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ABSTRACT KEYWORDS
Ruminants produce the methane (CH,) in large quantities. Its eructation Methane;
led to both energy losses for animals and a worsening of the greenhouse Essentidl oails;
by its radioactive power. The aim of this study was to investigate the In vitro fermentation;
influence of essential oils (EO) extracted from Pituranthos scoparius on Dgestibility;
the methane production and the rumen digestibility. Pituranthos scoparius.

The extraction of EO wasmade by steam ditillation. Pituranthos scoparius
essential oils(PS-EO) wasinvestigated for its oil content using the ordinary
Gas chromatography—mass spectrometry (GC/MS) analysis. The effect of
these EO on the methane production, the digestibility of the dray and
organic matter and the protozoa counting was studied in in vitro gas
production test, using 200 mg of vetch-oat hay ina60 ml graduated syringes.
EO are added at three doses: 50, 100 and 200 pl. Total gas and methane
production wererecorded at 2, 4, 6, 8, 24, 48 and 72h of incubation.
GC-MS analysis allowed for the identitication of 32 compounds as main
congtituents. The major constituentswere myristicin (12.1 %), 7-methoxy-
3-methyl-1H-isochromen-1-one (10.6%) 1-cyclohexyliden-2-methyl propene
(9.9%), Limonene (8.5%), p-Cymene (5.2%) and Thymol (4.8%). Theresults
of this study indicate that EO decreased the methane production after 72
hours of fermentation for the different doses. This decrease the number of
protozoa on which the methanogenic archaea was grafted. The results of
the digestibility showed that EO deteriorate the digestibility of the dray
and organic matter of the oaten vetch hay. Theresultsindicate that the PS-
EO had a potential to reduce methanogenesis in the rumen, but further in
vitro and in vivo trials are required to search optimum dose which reduce
methane production without adversely changing dietary fermentation and
rumen function. © 2016 Trade Sciencelnc. - INDIA


mailto:r_rouabhi@yahoo.fr

ESAlJ, 12(3) 2016

Rouabhi Rachid et al.

INTRODUCTION

Methaneisagaswith very powerful greenhouse
effect"9, Itsatmospheric concentration hasincreased
from 0.70to 1.68 ppm during thelast two centuries®
and continues to increase annually by 0.6%!%4. The
eructation of methane by ruminantsledto both energy
lossfor anima sand aworsening of the greenhouse by
itsradioactive power. Indeed, microbial fermentation
intherumenlead to the formation of volatilefatty acids
and several gases mainly carbon dioxide (CO,) and
methane (CH,). Methane is the principal route of
elimination of hydrogen produced intherumen during
microbia digestion of food.

Different Srategiesaredeployed to mitigatemethane
emissonshby ruminants. They areessentidly interested
to manipulate ruminal fermentation patterns and/or
change of the equilibrium of themicrobia population.
Thus, the use of synthetic molecules regulators of
microbid activity (antibiotics, ha ogenated molecules,...)
areused extensively for severd yeard”824, However,
the new European legidation and therecommendations
of consumer protectionorganizationsgreetly limitedthe
use of thesemethods. Recent legidation (1831/2003;
EC, 2003) has been introduced within the European
Uniontoprohibit theuseof growth-promoting antibiotics
inanimal feedswhich hasled to anincreased interest of
natura substituteslikeplantsand their extractsd?®l.

Some of these new additivesarethe essential oils
(EO). Thesearevolaileand aromatic compoundswith
an oily appearance, which are obtai ned from plantg?.
Somework invitro (artificia rumen) showed that they
are effective in decreasing the amount of methane
produced by bacteriain the rumen(451517.19.24.303%

Pituranthos scopariusisanative plant in North
AfricaespeciallyinAlgeria. It isawidespread plant
characterized by much ramified ssemsamost without
leavesand with smdl fruits. Itisamedicind plant used
for many purposesespecidly totreat asshmaby inhaling
itsvapour.

Theam of thisstudy isto investigatethe content of
essential oils extracted from Pituranthos scoparius
(PS-OE) and to expl oreitsanti-methanogenic activity
in sheep, as well as an assessment of the ration
digestibility and the protozoa counting in absenceand
inpresenceof theseessentid oils.
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MATERIALAND METHODS

Plant material

Aerial parts of Pituranthos scoparius were
collected on February 2007 intheoutskirtsof Ghardaia
(500 kmsouth of Algiers). Theidentification of thisplant
was made on the basis of Quezel and Santa®Y key.

Animal material

Rumind fluid wasobtained from three Shegp chosen
randomly before being sacrificed inthe d aughterhouse
of Tebessa. Their dietisfreeand not defined. Therumen
fluid was transferred to the laboratory into two
prewarmed thermos flasks, preheated to 39 °C,
sueezed through four layers of cheesecl othand purged
with CO.,,.

Extraction of essential oils

1 kg of Pituranthos scoparius samplewasdried
under shade. Theextraction of essentia oilswasmade
by steam distillation. It was conducted for 3 hoursfrom
amixtureof 100 gof plant materia and 1.5L of distilled
water. Just after the extraction, the EO havestored in
well closed glasshbottlesat 4°C and in darkness.

Gaschromatogr aphy/massspectrometry (GC/MS)

Theoil wasanalyzed by GC/M Susing aAgilent
5973El mass sl ective detector coupled with aAgilent
GC6890A gaschromatograph, equipped with across-
linked 5 % PH ME silox-FINAL GALLY PROOF ane
HP-5MS capillary column (30 m x 0.25 mm, film
thickness0.25 um).

Operating conditionswereasfollows: carrier gas,
helium with a flow rate of 1mL/min; column
temperature50 °C for 1 min, 50-150 °C (3 °C/min),
150-250°C (5 °C/min) then isothermal for 5 min.
Injector and detector temperatures, 280 °C; split ratio,
1:50.

The M S operating parameters were as follows:
ionization potential, 70 €V; ionization current, 2A; ion
sourcetemperature, 200 °C; resolution, 1000.

Identification of oil componentswas achieved based
ontheir retention indices, determined with referenceto
a homologous series of normal alkanes and by
comparison of their massspectrd fragmentation patterns
with thosereportedin theliterature and stored on the
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MSlibrary (NIST database). The concentration of the
identified compoundswas computed fromthe GC pesk
areawithout any correction factor.

Invitro gasproduction study

Theestimates of gas production were obtained by
the method of Menkeand Steingass® by incubationin
rumen fluid. All incubationswere completedin 60 ml
calibrated syringes containing 200 mg DM of oaten
vetch hay and 30 ml of buffered rumen fluid (10mL
rumen fluid and 20mL buffer solution). Thepistonwas
fitted precisaly and lubricated using asmall amount of
Vasdline. Theneedle of the syringewas connected with
asilicon rubber tube and closed using aplastic clip.
The solution contai ning buffer solution and the macro
and micromineralswas prepared the day previousto
incubation and stored at 39°C.

PS-EO were added at doses of 0, 50, 100 and
200 pL in 30 mL of buffered rumen fluid under
continuousflushingwith CO,. Triplicatesyringeswere
used for each sampling. Thesyringeswereincubatedin
awater bath (39°C) for 72 h. At 2,4, 6, 8,24, 48, and
72 h of incubation, the gas production (GP) was
recorded and the methane concentration was
determined.

Rumen protozoa counts

Inthisstudy the protozoawere counted according
to themethod deve oped by Ogimoto and Imai®?”. After
24 hoursof incubeation, 100ul of buffered rumen fluid in
each syringe was mixed with 100ul of methylgreen-
forma dehyde-saline solution. Thissolution allowsthe
fixation of cellsby formal dehydeand colouring their
nuclel by methyl green. Themixtureishomogenizedand
kept in thedark for 30 minutesbefore counting. 1ul of
thismixturewaspipettedin Maassez cdll. Theprotozoa
werethen counted using microscopy (x40). Eachsample
was counted twice, and if the average of the duplicates
differed by morethan 10%, the counting were repegted.

Sudy of thedigestibility
(a) Deter mination of thedry matter digestibility

After 72 hoursof fermentation, thecontent of each
syringeiscentrifuged at 12000 rpmfor 20minand 4°C.
The centrifugation nerveisdried at 60°C for 48 hours.
Thedry maiter (DM) digestibility coefficientisca cul ated
asfollows
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D (%) =[IDM-(RDM-RDM)/IDM] * 100

Where: D: Digedtibility; IDM: initid dry métter; RDM:
residual dry matter after incubation; RDMC: average
residual dry matter inthecontrol.

(b) Deter mination of organic matter digestibility

The DM content of feeds and feces sampleswas
determined by oven-drying at 105°C for 48 hi3 (method
930.15). Ash content of sampleswasdetermined after
5hof incineration at 500°C in a muffle furnace, and the
organic matter (OM) content was calcul ated as the
difference between 100 and the percentage of ashi?
(method 942.05).

Thedry resdueswereignitedinamufflefurnaceat
550°C for 5 h. The residue obtained after incineration
representsthe remaining mineral material. Thenon-
degradabl e organic matter rate corresponding to the
difference between theactua dry matter digestibility
and mineral matter remaining.

DOM (%)=10M - (IROM -ROMC)* 100/ 10OM

Where: D: Digestibility of organic matter; IOM:
(introduced) initial organic matter; IROM: incubated
residud organic matter; ROMC: average of theresidua
organic matter inthe contral.

Satistical analysis

Data were analyzed by one-way analysis of
variance. The differences among means for the all
treatmentsweretested using Dunnett. Cd culaionswas
made by STATISTICA program version 6.

RESULTS

Chemical composition of Pituranthos scoparius
essential oil

GC/M Sanadysisof theassayed PS-EO led to the
identitication and quantiGication of 32 components
(TABLE 1), which accounted for 94.8% of thetotal
EO. Sampl e conta nsheterogeneous mix of components
with a high content of Monoterpenes (42.5%). The
mgor condituentsweremyrigticin (12.1 %), 7-methoxy-
3-methyl-1H-isochromen-1-one (10.6 %) and 1-
cyclohexyliden-2-methyl propene (9.9%). Percentages
of Limonene, p-Cymeneand Thymol were8.5%, 5.2%
and 4.8% respectively. Thelowest content was observed
for a-Pyronene, Terpinen-4-ol and Bornyl acetatewith
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0.1%for each one.

Influence of the PS-EO oils on the in vitro gas
production kinetic
The addition of the PS-EO decreased the GP for

TABLE 1 : Chemical composition of Pituranthosscoparius
Essential oil (GSMYS)

Ne Compound %
1 Cyclofenchene 3.6
2 Tricyclene 0.6
3  o-Pinene 29
4  B-Pinene 3.7
5 a-Phellanadrene 22
6 y-Terpinene 24
7 o-Carene 0.7
8 p-Cymene 5.2
9 Limonene 8.5
10 1-Cyclohexyliden-2-methylpropene 9.9
11 o-Terpinolene 2.7
12 a-Pyronene 0.1
13 Terpinen-4-ol 0.1
14 Bornyl acetate 0.1
15 y-Elemene 0.2
16 Germacrene D 01
17 a-Copaene 13
18 t-Muurolene 11
19 Thymol 48
20 4-Acetyl-2-nitroazidobenzene 2.2
21 3,7-Guaiadiene 0.6
22 B-Cubebene 4.6
23 Bicyclogermacene 14
24  3-Cadinene 2.6
25 Myrigticin 121
26  Spathulenol 0.3
27 Propena 3.7
28 Muurolol 21
29 pB-Eudesmoal 32
30 Butylidene phtalide 0.8
31 7-Methoxy-3-methyl-1H-isochromen-1-one  10.6
32 Butylidene dihydro-phtalide 04

% |dentification 94.8
M onoterpene hydrocarbons 42,5

Oxygen-contai ning monoterpenes 5

Sesquiterpene hydrocarbons 12.7
Oxygen-containing sesquiterpenes 3.8
Other derivatives 30.8
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al dosesinadl times. Themagnitude of thisdecreaseis
dose-dependent and it ismore significant for the dose
of 200uL (TABLE 2). Theaddition of 50uL, 100uL
and 200 uL of PS-EO decreased the 72 h GP to 78.33,
73.00 and 43.67 mL respectively in comparisontothe
control (92.67 mL).

I nfluenceof the PS-EO on themethaneproduction

M ethane concentration was s gnificantly decreased
with the addition of PS-EO for al dosesat all times
compared to the control (TABLE 3). At 72 h after
incubation, the PS-EO added with 50uL, 100uL and
200uL reduces methane concentration at 20.67, 13.33
and 08.67 mL respectively compared to the control
(41.33 mL) suggesting that PS-EO isagood methane
inhibitor.

Digestibility of thedry matter

Whatever the dose used of PS-EO, there is a
deterioration of the in vitro DM digestibility. This
decreaseissignificant (p<0.05) for the highest doses
(100 and 200uL). Indeed, using these doses of PS-
EO, thein vitro DM digestibility was decreased to
63.33% and 41.67% respectively compared to the
control (88.33%) (Figure 1).

Digestibility of organic matter

Similarly tothe DM digestibility, theresultsshowed
that the useof PS-EQ isaccompanied by adeterioration
of theinvitro OM digedtibility but thiseffectissignificant
only for the dose of 200uL (p>0.05). Indeed, the in
vitro OM digestibility recorded in the control was
90.94% whereas the addition of 200uL of PS-EO
decreased it t048.72% (Figure 2).

Effect of theEO on protozoa counting

Theeffect of the PS-EO on therumina protozoa
countsispresentedin Figure 3. According to our results,
the PS-EO reduce the protozoa number whatever the
dose used but thisdecreaseisnot significant. Indeed,
theuseof 50uL, 100pL and 200u1 of PS-EO reduce
the protozoacount to 231700 cells/ml, 135000 cells/
ml and 85000 cells/ml respectively in comparison to
thecontrol (490000 cells/ml).

DISCUSSION

In this study we have evaluate the ability of EO
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TABLE 2: Effect of PS-EO on thegasproduction kinetic (ml) £ S.E.M.

Time after incubation (hours)

Dose of EO 4 6 8 24 48 72
Control  32.00°+3.46 41.67*+1.53 44.00°+1.73 48.00°+3.00 71.00°+2.65 89.00°+2.65 92.67%+3.06
50 pl 23.33°+3.06 36.67°+1.15 43.00°+1.73 48.33*+2.89 65.33°+643 74.00°+7.00 78.33°+8.14
100l 22.67°+1.15 3267°+1.15 39.00°+1.73 4367°+3.79 58.00°+4.58 68.33°+4.04 73.00°+3.61
200l 20.67°+4.16 28.67°+3.06 31.33°+4.04 32.00°+3.61 38.00°+5.00 41.00°+7.00 43.67°+7.02

a. b. c: column means without a common superscript letter differ significantly (p < 0.05). S.EE.M.: standard error mean

TABLE 3: Effect of PS-EO addition on themethane production kinetic (ml) = S.E.M

Time after incubation (hours)

Dose of EO

2 4 6

8 24 48 72

Control

05.00% £3.46 09.67%+5.69 10.33*+5.51 10.67°+6.03 18.00°+9.54 41.00%+19.47 41.33°+20.03

50 ul 02.67% +0.58 05.67°+ 0.58 06.33%+0.58 08.33°+4.04 15.00*+4.58 19.00°+7.55 20.67°+ 10.69
100 ul  02.33%+£0.58 04.33%+0.58 04.33°+0.58 05.00°+1.00 09.67°+2.08 12.67°+1.53 13.33°+2.08
200pul  02.33* £1.53 05.00°+1.00 05.67°+0.58 06.00%°+1.00 07.66°+2.08 08.33°+3.22 08.67°+3.79

a, b, c: column means without a common superscript letter differ significantly (p < 0.05). S.EE.M.: standard error mean
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Figurel: Effect of thePS-EO onthedry matter digestibility
& values with common superscript letter do not differ (p >
0.05).

extracted from Pituranthos scoparius to reduce
methanogenosi sin sheep which have not been studied
for this purposebeforein our knowledge. Inthe current
sudy, theuseof PS-EO resultedinasignificant decrease
of bothtota gasand methane production especidly with
highest doses. Theseresultsare cons stent with those
reported inseveral studies. Indeed, other studieshave
recently evaluated the capacity of essentia oils to
mitigate enteric methane productionl61517:19243039 |n
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Figure?2: Effect of thePS-EO on the or ganic matter digest-
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a: valueswith common super script letter do not differ (p > 0.05)
thesestudies, variousessentia oilshavebeentested to
decrease methanogenesis. In a meta-analysis study
conducted in different ruminant species, Khiaosa-ard
and Zebeli™®! have found that the effects of essential
oilsandtheir bioactive compounds at doses<0.75 ¢/
kg diet DM acted asapotentia methaneinhibitor inthe
rumen asaresult of decreased acetate to propionate
ratio. Durmic et al.' have reported a significant
reduction (P < 0.05) in methane production was

Digestibility of the organic matter (%)
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Figure3: Effect of the PS-EO on the protozoa number
ab: values with common superscript letter do not differ (p >
0.05)
observed with eight essentid oils (upto 75% reduction).
Similarly, it wasfoundin Zmoraet a . that after 24
hours of incubations, addition of 16.34 and 23.35 mg
of Mentha piperita L. to the 233.3 mg of substrate
sgnificantly decreased methaneemisson by 41.52 and
15.51%, respectively. Results reported by Jahani -
Azizabadi et al . indicated that coriander, cinnamon,
red basil, oregano 2, cumin, caraway and dill essentia
oils caused asignificant decrease (P < 0.05) in total
methane production (1.5, 0.3, 1.0, 1.3, 1.1, 1.1 and
2.0 compared with 2.3 in control as mmol/g DM
incubated, respectively). Finely, Origanum and clove
oilsresulted in lower methane emission compared to
control and peppermint oil as reported in Patraand
Yuld,

Many studiesreported that the effectsof EO differ
depending on their chemical components. Severa
studies on PS-EO composition have been aready
published, revealing agreat variability initschemical
profile (Verite et al., 2004). Furthermore, the
compostion of PS-EOQ differsamong harvesting seasons
and geographical locationg?!. Inthisstudy, we have
found that the major constituents of PS-EO were
myristicin (12.1 %), 7-methoxy-3-methyl-1H-
isochromen-1-one (10.6 %) and 1-cyclohexyliden-2-
methyl propene (9.9%), limonene (8.5%), p-Cymene
(5.2%) and thymol (4.8%). Veriteet d. (2004) showed
that PS-EO revealed menthone, pulegone and neo-
menthol asthe main constituents (35.9, 23.2and 9.2%
respectively) while Cherrat et al. (2014) found that
pulegoneisthe main component of MP-EO (33.65%)
followed by a-pinene (24.29%) and cineole (10.53%).

Theliterature suggeststhat essential oilsmitigate
methanogenesis mainly by a direct toxic effect on

Number of protozoa {x10°cells/ml)
w
8

5
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methanogens”. It has been suggested that essential
oils cause changesin thearchaea communities, orin
the activity of methanogens, to reducetherateof CH,
production by rumen archaed®. Severa studies, most
of them in vitro, have been published on effects of
essential oils components on rumen microbial
fermentation®'Y. Many of the component secondary
metabolitesinessentid oils(Thymoal, Carvacrol, Eugenal,
Cinnamaldehyde. . .) exhibit different antimicrobial,
antifungal and antiprotozoal activity!!"10121316.1822.24]
witch influence directly the methane production.
Oxygenated monoterpenes, particul arly monoterpene
alcoholsand aldehydes, strongly inhibit growth and
metabolism of rumen microorganisms®. Ross (1995)
found that thymol, eugenal, vanillin, and limonenewitch
arethe main componentson an organic carrier reduce
volatilefatty acidsto amaximum of 10%.

The antimicrobia action of EO is due to their
potentid to beintruded into thebacterid cell membrane
and disintegrateits structureswhich causesionleskage.
Essential oils have ahigh affinity for microbial cell
membranesther lipophilic nature. Thefunctiona groups
of essentid oilsinteract with membrane componentg®!
and thenormal ion transport acrossthe membraneis
altered. The membrane becomes disrupted and
microbial enzymes are inactivated?®?® which
compromise viability and activity of the ruminal
microorganisms.

Clearly essentia oilsare ableto manipulaterumen
fermentation. Thereported effectsarelikely to bedue
to selective pressures exerted on different microbial
populations, resultingin different bacteria numbersand
subsequently different ectivitieswhichinfluencedirectly
thenutrient digestibility. Resultsof thisstudy haveshown
that PS-EO deteriorate both DM and OM digestibility.
Thisfindingisinagreement withmany other sudiesusing
other oils. Indeed, Sallam et a. (2012) reported that
highest levelsof Achilleasantolina, Artemisajudaica,
and Mentha microphylla EO produce a significant
reduction in true degradation of dry matter and organic
matter. However, Zomoraet a .* found that Mentha
piperita supplementation exerted no effect onthedry
matter digestibility after 24 hours of incubations. A
reduction inthedigestibility even if accompanied by
reductionsin CH, productionisnotinteresting. It would
generaly beviewed to be nutritional ly unfavourable,
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and can be associated with nonspecific depressed
ruminal fermentation with less efficient rumen
fermentation.

Protozoahave aprominent position supported by
their dose phys cd associ ation with methanogens, which
favours H, transfer from one to the other. A strong
positive interaction was found between protozoal
numbersand methane emissong®. Inthe present study,
protozoacountswere reduced by approximately 20to
50% depending on doses of PS-EO compared to the
control. Intheliterature, it gppearsclearly that the effect
of essentid oilsonrumen protozoavaries. Sdlamet d.
(2011) found that highest level sof Achillea santolina,
Artemisia judaica, and Mentha microphylla EO
produce a significant reduction in protozoa count.
Similarly, Ando et a.I¥ have shown that feeding 200 ¢/
d of dried peppermint (Mentha piperita L.) to
cannulated steers significantly decreased protozoa
numbers by approximately 50%. However, Benchaar
et a . reported that there was no effect of feeding 750
mg/d of blendsEO to dairy cattleon protozoa numbers
determined in vivo. Although themechanism of action
hasnot been clearly ducidated, it may berelated to the
lipophilic nature of compounds such asanethol which
facilitatespermestion of essentid oil acrosstheprotozod
membrang*Z,

CONCLUSION

It can be concluded from the present results that
PS-EO significantly influenced total gasand methane
production. Thiseffect isaccompanied by areduction
of thedry and organic matter digestibility and astrong
toxicty towardstherumind protozoa Theantimicrobid
effect of the EO componentsisat theorigin of thiseffect.

Rumenisacomplex ecosyseminwhichthedifferent
microorganismsinterferewith each other, and whose
determinationisessentid for the understanding of many
phenomenataking placein the rumen. Our work must
be completed by:

- furtherinvitroand in vivo trials are required to
search optimum dose which reduce methane
production without adversely changing dietary
fermentation and rumenfunction.

- Adetermination quantitativeand quditativeof AGV
productsduring fermentation.
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Toxicity to ruminants, users and consumers,
pa atability and effectson organol eptic qudity of animal
productsrequirefurther research to ensurethat these
EO can be safely used inlivestock production which
allow us to advise farmers on using plants rich on
essentid oilsinthediet of ruminantsin order to combat
theemissionof CH,, performstheruminantsproductivity
and preservethe environment.
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