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• Microbial production of methane 

• Main areas of action

• Feed additives

• Vaccines development

• Animal breeding
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The rumen microbiome



Methane mitigation strategies

• Feed additives

• Vaccines development

• Animal breeding



Feed additives
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Feed additives

Hegarty et al., 2021
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1. Feed additives

Plant secondary compounds: 
Condensed/hydrolysable tannins, saponins, essential oils

In vitro

• Inhibit protozoa, some methanogens
• Decrease digestibility and DMI

• Very few in vivo showing reduced CH4



1. Feed additives

Plant secondary compounds: 
Condensed/hydrolysable tannins, saponins, essential oils

• Non-specific antimicrobial activity

• Numerous sources and levels tested in vitro for CH4 effects

• Mainly: thyme, oregano, cinnamon, and garlic or their (thymol, carvacrol, cinnamaldehyde, and allicin)

• Varying responses (some positive)

• Several commercial blends, very few in vivo studies confirm anti methanogenic property

…..



1. Feed additives

Plant secondary compounds: 
Condensed/hydrolysable tannins, saponins, essential oils

• 2 weeks adaptation

• H2

• Modest effect ( ≈ 5 %) 

• No specific registration/approval
 as CH4 inhibitor 
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2. Feed additives: Nitrate

• Adaptation neeeded

• Nitrate at a maximum level of 1% of the total diet DM (0.3 g 
nitrate /kg BW/d)

• 10 % reduction CH4

• Feed ingredient – national regulatory /accounting contexts



2. Feed additives: probiotics

Acetogens

LAB
Silage inoculants

Lactic acid bacteria
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Asparagopsis 
taxiformis 2% DM + Phenolic compounds 

6 mM

Phenol    Catechol Resorcinol         Hydroquinone        Phloroglucinol           Pyrogallol              Gallic acid               Formic acid

(Romero et al., 2022
Huang et al., 2022)
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2. Feed additives: H2 aceptors



Asparagopsis 
taxiformis 2% DM + Phenolic compounds 

6 mM
(Romero et al., 2022
Huang et al., 2022)

2. Feed additives: H2 aceptors

Other combinations??
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3. Feed additives: Bovaer®

Methyl-coenzyme M CH4

Coenzyme B Ni (I) Ni (II)
inactive

oxidation

Duin et al., 2016 PNAS

3-NOP3-nitrooxypropanol

Coenzyme B



3. Feed additives: Bovaer®

60 mg/kg DM



3. Feed additives: Asparagopsis



3. Feed additives: Asparagopsis

Bromoform residues



3. Feed additives: Asparagopsis



Feed additives

•  Longer term studies
•  Grazing systems

?

24 hours CH4 recording
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Vaccines development



Vaccines: the rumen specificity



In vitro

In vitro

In vivo

In vivo
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In vivo

28 days

153 days

21, 42, 84 and 133 days

21, 42, days

28 and 103 days 

BoosterCH4

Baca-González et al., 2020, 
Vaccines

Vaccines: in vitro vs. in vivo



Animal breeding

400 Brahman, composite cattle, Angus (4,250 cattle by 2026)
Microbiome information

483 Holstein cows

02

8,000 Holstein cows (100 herds: 15,000 cows)
Microbiome: 1,000 cows 

Australia

Poland Spain

The Netherlands

>3,000 Holstein cows
Microbiome: 439 cows 

Denmark 7,000 Holstein cows 

Facilitating innovations for resilient livestock farming systems
www.re-livestock.eu

http://www.re-livestock.eu/


2. In vivo testing: chambers



2. In vivo testing: Greenfeed



Summary

• Many considerations for a succesful development of feed additive 

• Three main categories 

 - direct archaea inhibitors (> 30 %) – No improvement in productivity
 - combinations ? 

• Longer term stiudies 

• Grazing systems

• Regulatory/registration constraints

• Vaccine development
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