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Additives 

Challenges: 

•  Opinion of the consumer (security) 

•  Benefits: 

• Consistent 

• Predictable 

• Non-transient 

•  Economically viable 

• Technically feasible 



Ionophore and 
non-ionophore ATBs 

 



Antibiotics 

Ionophores: 
•  Monensin !!! 
•  Lasalocid 
•  Salinomycin 
•  Narasin 

 
• 120 kinds 

Non-ionophores: 
•  Virginiamycin 
•  Tylosin 
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• Does not affect methanogens  
• ↓ H2 producers 
• ↓ rumen protozoa 
• ↑ propionic 
 

 



Monensin 

 Improvements 

Source DMI ADG FCR 

Goodrich et al. (1984) ↓ 6.4% ↑ 1.5% ↑ 7.5% 

Duffield et al. (2012) ↓ 3.0% ↑ 2.5% ↑ 6.4% 

 



Monensin 

Perna Jr. (2013) 
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Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



Limitations: 

• Banned in EU 

• Residue (milk and meat) 

• ATB-resistence 

• Transient effect 

 

Monensin 

Guan et al. (2006) – Canada 
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Lipids  
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• Change digestion site  
• ↓ fiber degradation 
• ↓ methanogens  
• ↓ rumen protozoa 
• ↑ propionic 
• Hydrogen sync 
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Romero (C. Pessoal) 
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Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



Limitations: 

• Palatability 

• Decrease fiber digestion 

• Change in milk composition 

 

“the greater effect on methanogenesis, the 
greater the effects on...” 
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• ↓ methanogens 
• ↓ fiber degradation 
• Change N metabolism 

 



Perna Jr. (2013) 
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Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



Limitations: 

• Decrease intake 

• Decrease fiber digestion 

• Change nitrogen metabolism 

 

“the dose that affects methanogenesis also 
affects...” 
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Perna Jr. (Comun. pessoal) 
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Information: 

•  3 companies in Brazil 

•  1 company sells as additive 

• Improves the feces score 

•  10,000-15,000 animals finished in feedlot 

Tannins 
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• “Can” ↓ methanogens (???) 
• Toxicity to H2 producers (???) 
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Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



Limitations: 

• Decrease intake 

• Toxicity (adaptation, sulfur...)  

• Nitrogen quality ? 
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Information: 

•  3 companies in Brazil 

•  1 company develops protected form 

•  Still under development 
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• ↓ methanogens  
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Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



Limitations: 

• Composition variability 

• Multiple mode of action 

• Response variability 

• Volatilization (encapsulation) 

•  Lack of information on security 

Essential oils 
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Essential oils 



Crina blend (DSM): 
•  Thymol, eugenol, limonene, vanillin 
•  2015, 2016 and 2017: 500,000 heads 
•  Without monensin 

Next enhance (Novus): 
•  Garlic oil and cinnamaldehyde 
•  Cargill: with monensin at finishing 

Essential (Oligo Basics): 
•  Ricinoleic acid, anacardic acid, cardanol and 

cardol. 
 
 
 

Essential oils 



Potencial reduction 

30 

19 

5 

15 

19 

0 5 10 15 20 25 30 

Combined tools 

Management 

Rumen modifiers 

Nutrition 

Genetics 

Potencial reduction in CH4/Milk 

Knapp et al. (2014) 
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Paulo Henrique Mazza Rodrigues 

pmazza@usp.br 







Methane emission/kg of beef (2007) 
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Exogenous Enzymes 
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Starch 
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(Glucose) 
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Mode of 
action 
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Enzyme 

(fibrolytic or 

amylolytic) 

Enzyme 
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Enzymes 



Not 

incubated 

      “Blank” 

Inactivation 

under pressure 

and temperature 

for 15 min. 

Drying in oven 

Liquid sampling Volume measurement 

 by transducer 

GC for CH4 GC for SCFA 

Bottles with ruminal 

contents 

Controlled environ. 

25°C 

Thermostatic bath 

 39°C for 30 min. 

+ 

Ruminal sampling 

(Liquid and solid) Incubated 

Ex situ 



 

» Relative energy loss – REL (%) 

   
 
 REL (%) =       100 x CH4 Energy                      

         CH4 + C2 + C3 + C4 Energy 
 
Where: 
CH4 = methane 
C2 = acetic 
C3 = propionic 
C4 = butyric 
 

Ex situ technique 



Enzymes 

↑ 55% 



Methane mitigation 

 Improvements (%) 

Additives Mean CV Min. Max. 

Monensin (R$ 0.08) 9 145 -10 27 

Lipids (R$ 2.00) 22 73 0 45 

Tannins (R$ 0.08-0.50) 16 115 0 58 

Nitrates (R$ 1.00) 27 39 13 47 

Essential (R$ 0.25-1.0) 9 110 0 22 

Enzymes (in vitro) 0 - -43 47 

 



100% roughage 

Broad substrate for enzyme 

 

 

 

30% roug. 70% conc. 

Minor substrate for enzyme 
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100% roughage 

Broad substrate for enzyme 

 

 

 

Digests more fiber (?) 

Acetic fermentation (+CH4) 

 

 

 
 

100% roughage 

Enzymes 

30% roug. 70% conc. 

Minor substrate for enzyme 
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100% roughage 

Broad substrate for enzyme 

 

 

 

Digests more fiber (?) 

Acetic fermentation (+CH4) 

 

 

 
 

100% roughage 

Enzymes 

30% roug. 70% conc. 

Minor substrate for enzyme 

 

 

 

30% roug. 70% conc. 

Enzymes 

Digests more fiber (!) 

Propionic fermentation (-CH4) 

 

 

 
 

Enzymes 
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