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Its getting warmer…

IPCC scenarios for 
the end of the 21st 
century





Methan = CH4

Gas Shelf life in 
the 
athmosphere 
(years)

GWP*
(100 
years)

CO2 50-200 1

CH4 12 ± 3 21
N2O 120 310

* GWP= Global Warming Potential 
(UNFCCC 2009)

(second important anthropogenic GG nach CO2)

(IPCC AR4)

The greenhouse gas methane



CH4-Emissions in the EU (2007) 414’806 Gg CO2-Equivalents 

From agriculture 201‘409 Gg CO2-Equivalent (50%)

71.9% 
from digestion 

of livestock
26.9% 
Manure storage

1.2% 
rice

0.2% 
burning

(UNFCCC 2009; www.eea.europa.eu)

> 80% from cattle

40% from cattle

The greenhouse gas methane



Background of the current study

1. Impact of alpine pastures on the fatty acid metabolism 
implies that ruminal fermentation is altered by certain 
factors. (Collomb et al., 2002; Leiber et al., 2005).

2. These factors were hypothesized to be plant secondary 
compounds (phenolics). (Leiber et al., 2005).

3. Plant secondary compounds, particularly tannins are known 
to lower the ruminal methanogenesis (Jayanegara et al., 
2011).



Guiding questions

1. Is the concentration of phenolic components in alpine forage 
plants particularly high?

2. Does this modify ruminal fermentation processes and lower 
the rate of methanogenesis?

3. How is the methanogenesis from alpine plants related to 
ruminal productivity traits?

These questions should be investigated on the basis of 
individual alpine plant species



Materials & Methods

Plant collection in the beginning of July 2009 and 2010 at three
different sites in the Alps of Grisons, Switzerland.

No.
Plant species

Site Phenological

stage
Grasses

1 Nardus stricta Albula Bu
2 Poa alpina Albula Fl

Non-leguminous herbs
3 Achillea millefolium Misox Bu
4 Alchemilla xanthochlora Albula Fr
5 Carum carvi Sufers Fr
6 Chrysanthemum adustum Albula Fl
7 Crepis aurea Albula Fl
8 Plantago atrata Albula Fl
9 Rhinanthus alectorolophus Albula Fl
10 Rumex arifolius Albula Fr

Leguminous herbs
11 Anthyllis vulneraria Albula Fl
12 Hedysarum hedysaroides Albula Fl
13 Trifolium badium Albula Fl

Trees
14 Castanea sativa (leaves) Misox
15 Fraxinus excelsior (leaves) Misox
16 Sambucus nigra (leaves) Sufers
17 Sambucus nigra (flowers) Sufers



Materials & Methods

1. Proximate and phenolic analyses

2. Incubation with rumen fluid in the «Hohenheim Gas Test» 24h at 
39°C

3. Analysis of total gas production

4. Analysis of methane concentration in gas by gas 
chromatography

5. Calculation of in vitro organic matter digestibility (IVOMD)

6. Calculation of net energy (NEL)



Alpine plants (r = -0.75)
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Results: Methane release

Hedysarum 
hedysaroides



Y = -1.734 X + 165
R2 = 0.77
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Results: Methane release

r= -0.88
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For comparison (from another HGT experiment): 

Khiaosa-ard et al., 2011



Results: Ammonia release



Conclusions

Alpine forage plants are high (but not very high) in phenolic 
compounds

They have no methane mitigating properties

Phenolic contents (Tannins!) are negatively related to ammonia 
release from CP

Particularly interesting are Alchemilla xantochlora and the 
investigated trees



(MASCARELLI, Nature, 2009)

The greenhouse gas methane…



Thank you!

fleiber@ethz.ch


