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ABSTRACT

As part of the valorization of medicinal and aromatic plantsin South Mo-
rocco, we studied the effect of provenance ontheyield, chemical composi-
tion and antibacterial and antifungal activity of essentia oilsof Ammodaucus
leucotrichus subsp. leucotrichus. The essential oils obtained by hydro-
digtillation of the fruits were analyzed by GC and GC/MS. The most abun-
dant compounds identified varied depending on the origin of the plant:
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perillaldehyde (69.9% to 88.7%), limonene (8.3% to 16.6%) and a-pinene
(1.4%t0 7.1%). Theoilsanalyzed al displayed strong antimicrobial activity

against all the microorganisms tested.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

The spontaneous florain the Saharan regions of
M orocco and therel ations between humansand plant
gpeciesdeserve particular attention. Some specieshave
pharmacol ogica properties making them of mgor me-
dicina interest. Natura remedies, particularly medici-
na plants, wereformerly themain, and sometimeseven
the only remedy for pathol ogies, and today can pro-
videraw materia for modern medicine.

Ammodaucusleucotrichus Cosson & Durieu, aso
known ashairy cumin or kammun essofi belongstothe
botanica family of Apiaceae. Thisspeciesthrivesinthe
desert sandsand gravelsof Saharan ouadi, often at the
foot of hillsor dunes. It growsinarid bioclimatic condi-
tionswhereannual precipitation does not exceed 100

mm and flowersfrom Marchto May!".
Itisfoundin Morocco, the Canary ISandsandin
Algeria. The speciescomprisestwo subspecies:
Ammodaucus|eucotrichusssp. nanocarpusBdtran-
Te isvery small insizeand isendemictotheAtlantic
coast of the M oroccan Saharaand the Canary 19 ands.
Ammodaucusleucotrichus ssp. leucotrichus Coss.
& Durieu: Thissubspeciesistaler than the other sub-
species, and isdistributed in awider areaextending
from Morocco, Algeria, Tunisiato Egypt2.
Ammodaucus|eucotrichusisan annua herbaceous
plant with drawn up semsandfingy driated. Theleaves
aredivided into narrow, somewhat fleshy strips; the
umbels have 2-4 rays and involucral bractsthat are
muchdivided. Thefruitsarevery hairy, withlong, curly,
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yellow-russet hair at the base, otherwisewhite, 8-10
mminlength. Theplant hasavery strong odor of ani-
seed™,

Ammodaucus|eucotrichusisone of thearomatic
medicina plants most commonly used to treat many
different infections. Dried, crushed and mixed withwar
ter or goat’s milk, or alone, applied to the skin or taken
orally it isused against snake bites, to treat infected
wounds, or to prevent infection. Thecrushed seedsare
mixedwithmilk andinhaedtotreat Snusgtis. It candso
be used to perfumetea®.

Boiledinmilk, theseedsareusedto treat infections
of therespiratory tract and laryngitis. Inaninfusonwith
teawith milk, or added to food as a spice, the seeds
areused asappetizersand or asliqueurstotreat colitis.
Thefruitsof Ammodaucusleucotrichusaread sousedin
decoction againgt indigestion, anorexia, somedlergies,
palpitations, diarrheaand vomiting?.

To our knowledge only one study has been under-
taken to determinethe chemica composition of thees-
sentid oil of thefruitsof Ammodauicus| eucotrichusssp.
leucotrichus from the Dakhla area (southern Mo-
rocco). No study has been conducted of the chemi-
ca profilesof theessentid oilsof hairy cuminfromdif-
ferent areasin southern Morocco or to evaluatetheir
rangeof antimicrobid activity. Theam of thisstudy was
thusto characterize the chemical composition and the
antibacteria and antifungd activity of essentid oilsex-
tracted from thefruits of Ammodaucusleucotrichus ssp.
leucotrichus sampled in the south of Morocco.

EXPERIMENTAL

Plant materials

Fruitsof Ammodaucus|eucotrichusssp leucotrichus
werecollectedin June, 2011, intheregion of Mkamima
(East Tata, South Morocco) and intheareaof El Galta
(East Aayoune, South M orocco).

| solation of essential oils

Samples of plant materiel (200 g) of the two
Ammodauicusleucatrichusssp leucotrichus provenances
weresubjected to hydro-didtillation using aClevenger-
type apparatus for two hours®. The method used is
that described in the European Pharmacopoeid® and
Afssaps (the French health products safety agency)
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2008 recommendations. Three replicates were
perfotrmed for each A. leucotrichus provenance. The
yields (w/w) of essentia oilswere determined based
ondry weight. Essential oilsweredried over anhydrous
sodium sulfateand stored intherefrigerator until andy-
Ss

Analysis of essential oils

Gaschromatography (GC) analysiswasperformed
using aHewlett Packard Gas Chromatographer (HP
6890) with el ectronic pressure control, equipped with
aHP-5MS capillary column (30 m x 0.25 mm, film
thickness 0.25 pm), a FID detector set at 250 °C and
fedwithaH%/Air mixture, and asplit splitlessinjector
set at 250 °C. The injection mode was split (1:50) and
theinjected volumewas 1 pul. Nitrogen was used as
carrier gaswithaflow rateof 1.7 ml.min. Thecolumn
temperature was programmed from 50t0 200 °C at a
heating rateof 4 °C.min*. Thegpparatuswas controlled
by a“Chemstation” computer system.

Gaschromatography/massspectrometry (GC/MYS)
analysiswas performed using aHewl ett-Packard Gas
Chromatographer (HP 6890) coupled withamass gpec-
trometer (HP 5973). Fragmentation was performed by
electron impact at 70 ev. The column used was HP-
5M S (30 m x 0.25 mm, film thickness 0.25 um). The
injection modewas split (1:50). The columntempera:
turewas programmed from 50 to 200 °C at a heating
rate of 4°C.min. The componentsof the essentia oils
wereidentified based on Kovats retention indices and
mass spectral database (NIST 98 library).

Microorganismsstudied

The antimicrobia activity of the Ammodaucus
leucotrichusoilswasevaluated in 11 isolated strains.
Thefollowing microorganismswere used:

. Bacteria: Escherichiacoli, Bacillussubtilis, Sta
phylococcus aureusand Micrococcus|uteus.

. Fungi: Aspergillusniger, Penicillium digitatum
and Penicilliumexpansum.

. Wood decay fungi: Gloeophyllum trabeum,
Poria placenta, Coriolus versicolor and
Coniophoraputeana.

Thefour pathogeni c bacteriawere chosenfor their
highresistanceto antibioticsand for their toxicity in hu-
mans. They areencountered in many infectionsin Mo-
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rocco and poseaclinical and therapeutic problem. The
threesdlected fungi are agentsof decay incommonfood
and fruits and can be toxic and pathogenic for both
humans and animals. Thefour wood decay fungi used
inthisstudy arethe most important wood-destroying
fungi inbuildings, inwood in contact withthe soil (poles
andrailways) or buildings (bridges). They werechosen
for the considerabl e damage they causeto wood and
related products”9.

Bacteriawere batches of “American Type Culture
Collection” ATCC. They were subcultured on nutrient
agar for 24 h at 37 °C in the dark. Mold and wood
decay fungi camefrom the Mycothéque collection of
Microbiology Laboratory in Forestry Research Cen-
tre, Rabat, Morocco. They were subcultured on PDA
(Potato DextroseAgar) nutrient medium for seven days
at 25°Cinthedark.

Thetechnique used was dispersion of EO inthe
0.2% agar solution. Theminimum inhibitory concentra-
tions(MIC) of the EO of Artemisiawere determined
using themethod reported by Remmd et a. and Satrani
etal.l"8,

Antimicrobial assays

Minimum inhibitory concentrations (MIC) of es-
sentia oilswere determined according to the method
reported by Remmal & al. and Satrani & .8, Dueto
theimmiscibility of essentid oilsinwater and hencein
the culturemedium, emul sification was obtained by us-
ing a solution of 0.2% agar to promote contact be-
tween thegerm and the compound. Dilutionswerepre-
pared at 1/10th, 1/25th, 1/50th, 1/100th, 1/200th, 1/
300th and 1/500th in the agar solution. Each test tube
contained 9 ml of agar mediumin 2% malt extract. The
samples were autoclaved for 20 min at 121 °C and
cooledto45°C. Aliquots (1 ml) of each dilution were
then added to obtain fina concentrationsof 1/100, 1/
250, 1/500, 1/1.000, 1/2.000, 1/3.000, 1/5.000 (v/v),
and thetubeswere stirred well beforethe solution was
poured into Petri dishes. Negative controlscontaining
only the culture medium and the 0.2% agar solution
were a so prepared.

Inoculation of the bacteria and molds was per-
formed by streaking with aplatinumloop cdibrated to
collect thesamevolumeof inoculum. Thebacteria in-
oculum consisted of abroth cultured for 24 hours, and
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for the molds, of sporesfrom a 7-day culture in the
PDA suspendedin physiologica sdine.

Inoculation of thewood-decay fungi wasperformed
by depositing fragments (1cmin diameter) taken from
the periphery of amycdium cultured for 7 daysin PDA.
Sampleswereincubated inthedark for 24 hat 37 °C
for bacteriaand for seven daysat 25 °C for mold and
wood decay fungi. Each test wasrepesated threetimes.
MIC wasdetermined asthelowest concentration of ol
abletoinhibit vigblegrowth of each microorganismon
the agar plate.

RESULTSAND DISCUSSION

Yield and chemical composition

The average yield of essentia oil of fruits of
Ammodaucusleucotricus ssp. leucotricusisexpressed
inmillilitersof 100 g of dry matter of theaerid part of
theplant. Yieldsof essentia oil from plantsoriginating
from El Gatawere higher than yields of essential il
from plantsoriginatingfromMkamima(1.5% compared
to 1%).

Chromatographic andysisof theessentid oilsiden-
tified 16 compounds representing atotal of 99.5% for
Ammodaucus leucotricus ssp. Leucotricus from
Mkaimimaversus only 7 compounds (for atotal of
99.9%) from El Galta(TABLE 1).

The essential oil of the fruits of Ammodaucus
leucotrichus ssp. leucotrichus originating from
Mkaimimawasrichin perillaldehydewith 69.9%, li-
monene (16.6%) and less a-pinene (7.14%). The hy-
dro-didtilled essenceof thefruitsof A. leucotrichusorigi-
nating from El Galtamainly contained perillaldehyde
(88.7%) whereas limonene content did not exceed
8.3% and a-pinene content was only 1.4%.

Theessentia ail of thefruitsof hairy cuminfrom
Mka mimawas characterized by low concentrations of
componentsthat were completely absent inthe hairy
cuminoriginating from El Gdta: o-fenchene, -pinene,
myrcene, a-terpinene, terpinolene, cis-oxide of li-
monene, terpin-1-ol, perilla cool and a-copaene.

A study conducted by Vel asco-Negueruelaet al.
on the fruits of Ammodaucus leucotrichus ssp.
leucotrichusfromtheregion of Dakhla(southern Mo-
rocco) showed that the essential oil mainly contained
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TABLE 1: Percentage chemical composition of essential oils
from fruitsof Ammodaucusleucotricusssp. leucotricusasa
function of thelocation theplantswereharvested.

IK Components Mkaimima El Galta
(%) (%)

928  a-pinene 7.14 1.44

935 Camphene 0.17 0.14

942  a-fenchene 0.48 -

967  Sabinene 0.63 0.28

971  B-pinene 0.82

985 Myrcene 0.23 -

1006 o-phellandrene 0.67 0.46

1019 o-terpinene 0.17 -

1023 limonene 16.62 8.26

1093 terpinoléne 0.50

1128 Cis-oxyde 0.70

limonene

1132 Terpin-1-adl 0.41 -

1273 Perillddenyde 69.88 88.72

1293 perillaalcool 0.26

1373 o-copaene 0.39 -

1386 B-cubebene 0.50 0.68

Total 99.57 99,98

IK : Kovats index, % : percentage, - : absence.

perillaldehyde (63.6%) and limonene (26.8%). This
speciesthus containsless perillal dehyde but moreli-
monene than the speci es originating from our two re-
gions(Mkamimaand El Galta). Inaddition, a-terpin-
eol, methyl perillate, 3-hydroxyperillaldehydeand y-
decalactonewere specific to theessentid oil fromthe
hairy cuminfrom Dakhlawhiletheessenceoriginating
from Mka mimawas characterized by a-fenchene, cis-
oxyde of limonene, terpin-1-ol, copaene a-and f-
cubebene.

Essential oilshydro-distilled from two aromatic
medicinal plants Dracocephal um polychaetum and
Dracocepha um surmandium originating from Iranwere
shownto qualitatively resemble our two essences ex-
tracted from hairy cuminwith chemical profilesdomi-
nated by perillddehyde (respectively 63.4% and 54.3%)
and limonene (respectively 22% and 30%) . Similarly,
the essence of thefruitsof Laser trilobum (L.) Borkh.
originatingfrom Turkey, mainly contained perillad dehyde
(62%) and limonene (26.7)19,

In addition, the perilla dehyde content (83%) of the
essential ail of the bark of Hemandia voyroni from
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Cameroon™™¥ resembles that in the essential oil of
Ammodaucusleucatrichusfruitsoil originating from El
Galta(88.7%).

Thankstoits high perillaldehyde content, the es-
sentid oil fromA. leucotrochusfruitsoriginatingfromEl
Galta could be a source of this active ingredient.
Perillaldehydeisused asacomponent of perfume, cos-
meticsand for itsaromd™@. Perillaldehyde can be con-
vertedinto perillaacohol, whichisa so usedintheper-
fumeindustry.

Perilladehydeisalso sweet, 12 timessweseter than
sucrose. Perillartine, an oximewith 2000 timesmore
intense sweetness than sucrose is synthesized from
perilladehyde s,

Antimicrobial activity of essential oils

Theantibacteriad and antifungd activitiesof thees-
sentid oilsfromthefruitsof Ammodaucusleucotrichus
ssp. leucotrichusfrom thetwo provenancesarelisted
INTABLE 2. Essentid oilsfrom hairy cuminfrom both
provenances displayed asignificant inhibitory effect
againgt dl themicroorganismstested. Theessentid il
extracted fromA. leucotrichusfrom El Gudtainhibited
Escherichiacoli, Bacillus subtilus and Micrococcus
luteusat alow concentration (of the order of /1000 v/
v) and only Staphylococcus aureusresisted up to 1/
500v/v. Thehighresstance of thelast germto multiple
antibiotics has already been reported by severa au-
thord®>11, All the bacterial strainstested in thisstudy
wereinhibited by essentia oil fromA. leucotrichushar-
vested in Mkaimima, starting at aconcentration of 1/
500 v/v.

The essentid oilsfrom thetwo provenancesof A.
leucotrichus al so displayed great inhibitory activity
agang mold andwoodrot fungi. Thegrowth of dl fungi
tested was stopped at aconcentration of only 1/1000v
/ v. A concentration of only 1/2000v / v essentid oilsof
hairy cuminfrom thetwo provenanceswas a so suffi-
cient toinhibit the growth of C. puteana, P. placenta
and G. trabeum, but not C. versicolor, which resisted
upto /1000 v / v. The lower sensitivity of C. versi-
color to both essentid oilstested compared to the other
fungal speciescould be explained by theability of this
fungusto produce laccase and other extracellular en-
zymesthat catalyzethe oxidation of phenolic compounds
and causestheir inactivation819,
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TABLE 2: Antibacterial and antifungal activity of essential oilsof thefruitsof Ammodaucusleucotricusssp. leucotricusfrom
theregion of Mkaimima (M) and from ther egion of El Galta (G)

1100vlv 1250 viv \%300 \1/;3000 \1/; \2/000 \1/;\3/000 \1/; 5000 Témoin
M G M G M G M G M G M G M G M G
Bactéries
E. coli + + O+ o+ o+ o+ o+ + +
B. subtilus + + + + + + + + +
M. luteus + + 0+ 4+ o+ 4+ o+ + +
S aureus - - - - + + + + + + + + + + +
M oisissures
A. niger +
P. expansum +
P. digitatum +
Champignons
C. puteana + + + + + +
C. versicolor + 4+ 4+ o+ o+ + + +
P. placenta + + + + + +
G. trabeum + + + + + +
with :

E. coli : Escherichia coli, B. subtilis: Bacillus subtilis, M. luteus : Micrococcus luteus, S. aureus : Staphylococcus aureus, A. niger :
Aspergillus niger, P. digitatum : Penicillium digitatum, P. expansum : Penicillium expansum, G trabeum : Gloeophyllum trabeum, P.
placenta : Poria placenta, C. puteana: Coniophora puteana, C. versicolor : Coriolusversicolor,

+: Growth
- : Inhibition

Thehigh perilla dehyde content of theessentid oils
from thetwo provenancesof A. leucotrichusisrespon-
sibleforitsstrong bactericida and fungicidal activity.
Indeed, the essential oils of both Dracocephalum
polychaetum and Dracocephal um surmandium, with
respectively 63.4% and 54.3% perilld dehyde, strongly
inhibited dl Gram-positiveand Gram-negative bacteria
tested®. The most sensitive microorganismswas Sta-
phylococcus epidermidis, whosegrowth wasinhibited
at aconcentration of only /3000 V/V of the essential
oilsof both plants. The Pseudomonasaerugenosagerm,
knownfor itsresistanceto antibiotics, wasstrongly in-
hibited by the essence of Dracocepha um polychagtum
at aconcentration of 1/500 V/V.

Theantibacteria power of theessentia oil of fruits
of thehairy cuminfrom El Galta, which had thehighest
perilla dehyde content (89%), was greater thanthat of
the essence of MkaimimaA. leucotrichus (70% of
perillddehyde) (TABLE 2).

Friedman and a .1 al so tested the bactericidal ac-
tivity of 96 essentid oilsand 23 of their pure compounds

against Campylobacter jguni, Escherichiacoli, Listeria
monocytogenesand Salmondlaenterica. Theseauthors
reported that perillal dehyde was among the most ef -
fective substances against these pathogenic bacterial
srains. Weak concentrationsof perilla dehydewereaso
shown to be effective against bacteriathat contaminate
thefoodstuffg.

In addition, among 22 monoterpenoidstested for
their fungicida efficacy, perillaldehyde displayed good
inhibitory activity against the germination of the spores
and the growth of the mycelium of two fungal patho-
gensof fruitsBotrytiscineriaand Moniliniafructicol d?.
McGeady et a.[%l, showed that very weak concentra-
tionsof perilladehydeand carvonecaninhibit thetrans-
formation of Candidaa bicansinto thefilamentousform
knownfor itspathogenicity. Inhorticulture, Smid et .[2*
investigated the effect of treating tulip bulbswith 15
terpene compoundsof essentid oil sagainst rot caused
by thefungus Penicillium hirsutum. Theseauthorscon-
cluded that perillaldehydewas one of thefour most ef-
fective compounds against these pathogeni ¢ fungi and
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did not affect the growth or flowering capacity of the
tulip bulbs.

Kuritaand K oik€? showed that the synergistic
effect obtained by combining very small quantities of
ethanal, sodium chloride, acetic acid and perilla dehyde
produced high antibacterial and antifungd activity. The
authorsstrongly recommended gpplying thismixturefor
the preservation of food asasubstitutefor the synthetic
chemicalsthat are currently used and are harmful to
human hedth. Smilarly, the oil essential from thebark
of Hemandiavoyroni from Cameroon, which contains
82.8% perilla dehyde, displayed remarkabl e antibac-
terial and antifungal activity against six microbial
straing,

Inouye and al.?®! studied the correl ation between
theantifungd activity and the power of diffusion of the
constituentsof essentid oils. They concluded that ter-
pene aldehydes like perillaldehyde, citral and
cinnama dehyde, arevery effectiveagaing bacteriaand
fungi thanksto their high diffusivity inthe culture me-
dium, which enablesrapid direct contact with microor-
ganisms.

Asreported in severa studies, perilladehydeaso
hasinsecticida properties. Omolo et a.?” showed that
perilladenydeand perillyl acohol, two components of
the essential oil of Conyza newii (originating from
Kenya), displayed high insecticidal activity against
Anophelesgambiae, themanvector of mdaria Invitro,
perillaldehyde extracted from the leaves of Perilla
frutescens caused thetotal destruction of Anisakislar-
vaedfter 24 W8, Hierroand a . tested thelarvicide
activity of severd puremonoterpenederivativesof aro-
matic and medicinal plantson the sameparasiteand
concluded that perillaldehydeisvery effective against
the parasitic disease caused by the L3 larvaof thenema-
todeAnisakissimplex. Theauthorsexplained thehigh
letha effect of perilladehydeagainst thelarvaeof this
nematode by thedamage it causesto the nervous sys-
tem of the parasite.

Perilla dehyde hasa so been shown to haveahigher
antioxidant activity than some terpene acohol and
phenolssuch ascarvacrol, anethol and linal ool

CONCLUSION

Our quditative and quantitative analysis of essen-
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tial oils extracted from the fruits of Ammodaucus
leucotrichus ssp. leucotrichusgrowing intheregions of
Mkamimaand El Gatain southern Moroccoidentified
16 and 7 componentsrespectively. Theessentid oil from
thehairy cumin originating from Mka mimawasshown
to berichin perilla dehyde (approximately 70%) and
limonene (16.60%), whiletheessenceof A. leucotrichus
from El Galtais dominated by only one compound,
perilla dehyde at 89%.

Invitro, theessentid oilsfromthetwo originsdis-
played strong antibacteria and antifungd activity aganst
al thebacteria, molds, and timber rot fungi tested. The
bioactive power of theessentid oilsextracted fromhairy
cumin from thetwo provenanceswasmainly attributed
totheir high percentageof perilladdehyde. Based onthese
results, theessentia oilsof thefruitsof Ammodaucus
leucotrichus sp. leucotrichus could be used asasource
of thisnatura monoterpene, pavingtheway for itsuse
inthedevel opment of effectivethergpeuticagentsinthe
medicd field or asapreservativeinthefood industry.
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