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ABSTRACT KEYWORDS
M ethane constitutes the main way of hydrogen elimination in the rumen during Carvacral;
the microbia digestion of food. Its eructation by ruminants led to both energy Cinnamal dehyde;
lossfor animal s and aworsening of the greenhouse by its radioactive power. The Methane;
aim of this study focuses on exploring the ability of essential oils (EO), extracted Rumen:
fromrosemary (Rosmarinusofficinalis) and lavender (Lavandula officinalis), in Thymol,

reducing ruminal methanogenesis. Activity of essential oilsextractswas compared
to that of purified essential oils (carvacrol, cinnamal dehyde and thymol).

The aeria parts of plants (rosemary and lavender) are used fresh. Extraction of
EO was made by the hydrodistillation process. Antimethanogenic activity of EO
extracts was measured in vitro in batch systems (polypropylene syringes, 60 ml
capacity). EO extract of each plant and purified EO (carvacrol, cinnamal dehyde
and thymol) weretested at different doses: 10, 20 and 40 pl. Gas production was
monitored at different timeintervals: 2, 4, 6, 8, 24, 48 and 72 h. The qualitative
and quantitative analysis of fermentative gas (CH, and CO,) was chemically
determinate after 24 hours incubation.

The results indicate that addition of crude oils of Rosmarinus officinalis and
Lavandula officinalis and the purified oils did not affect significantly the pH
values (P > 0.05). The addition of EO of both plantsdid not affect gas production
after 2 hours of fermentation (P > 0.05) for the three doses. Between 4 and 6 h of
incubation, increasing EO dose of Lavandula officinalis induces a continuous
decline (but not significant) of the gas production compared with the control (no
additives). Similarly, addition of Rosmarinus officinalis essential oils had not
significant effect on gas production for 10 and 40 pl doses compared with control.
However, higher gas production was recorded for 20ul dose. Addition of Lavandula
officinalisEO at 40ul level caused significant decrease in gas production after 24h
incubation (P < 0.05). Methane production was significantly reduced in the
presence of EO extracted from Rosmarinusofficinalis (28.1% ; P < 0.05). Besides,
EO extracted from Lavendula officinalis decrease significantly methane production
during 24 hours of incubation for 10 and 40ul doses. In general, EO used in our
study showed a significant effect on reducing methane. Thus, we can focusfuture
research on composition characterization of each essential (CG—MS) and to
determine minimal inhibitory concentration (MIC) alows maximum methane
reduction without adverse effects on digestibility.
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INTRODUCTION

In recent years, the gradual warming of our planet
caused by the greenhouse effect becomesareality as
much political asscientific. Thiseffectisdueto the
accumulation in the atmosphere of gases that trap
infrared radiation. Theseare mainly carbon dioxide,
methane, chlorofluorocarbons and nitrogen oxides
whose contributionsto the greenhouse effect have been
estimated respectively at 49, 18, 14 and 6%°.

Methane is the major way of H, elimination
produced intherumen during themicrobia digestion of
food. Itseructation by ruminantsled to both energy loss
for animals and aworsening of thegreenhouse by its
radioactive power. Indeed, its atmospheric
concentration has increased from 0.70 to 1.68 ppm
during thelast two centuries? and continuestoincrease
annually by 0.6%6,

Different strategies were used to minimize the
methaneemissions. They weremainly interested inthe
maodification of fermentation conditionsand/or change
thebalance of rumina microbiotapopulation, especidly
protozoa. Besides, synthetic moleculesresponsiblefor
microbia activity regulation (antibiotics, hal ogenated
compounds, €tc. ...) have been widely used. Biological
interventions (defaunated, rumina acetogenesis) were
also applied since the 705, However, the new
European | egid ation and the recommendationsfrom
organizationsof consumer protection havegreetly limited
the use of these processes. Therefore, the search for
new dternativesisprimordial. Inthiscontext, additives
natural extracts from plants continue to attract the
attention of researchers. Theaim of thisstudy focuses
onexploringtheability of essentid oils(EO), extracted
from rosemary (Rosmarinusofficinalis) and lavender
(Lavandula officinalis), in reducing ruminal
methanogenesis. Activity of EO extractswas compared
to that of purified essential oils (carvacrol,
cinnamal dehyde and thymol)

MATERIALSAND METHODS

Plant material

Plants used for the extraction of essential oilsare
lavender (Lavandula officinalis) and rosemary
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(Rosmarinusofficinalis). They werechosen for their
pharmacol ogical use (especially antiseptic property).
Both plantsare collected in theregion of Tebessaand
El Hammamet, wherethe climateissemi-arid. They
were collected during themonth of April 2009 by hand
cutting of theaeria part of plants.

Extraction of crudeoils

Theaerid partsof plants (rosemary and lavender)
are used fresh. Extraction of EO was made by the
hydrodistillation process. 100 g of the plant (rosemary
or lavender) weremixed with 500 ml of distilled water.
The EO were collected by condensing and then
separated by settling. They werestored in dark bottles
at 4°C.

Invitro Experiment

Antimethanogenic activity of EO extracts was
measured in vitro by the method described by Menke
et al*Y, Fermentation wascarried out in polypropylene
syringes (60 ml capacity. 200mg of alfalfahay were
introduced into each syringe and | ft to ferment with 30
ml of themixture (10 ml of rumenfluid + 20 ml buffer
solution). The rumen fluid used as inoculum was
collected from sheep fed alfalfahay ad libitum and
filtered through 4 layersof surgical gauzeand placedin
pre-warmed Thermosat 39°C and satured with CO,,.
Introduction of EO extract in syringeswas performed
at thetime of incubation. EO extract of each plant and
purified essentia oils(carvacrol, cinnamal dehydeand
thymol) weretested at different doses: 10, 20 and 40
ul. For each sample and for each dose, three syringes
were incubated. Under the same conditions, three
syringeswithout substrateand without additives (rumen
fluid + buffer solution) and three syringes without
additives but containing the substrate wereincubated.
Syringeswereincubated at 39°C for 72h.

Gas production was monitored at different time
intervals: 2,4, 6, 8, 24, 48 and 72 h. The qualitative
and quantitativeanaysis of fermentative gas(CH, and
CO,) is performed after 24 hours incubation. This
andysisisperformed using themethodol ogy described
by Jouany!.

Satistical analysis

Gasproduction resultswere andyzed by ANOVA
with twofactors. The meanswerecompared using the
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Dunnettetest (comparing theresultstothat of thecontrol)
and the SDPP test for comparing additives effect.
Analysis was made by the computer program
STATISTICA (Version 6).

RESULTSAND DISCUSSION

pH valuesof inoculum and that recorded after 72h
of incubationwereillustratedin TABLE 1. Overdl, the
averagepH of inoculum (freshly rumind fluid) was6.48.
This value indicates physicochemical conditions
favorableto agood fermentation activity of therumina
microbiota. Theaddition of crude oilsof Rosmarinus
officinalisand Lavandula officinalisand the purified
oils(carvacrol, cinnamal dehyde and thymol) did not
affect significantly the pH values (P> 0.05) (TABLE
1). Similar resultswere a so obtained by Cardozo et
al“ after addition of essential oils of anise, capsicum
andamixtureof cinnama dehydeand eugenol. Thesame
results were also noted by Noirot and Bayourthe*?
which haveused carvacrol intheir experiment.

Effect of essentid oilsextracted from Rosmarinus
officinalis (EO-RO) and Lavandula officinalis (EO-
LO) ongasproductionwasshowninfigurel. It gppears
that addition of essentid oilsof both plant and for three
doses did not affect gas production after 2 hours of
fermentation (P > 0.05). Between 4 and 6 h of
incubation, increasing essentia oil dose of EO-LO
induces acontinuousdecline (but not Sgnificant) of the
gasproduction compared with thecontrol (no additives).
Similarly, addition of EO-RO had not significant effect
on gas production for 10 and 40 pl doses compared

TABLE 1: pH valuesrecorded after 72h of fermentation in
syringesincubated with crudeand purified EO

Doses
Essential oils

Opl  10pl  20pl  40ul
Rosmarinus officinalis 712 698 697 7.15
Lavandula officinalis 712 715 7.02 6.90
Carvacrol 712 713 695 7.04
Cinnamaldéhyde 712 744 754 7.05
Thymol 712 696 7.02 759
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with control. However, higher gas production was
recorded for 20ul dose. Addition of EO-LO at 40ul
level caused significant decreasein gasproduction after
24hincubation (P< 0.05). At noted earlier, addition of
EO-RO extract at 20 and 40 pl doses had also no
significant effect on gas production, but 10 ul dose
reducessignificantly gasproduction (P< 0.05). Smilar
resultswere also recorded by Benchaar et a (2007).
These authorshave notethat the addition of essentia
oilsextracted from thyme and oregano (20 ul) had no
effect on gasproduction.

Effect of purified essentid oilson gasproduction at
thesamedoseswas presented infigure 2. After 2 hours
of incubation, addition of thymol and cinnamal dehyde
leads to low gas production at 10 and 40 ul doses.
However, gasproduction wasincreased with 20ul dose.
Nevertheless, gas production was significantly
decreased in presence of carvacrol (P < 0.05). The
same pattern wasrecorded for cinnamaldehydeat 24 h
incubation. Between 4 and 6 hours of incubation, for
cinnamadehydeat 20 ul dose reduced significantly gas
production (P <0.05). However, this effect was not
noted for 10 and 40 ul doses (P > 0.05). The same

u
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Figurel: Influenceof EO-RO (Ros) and EO-LO (Lav.) used
at threedoses (10ul, 20l and 40pl) on in vitro gasproduc-
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TABLE 2: Effect of EO-RO, EO-RO and purified essential oilson CH, and CO, production (ml £ SEM) after 24h and 72h of

fermentation of alfalfahay.

24h 72h
Dose (ul)
CH, CO, CH, CO,
Control 00 15,3%+2.1 30,8°+4.3 16,3%2.0 32,8°+4.5
10 09,9°+10.3 22,1°+09.2 10,8°£10.1 23,0°+11.3
Rosmarinus officinalis 20 17,13+9.2 24,1°+8.1 18,2%+8.9 253°+9.3
40 09,4°+2.6 29,6°+9.5 10,3°+3.5 31,82+9.4
10 2,1°+7.6 38,6°+7.7 13,4*+8.1 31,0°+8.2
Lavandula officinalis 20 4,1°£35 34,9°+9.6 6,7°+3.7 35,3°+9.5
40 57°+4.2 30,8°+11.3 5,5°+4.0 33,6°+10.9
10 2,1°+0.8 57°£1.2 2,4°+1.0 6,1°+1.3
Carvacrol 20 2,7°+1.3 5,8°+1.5 2,9°+1.5 6,1°+2.0
40 1,3°+0.4 3,0°+0.6 1,4°+0.6 3,3°+0.7
10 09,5 1.5 28,2°£1.9 10,3°+0.5 30,2°+2.0
Cinnamaldehyde 20 57°+3.5 22,6°+7.4 6,1°+4.4 24,4° +6.0
40 19,32+10.7 24,4° £33 21,3°+11.4 26,3%+4.3
10 1,2°+0.4 2,7°+0.8 1,2°+0.5 2,7°£1.0
Thymol 20 0,5°+0.7 1,7°+1.2 0,5°+0.5 1,7°+1.2
40 0,7°+0.9 3,5°+1.5 0,7°+0.6 35°+1.4

M eans assigned with different letters in the same column are significantly different (P < 0.05)

trend was observed for carvacrol and thymol. These
resultswere cons stent with those reported by Busguet
and Casamiglid® who a so used the same essentid ail
but at higher levels. Thisreduction can bedueto the
deficiency of hydrogen, carbon and energy whichwas
essentid for gasproduction and can crestescompetition
between the constituents of the rumen microbiota
Similarly, addition of thymol affected significantly gas
production (P<0.05). The same observationwas made
by Evans and Martin”. These authors have found
significant effect of thymol on gas production.
Concerning carvacrol, smilar observationsweredone
by Benchaar et d where carvacrol and eugenol have
been used a 400ml/l concentration (v/v). Theseeffects

may be dueto adeficit of carbon and hydrogen which
creates competition between the constituents of the
rumen microbiota Moreover, theseessentid oils(thymol
and carvacrol) wererichin OH group'®. Thesehydroxyl
compoundsexert anantimicrobid activity by disrupting
the proton concentration at the cell membranewhich
affectsflow e ectron and active content cel | coagulétion.

Effect of EO-RO on methane production was
shownin TABLE 2. It appearstha methane production
wass gnificantly reduced inthe presenceof thisessentid
oil (P<0.05). However, it was noted that 20ul level of
this plant extract induced an increase in volume of
methane compared with the control. Thisresult could
beexplaned by thefavorablerumina environment (low
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redox potential) which permitsterpenes degradation.
Under these conditions, theredox equivaentsfromthe
oxidation of terpenes canlead to methane production'®,
Influence of essential EO-LO on methane production
is aso shown in TABLE 2. It indicates significant
methane reduction during 24 hoursof incubation for 20
and40ul doses. Thisreduction may bedueto thetoxicity
of essentia oil ontherumina microbiota, inparticular,
protozoaand/or unavailable hydrogen (H,) inrumina
media

Effects of purified extracts are also reported in
TABLE 2. It showsthat addition of cinnamaldehyde
had significant effect on methane reducing methane,
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Figure2: Effect of purified essential oils[carvacrol (Car.),
cinnamaldehyde (Cin) and thymol (Thy.)] used at different
doses (10, 20 and 40ul) on in vitro gas production

except 40ul dose. Different trend was noted for
carvacrol and thymol addition. These oils caused
sgnificant reductionin methanogenesiscompared tothe
control (no additives) (P <0.05). Thisdecrease can be
explained by the fact that essentia oils inhibit the
synthesisof acetate acid and thuslimit invitro methane
production.

CONCLUSION

Theresultsobtained in thisstudy indicate clearly
that both purified or extract essentid oils, used & different
levels, do not modified pH rumina media It meansthat
these compounds could control the release of proton
from buffer solution and/or minimize effect of volatile
fatty acids production.

Addition of carvacrol and thymol leadsto lower
gasproductionduringdl incubation times. Level sused
inthisstudy for both purified oil appear to beletha for
ruminal microbiotabecausethey stopped completely
thefermentation process. Methane production wasa so
significantly reduced in presence of thesetwo essentia
oils. The same pattern was observed for plant essentia
oilsextract and cinnamaldehyde, except 10ul and 20ul
levels for Lavandula officinalis and to
cinnama dehyde, respectively.

Ingenera, essentia oilsused inour study showed
asgnificant effect on reducing methane. Thus, wecan
focusfutureresearch on composition characterization
of eachessentid (CG—MYS) and to determine minimal
inhibitory concentration (MIC) allows maximum
methane reduction without adverse effects on

digedtibility.
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