: characterizing individual strains 
	Metabolomics example: mapping metabolic differences between silage treatments
	Non-exhaustive list of sub-disciplines within OMICS
	Future Perspectives
	Slide Number 14

