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and options

FAO, 2006
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Ruminant Nutrition 

and the Environment

1. Methane ïgreen house gas (GHG) 

2. Nitrogen ïnitrates, N2O (GHG), NH3

- eutrophication, air quality 

3. Phosphorus ïeutrophication

4. Manure–all of the above +
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Methane Energy Loss

- $$$ and GHG

•Per molecule methane ~25 x 

global warming effect of CO2

•Waste of feed energy –2 to 12 %

•Concern for the ‘carbon footprint’ 

of milk, beef and lamb



No Process is 100% Efficient!!

Bill Weiss, The Ohio State University
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Methane Energy Loss

Bratzler and Forbes, 1940.



Nitrogen and Methane 

Excretion Studies at Reading

Respiration calorimeters and
digestion trials
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Methane Energy Loss

Dry matter intake (kg/d)
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Where Does Methane Come From?

ω Rumen fermentation 

yields H2

ω Methanogenesis is a 

sink for H2

ðC02 reduced to 

CH4

ω Fermentation also 

occurs in hind gut 

and in manure

Acetate

H2

Butyrate

Microbial growth
with amino acids

H2 Source

Propionate

Lipid 

Hydrogenation
unsaturated fatty acids

Valerate

Microbial growth
with ammonia

Methane

CO2 + 4H2­ CH4 +2H2O
Zero pool scheme

H2 Sink

EXCESS



Rumen CH4: 3 causal factors

Organic  

matter
Micro-

organisms
VFA

CH4

feed intake

Rumen

1. Chemical composition & degradation characteristics

2. Microbial growth (efficiency)

3. Type VFA

fion(substrate type, pH)

Gut

outflow

absorption

NDF quality & methane

A. Bannink



Dietary Composition and 
Methane Production
ωMills et al. 2003 ςReduce methane production by

ðIncreasing Starch:ADF ratio

ðLess sugars versus starch

ðReplace grass silage with maize silage

ωFibre digestion leads to excess hydrogen and 

hence methane

ωForage quality (digestibility) important

ωConsider Starch:ADF ratio as an indicator



Ɇwhere

a = maximum methane

b = minimum methane

c = Starch : ADF ratio 

x= DM intake
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·Mitscherlich (monomolecular) model
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DMI vs. Methane
Modified for very high starch diets

Mills et al., 2009.
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CH4: differences between substrates

Dijkstra et al. (2007)

Bannink et al. (2010)Starch Cell wall Protein
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Dietary Composition and 
Methane Production
ωMoe and Tyrrell, 1979

ðMethane best predicted by amounts of NFC, 

hemicellulose, and cellulose digested

ðEffects greater in lactating than dry cows

ðLittle effect of protein or ether extract (fat)

ωKirchgessner et al., 1995.

ðMethane best predicted by intake of crude fibre

ðLittle effect of crude protein

ðNegative effect of ether extract 
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Methane Energy Loss

Dry matter intake (kg/d)
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Methane Emission and DM

Digestion in Dry and Lactating

Dairy Cows Fed The Same Diet

Tyrrell et al., 1990.

Dry Lactating

CH4, L/d 196 509

CH4, % of IE 7.47 5.64

CH4, L/kg DMI 35.1 27.2

DM Digested, % 72.0 64.5



Study of the Effects of Forage Type
and Diet Protein Level

Forage Type:
- Maize vs grass silage in varying proportions:

- 25:75 or 75:25 (DM basis)
- similar concentrate carbohydrates

- equal starch levels (source differed)

Protein Level:
- 3 Levels of dietary protein supply:

- 14, 16, 18 % diet crude protein 
- 85, 100, 115% of MP requirement



Effects of Forage Type and 
Diet Protein Level

Maize Silage Grass Silage

CP...... 14% 16% 18% 14% 16% 18%

Diet CP, % 14.5 16.8 18.7 14.6 16.3 18.9

DMI, kg/d*, a 21.9 22.3 23.1 19.8 21.4 19.8

DM digested, %*, a 69.7 71.3 72.3 70.6 72.9 73.9

Milk yield, kg/d 32.2 32.8 33.5 30.9 31.3 32.4

DEFRA Project AC0209

*Forage effect; aProtein effect.



Effect of Forage Type and 
Diet Protein Level

Maize Silage Grass Silage

CP...... 14% 16% 18% 14% 16% 18%

Methane, L/d 636 671 653 643 650 660

L/kg DMI* 28.4 28.9 28.1 32.9 31.8 33.4

MJ/MJ Milk* 0.249 0.250 0.255 0.267 0.284 0.252

L/kg Milk* 19.8 19.7 19.9 20.9 22.3 19.9

% of IE* 5.97 6.03 5.94 6.98 6.73 7.09

N2O, mg N/d -99 -88 -97 -102 -43 -59

DEFRA Project AC0209
*Forage effect.  



Effect of Forage Type on Methane
Production by Lactating Dairy Cows

DEFRA Project AC0209
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Methane Emission By Finishing

Beef Cattle Fed Maize Silage of 

Increasing Maturity

Mc Geough et al., 2010.

MaizeMaturity

I II III IV

CH4, g/d 301 304 301 284

CH4, g/kg DMI* 29.4 25.8 27.7 26.2

Starch, g/kg DM* 313 350 364 368

NDF, g/kg DM* 408 385 373 368

*Maturity effect.
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Methane Energy Loss

Mills et al., 2009.



Supplemental Fat and Methane

•Supplemental fats reduce methane per unit 
feed DMI 
ðSupply energy that does not contribute to methanogenesis

•Polyunsaturated fats and saturated medium 
chain fatty acids (MCFA) are particularly 
effective at reducing methane

•Unsaturated fats ‘mop up’ hydrogen, but limit 
fibre digestion

•MCFA may have less adverse effects on diet 
digestibility, whilst still reducing methane

ðnegative effects on DMI?
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Methane Energy Loss

Martin et al., 2009.



Dietary Additives

•Organic dicarboxylic acids

ðAspartate, malate and fumarate

ðPotential propionate precursors

ðCompete for available H2 pool

ðLarge dose required for relatively small effect?

•Low rumen pH

•Unpalatable

ðEffects in sheep not repeated in dairy cows

•Nitrites, sulfites, chloral hydrocarbons, etc.
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Methane Inhibition in Sheep

Trei al., 1972.- Hemiacetyl of chloral and starch
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Methane Inhibition in Sheep

Trei al., 1972.- Hemiacetyl of chloral and starch



Feed Additives

ωPlant extracts

ðTannins

ωAnti-methanogen effect

ωInhibition of fibre degradation

ðSaponins 

ωAnti-nutritional factor

ωDefaunation action

ωExtensive screening programs for bioactive plant 

ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ΨƛƳǇǊƻǾŜΩ ǊǳƳŜƴ ŦŜǊƳŜƴǘŀǘƛƻƴ

ωIonophores and other antimicrobials 

ðAdaptation?
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Nitrogen Inputs and Outputs

in Dairy Cows
URINE N

37%

MILK N

28%

FAECAL N

33%

N INTAKE

503 g/day



The Nitrogen Cycle

Milk (and meat)

Manure

Soil

Crops

FertiliserN fixation

Purchased 

feed

NH3

Nitrate N2O, 

NOx

~25%

~75%

~50%

~50%
J. Moorby, 2008



Milk N/Intake N versus N Intake

Mills et al., 2009



Efficiency of Dietary N Utilization 

for Milk Protein Production

Milk N as a Percentage of N Intake

DEFRA Project AC0209 –N intakes lower for grass-based ration
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Varying NDF quality in grass diets   

GH = grass herbage; GS = grass silage

= high N-fertilization = low N-fertilization

NDF quality & methane

A. Bannink

EC = early cut; LC  = late cut 

18 kg DM/d (90% grass & 10% concentrates)

Bannink et al., 2010



Reducing Greenhouse Gasses

•Methane –numerous dietary approaches 

show promise

–Dietary carbohydrate has a major effect

•Starch:ADF ratio as an indicator

–Numerous supplements/additives

•Reductions observed in sheep typically not 

realized in lactating dairy cows

•Nitrates, nitrous oxide and ammonia

–Feed less protein –how low can we go?

•Optimizing amino acid absorption?

•Effects of fermentable and metabolizable energy
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Future Perspectives

•How can we improve efficiency in ruminant 

milk and meat production systems and limit 

environmental impacts?

ðImprovements in genetics, nutrition, and technology…

•e.g. feed additives, selection indices, etc.  

ðAdoption of best practice in feeding and management

•System approaches and assessments

ðThe roles of ‘extensive’ and ‘intensive’ systems 

ðMust consider wider impacts of specific mitigation options 

ðExploiting the virtues of ruminants  and grasslands
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