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Phytogenic additives to decrease
in vitro ruminal methanogenesis
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Abstract. Six plants (Carduus pycnocephalus, Populus tremula, Prunus avium, Quercus robur, Rheum nobile
and Salix caprea) were tested to determine their effects as feed additives to decrease ruminal methanogenesis
in vitro. The plants had been selected in a previous screening assay in which a collection of 450 plant species
had been tested. Sheep fed alfalfa hay were used as donors for rumen fluid. Batch cultures were performed in
120 ml serum bottles, using 10 ml strained rumen, 40 ml medium, 500 mg DM substrate (50% alfalfa hay, 40%
grass hay and 10% barley) and 50 mg DM freeze-dried ground plant additive. After 24 h of incubation, gas
production, methane and volatile fatty acids (VFA) production, propionate to acetate ratio, in vitro DM
digestibility, pH and fermentation efficiency were measured. All the plants tested reduced methane production
(P < 0.001) in relation to the control (no plant added). P. avium and Q. robur caused a decrease in propionate
production and in propionate to acetate ratio (P < 0.001), whereas S. caprea reduced propionate production (P
< 0.001). Gas production, pH and fermentation efficiency were not affected by any of the plants (P > 0.05).
Among them, R. nobile was particularly promising since it showed the greatest and most consistent effect on
methane production (-16% in relation to the control, P < 0.001). Moreover, it enhanced ruminal fermentation,
stimulating DM digestibility (P < 0.05) and VFA production (P < 0.001) and increasing propionate to acetate ratio
(P < 0.001). In conclusion, among the plant species evaluated, Rheum nobile showed the most consistent
effects for decreasing methane production without adversely affecting other parameters of rumen fermentation.

Keywords. Plant additives — Methanogenesis — Rumen fermentation.

Les additifs végétaux pour réduire la méthanogenése ruminale in vitro

Résumé. Six plantes (Carduus pycnocephalus, Populus tremula, Prunus avium, Quercus robur, Rheum nobile
et Salix caprea) ont été testées afin de déterminer les effets comme additifs pour diminuer la méthanogenése
ruminale in vitro. Elles ont été choisies sur la base d'une évaluation de 450 plantes réalisée dans un essai
antérieur. Six brebis adultes ont été utilisées comme donneuses de liquide ruminal. Les incubations in vitro ont
été réalisées dans des bouteilles de sérum de capacité 120 ml. Dans chaque bouteille on a placé 10 ml de
liquide ruminal, 40 ml de salive artificielle, 500 mg de matiére seche de substrat (50% luzerne, 40% foin d'herbe
et 10% orge) et 50 mg de matiere séche de la plante lyophilisée puis broyée. Aprés 24 heures d'incubation, la
production de gaz, le volume de méthane, les concentrations des acides gras volatils, le rapport
propionate/acétate, la digestibilité in vitro de la matiére séche, le pH et l'efficacité de la fermentation ont été
mesurés. Toutes les plantes étudiées ont réduit la production de méthane (P < 0,001). S. caprea a réduit la
production de propionate (P < 0,001). La production de gaz, le pH et l'efficacité de la fermentation n'ont pas été
affectés (P > 0,05) par toutes les plantes évaluées. R. nobile s'est avérée une plante prometteuse, puisqu'elle a
entrainé la plus grande chute de la production de méthane (—16% par rapport au témoin, P < 0,001). Elle a
aussi amélioré la fermentation ruminale, la digestibilité (P < 0,05) et la production d'acides gras volatils
(P <0,001), et a augmenté le rapport propionate/acétate (P < 0,001). Pour conclure, parmi les plantes
évaluées, Rheum nobile s'est avérée la plante la plus efficace dans la mesure ou elle a permis de réduire au
maximum la production de gaz sans pour autant affecter les autres parameétres de la fermentation.

Mots-clés. Additifs végétaux — Méthanogenese — Fermentation ruminale.
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| — Introduction

Plant secondary metabolites are a group of chemicals present in plants that are not involved in the
primary biochemical processes of plant growth and reproduction but protect the plants against
insect predation or grazing by herbivores. Several plant secondary metabolites have shown
antimicrobial activity (Cowan, 1999), so they have been suggested as alternative additives to be
used in animal feeding (Greathead, 2003), as they can modify ruminal fermentation to enhance the
efficiency of utilization of feed energy and decrease methane emissions (Garcia-Gonzélez et al.,
2006).

Ruminants are major contributors to biogenic methane formation. It has been estimated that
preventing methane formation from ruminants would stabilise atmospheric methane concentrations
and improve animal performance (Johnson and Johnson, 1995). Plant extracts, with high
concentrations of secondary compounds are good candidates for reducing ruminal methanogenesis
(Teferedegne, 2000) since they are available in large numbers and considered natural products and
authorised for human consumption. It is known that some plant extracts that have high flavonoid or
tannin contents decrease methane production and induce extensive stimulation of microbial
metabolism (Woodward et al., 2001; Broudiscou et al., 2002) although their effectiveness varies
depending on the source, type and content of secondary metabolite (Patra et al., 2006).

The six plants used in the present experiment had been identified as potential anti-methanogenic
candidates in a previous screening assay in which a collection of 450 plant species had been tested
(EC Project "Rumen-up”, QLK5-CT-2001-00992, http://www.rowett.ac.uk/rumen_up). These plants
were observed to reduce methane production in vitro and the objective of this current study was to
determine the consistency of this response.

Il — Materials and methods

After collection, plants were freeze-dried, ground to pass through a 1 mm sieve, and stored in
tightly closed glass jars in a dry, dark and cool place. Candidates for anti-methane effects were
selected on the basis of a previous screening assay when they caused a decrease in methane
production by more than 20% and had no negative effects on digestibility, total gas production, total
volatile fatty acids (VFA) production and propionate to acetate ratio. Six candidates were selected:
Carduus pycnocephalus, Populus tremula, Prunus avium, Quercus robur, Rheum nobile and Salix
caprea.

In vitro batch cultures of mixed ruminal microorganisms were used to test the effects of plant
samples. Three adult rumen cannulated sheep fed alfalfa hay were used as donors for rumen fluid,
which was collected before morning feeding, strained through four layers of cheesecloth and kept
under a flushing of CO,. The substrate used for the batch cultures was a mixture of alfalfa hay,
grass hay and barley (proportions of 500, 400 and 100 g/kg, respectively) whose chemical
composition was as follows (per kg DM): 921 g organic matter, 450 g neutral detergent fibre and
133 g crude protein. Incubations were carried out in 120 ml serum bottles [500 mg DM of substrate,
50 mg DM of each plant, 10 ml strained rumen fluid and 40 ml medium (Menke and Steingass,
1988)]. The bottles were sealed and placed in an incubator at 39<C. Four replicates per plant were
incubated, and blank (no substrate and no plant) and controls (550 mg DM of substrate without any
plant) were incubated in each of the four incubations carried out.

After 24 h of incubation, accumulated head space pressures and gas volumes were measured. A
sample of the gas was transferred to a 10 ml vacuum tube for methane analysis by gas
chromatography. Then, fermentation was stopped by swirling the bottles in ice. Each bottle was
opened to measure pH in the incubation medium and a sample of supernatant was taken for
volatile fatty acids analysis by gas chromatography. All contents remaining in the bottle were
filtered, dried and weighed and a sample extracted with neutral detergent solution (van Soest et al.,
1991). Fermentation efficiency was calculated as described by Blummel et al. (1997).
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Results were subjected to one-way analysis of variance with plant sample as the treatment factor
and incubation run as a blocking factor. Multiple comparisons of means were performed using the
Duncan test (Steel and Torrie, 1980).

1l — Results and discussion

Methane production, DM digestibility, total gas production, fermentation efficiency, VFA production
and pH after 24 h of incubation are reported in Table 1. All tested plants reduced methane
production (P < 0.001) in relation to the control (no plant added), and gas production, pH and
fermentation efficiency were not affected (P > 0.05) by any of the plants. P. avium and Q. robur
caused a decrease in propionate production and in propionate to acetate ratio (P < 0.001), whereas
S. caprea reduced propionate production (P < 0.001). R. nobile increased DM digestibility
(P < 0.05), VFA production (P < 0.001) and propionate to acetate ratio (P < 0.001).

Table 1. Effects of Carduus pycnocephalus , Populus tremula , Prunus avium , Quercus robur , Rheum
nobile and Salix caprea on rumen fermentation parameters  in vitro after 24 h incubation

Control Carduus Populus Prunus Quercus Rheum  Salix SEDY P
Methane 1.094* 0.999°  1.001° 1.043° 0.991° 0.941° 1.041° 0.0247 <0.001
(mmol/g DM incubated)
Methane 1.664% 1.500°  1.495° 1544 1502° 1.388° 1.566° 0.0390 <0.001
(mmol/g DM digested)
Methane 1742 163 160° 163 161 151¢ 168 3.3 <0.001
(mmol/mol gas)
DM digestibility 0.662° 0.666° 0671 0.673* 0.664° 0.678° 0.668%° 0.0054 0.036
Gas 6.31®°  6.14° 6.23°  6.40° 6.13° 6.22° 6.20° 0.084 0.034
(mmol/g DM incubated)
Fermentation efficiency 4.14 4.29 4.28 4.15 4.29 4.32 4.26 0.071  0.130

(mg DM digested/ml gas)
Propionate:acetate ratio  0.295° 0.295°  0.290°° 0.283% 0.278  0.316* 0.288° 0.036  <0.001

VFA 495"  4.99° 4.90° 501°  4.92° 516°  4.90° 0.069 <0.001
(mmol/g DM incubated)

Propionate 206° 206° 204°° 201  198¢ 216° 202° 1.7 <0.001
(mmol/mol VFA)

pH 6.68 6.60 6.64 6.65 6.60 6.59 6.65 0.020 0.466

tSED = standard error of the difference.
abcd\reans with different superscript differ significantly (P < 0.05).

Some of the methane inhibitors may have adverse effects on ruminal metabolism or animal
physiology, such as reducing digestibility (Beauchemin and McGinn, 2006). However, some plants
decrease methane production and stimulate microbial metabolism, increasing degradability of crude
protein and cell wall constituents as well as the yield of microbial biomass (Broudiscou et al., 2002).
Lack of effect on nutrient degradation in response to some plant extracts that reduced methane
production has been reported by Sliwinski et al. (2002). In the present experiment, most of the plant
samples did not modify any of the parameters studied other than methane production, so they may
have the potential to be used to improve the ruminal fermentation profile.

Methane production has been reported to decrease in response to secondary compounds from
medicinal plants. Phenolic compounds, such as tannins, reduced rumen methanogenesis in sheep
and cattle (Woodward et al., 2001), probably due to both direct effects on methanogen activity and
indirect effects on fibre digestion. Saponins decreased methanogenesis in vitro (Lila et al., 2003);
with a mode of action related probably to their anti-protozoal activity (Newbold and Rode, 2006),
even though changes in methane production were not always related to similar variations in
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protozoa numbers (Patra et al., 2006). Flavonoids, and their degradation products, have been
demonstrated to modify the microbial metabolism in the rumen (Broudiscou and Lassalas, 2000).

Some of these plant secondary compounds with anti-methane activity have been detected in the
plant species evaluated in the current study. Several different secondary metabolites have been
isolated from C. pycnocephalus, including flavonoids (Bain and Desrochers, 1988), hexadecanoic
acid (Esmaeili et al., 2005), and a flavone glycoside with antimicrobial activity (El-Lakany et al.,
1997). R. nobile accumulates a substantial quantity of flavonoids (Ilwashina et al., 2004). This plant
species contains other bioactive compounds such as anthraquinones with anti-bacterial and anti-
viral properties (Babu et al., 2003). Nitrogen-containing secondary compounds, such as non-protein
amino acids, or cyanogenic glycosides have been isolated from P. avium (Harborne, 1991). Aspens
(Populus spp.) and willows (Salix spp.) appear to contain structurally related secondary phenolics
and isoprenoids, which are generally known to be their defence against herbivores (Palo, 1984), as
well as glycosides, such as salicin (Rowell-Rahier, 1984). Lignans, phenolic compounds that have
been shown to inhibit fungal growth, have been reported in Salix spp. and Quercus spp. (Gottlieb
and Yoshida, 1989). Tannins are secondary metabolites present in S. caprea (Juntheikki, 1996),
while Q. robur has been reported to contain flavonoids, such as quercitin, terpenoids (Harborne,
1991), triterpene saponins and condensed tannins (Arramon et al., 2002).

The interspecific differences between plant samples make it difficult to relate observed effects to
the presence of particular phytochemicals, so the mode of action of some of the plants selected in
this study has not been elucidated. In conclusion, among the plant species evaluated in the current
study, Rheum nobile was particularly promising since it reduced methane production by the
greatest amount and most consistently of the plants tested (—16% in relation to the control) and also
enhanced ruminal fermentation.
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