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Introduction 
 
Nowadays, global warming is an increasing concern throughout the world. Greenhouse gases, among 
which methane (CH4) emissions, are responsible for this global warming (Beauchemin et al., 2007), 
with CH4 having a greenhouse warming potential 21 times higher than that of carbon dioxide (CO2; 
EPA, 2006). Further, enteric CH4 production represents a loss to the animal of around 6 % of the 
ingested dietary gross energy (Johnson and Johnson, 1995). All these aspects have lead research to 
find methane mitigation strategies without detrimental effects on animal performance. Condensed 
tannins (CT) have been reported to decrease methane emissions, 1) directly by inhibiting 
methanogens’ growth and 2) indirectly by decreasing rumen fiber degradability and hence, a reduced 
H2 availability for CH4 production (Tavendale et al., 2005). However, the extent of effects of tannins 
on ruminants depends on factors such as the basal diet (Hess et al., 2006), dose (Oliveira et al., 2007) 
and the tannin chemical and physical structure (Waghorn and McNabb, 2003). Hence, the objective of 
this study was to screen 18 condensed tannin (CT) extracts for their effect on rumen fermentation and 
methanogenesis in relation to the extract composition and tannin structure and dose. 
 
Material and methods 
 
For this screening test, a range of doses was tested: 0, 0.25, 0.50, 1.0, 2.0, 5.0, 10 and 25 mg of CT per 
incubation flask. The latter range was chosen based on in vitro and in vivo studies from literature and 
this study went above and below doses found in literature. This experiment was performed in one run 
using 18 different tannin crude extracts from Salix spp. (willow), with one replicate per dose, and a 
control (in quadruplicate), where no tannins were added. Extracts were isolated by L. Falchero with 
methodology according to Gea et al. (2011). Samples were incubated in 125 ml flasks. Flasks were 
sealed and flushed with CO2. To each flask 25 ml of a CO2 saturated bicarbonate/phosphate buffered 
rumen fluid was added (buffer:rumen fluid 4:1, v:v) before the onset of the 24h in vitro incubations at 
39°C in a shaking incubator. The substrate used was composed of 100 mg of cellobiose, 100 mg of 
starch and 20 mg of casein. An external source of unsaturated fatty acids (20 mg) was also added: a 
50:50 mix of linseed oil (omega-3 source) and corn oil (omega-6 source). Before the start of the 
incubation, 1 ml of ethane (C2H6) was added to each flask as an internal standard for gas 
measurements. After 24 h of incubation, a subsample was taken from the headspace and analyzed by a 
micro-GC  equipped with two gas chromatographic modules and with a thermal conductivity detector 
(3000 micro-GC, Agilent, USA) for CH4 production (Hassim et al., 2010). Rumen fluid was collected 
at 0h for volatile fatty acids (VFA) analysis performed on a Shimadzu 2010 (Shimadzu Corporation, 
’s-Hertogenbosch, the Netherlands) equipped with a Nukol column (30 m × 0.25 mm × 0.25 μm, 
Supelco).  
 
Results and discussion 
 
In this study, some of the tested extracts were more effective in inhibiting CH4 production than others 
(Figure 1) at the same dose. For example, the same inhibition level (44 % CH4 inhibition) is achieved 
at a lower dose for extract 13 (2 mg CT/incubation flask) and as compared with extract 14 (25 mg 
CT/incubation flask). This suggests differences in the chemical structure of the CT to play a role. 
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At 2 mg CT/incubation flask, extracts 11 and 13 inhibited CH4 by around 40 % whereas extracts 5 and 
10 did not inhibit CH4 production. This difference in CH4 inhibition could be related to the cis/trans 
ratio, which describes the orientation of functional groups within a molecule. Indeed, the cis/trans 
ratio for extracts 11 and 13 is 82.1 and 89, respectively; whereas for extracts 5 and 10 this ratio was 
lower (43.9 and 53.4 for extracts 5 and 10, respectively). 

 
Figure 2. Methane (CH4) inhibition compared with control (400 μmol CH4 produced) after 24h incubation in the presence of 
different CT extracts and supplemented at different doses ( extract 1; extract 2; extract 3; extract 4;  extract 
5; extract 6; extract 7; extract 8;  extract 9; extract 10;  extract 11;  extract 12;  extract 13; 

extract 14; extract 15;  extract 16;   extract 17;  extract 18) 

However, at the highest dose tested (25 mg CT/ incubation flask), the cis/trans ratio seems to be of 
less importance for the effect of the CT on ruminal methanogenesis. Indeed, extracts 2 and 4, with low 
cis/trans ratios (2.1 and 7.4 for extracts 2 and 4, respectively), resulted in different degrees of CH4 
inhibition: with extract 2 CH4 was inhibited by 12 % while CH4 production inhibited by extract 4 by 
55 %. This suggests other parameters to be important to link the structure of the CT to their biological 
effects. In fact, looking at the procyanidin/prodelphinidin ratio (PC/PD ratio), that compares similar 
molecules with one extra hydroxyl-group (prodelphinidin) or not (procyanidin) on the B ring of the 
tannin, extract 2 is characterized by a low PC/PD ratio (15.1) compared with extract 4 (49.8). 
Nevertheless, net total VFA productions and relative proportions of VFA data are currently being 
analyzed. So it is not possible yet to conclude if the tested extracts are effective to reduce CH4 
production without detrimental effects on ruminal fermentation.  
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