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ABSTRACT
As part of the valorization of medicinal and aromatic plants in Morocco,
we studied the effect of the provenance on the yield, chemical composition and antimicrobial activity of the essential oils of Artemisia herba
alba. The essential oils obtained by hydrodistillation from branches were
analyzed by GC and GC/MS. The most abundant compounds identified
vary according to their origins: á-thujone (17,52 to 48,91%),
chrysanthenone (26,64 to 48,11%), 1-4 cineole (0,32 to 9,7%), artemisia alcohol (1,83 to 8,65%), camphor (0,04 to 6,68%) and á-pinene (2,21
to 6,42%).. The influence of the provenance on the antimicrobial activity
of these essential oils was also highlighted.
 2016 Trade Science Inc. - INDIA

INTRODUCTION
Morocco, by its diversity phyto-economic arising from its geographical location and its Mediterranean bioclimatic moods, reveals an appreciable
wealth in terms of aromatic and medicinal plants
(4500 plant species, 940 genera and 135 families)[6].
Also, Morocco occupies the second rank among the
Mediterranean countries for its richness in endemic
plants[8], and is one of the countries that are major
producers and suppliers of medicinal and aromatic
plants and their derivatives. Among the 7000 spe-
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cies and under existing species 537 are endemic and
1625 are rare or threatened[6].
In fact, the aromatic and medicinal plants constitute natural resources with high value, which can
play an important role in the socio-economic development of certain economically disadvantaged regions. Besides, it is also noted the great trend or
desire to return to nature and plants despite the important development of chemistry, biochemistry and
the organic analysis in the therapeutic and medical
areas.
Among the multitude of aromatic and medicinal
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plants existing in Morocco figure the genus Artemisia which belongs to the family of Asteraceae. This
is one of the most pervasive genera and the most
studied of this family, it contains a variable number
of species reaching 400 species spread over the five
continents[32, 24, 46, 18]. The infusions of these species
have been used as an analgesic, antispasmodic, antidiarrhea or as diuretic agent[12, 9], while several extracts and essential oils of these species have shown
biological activities, such as the antimicrobial activity[42, 18, 4], antioxidant[16, 24, 28, 25], anti-inflamatory[19]
and insecticide[34].
In Morocco, the genus Artemisia is represented
by thirteen species. Among the most important, there
is the Artemisia herba alba which is a genuine mine
of natural and very interesting molecule. This Artemisia herba alba is also a great economic interest
in Morocco. Two countries share the international
market for essential oils of this specie: Morocco
and Tunisia. But Morocco holds the biggest share,
90% of the world market[31]. In Morocco, a single
route of industrial exploitation of the Artemisia
herba alba is currently used: the production of essential oil for the perfumery of high range. The consumption of the local market in the form of botanical
remains negligible as compared to the first form of
industrial exploitation. However, Artemisia herba
alba is distinguished by four main chemical races,
camphor, -thujone, ,-thujone and -thujone and
camphor[8]. The product that perfumers look for is
the one that matches the chemotype “-thujone and
camphor”. The concentrations of these constituents
in the essential oil of Artemisia herba alba must
range between: 30-36% for -thujone and 33-38%
for the camphor. In addition, the regions of the east,
the Middle Atlas, High Atlas and the Anti-Atlas foothills constitute the main areas of aquifers of the Artemisia herba alba which are still not exploited.
The area is estimated to be of 1.5 million ha.
In fact, several works have been carried out on
the essential oils of the Artemisia herba alba and
their biological activities[2, 18, 44, 3, 4].
However, no work has been done to identify and
map the different chemical breeds and essential oils
of the Artemisia herba alba in the region of eastern
Morocco. This is the objective of our work which
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is to characterize the chemical map of the five provenances to determine the origin of chemotype
searched by the industrialists as well as the evaluation of their antibacterial and antifungal power on
various micro-organisms for a better valorisation
and conservation of the resource.
MATERIALS AND METHODS
Materials
Plant material
Samples of aerial parts of Artemisia herba alba
were harvested in June 2013 from five region of
eastern Morocco. It is about origins of the reserve
Aswiwinia (Beni Matthar), Hassi Al Abyad
(Jerrada), Oued Ogba (SIBE Acherrakh), Oued Al
Kharroub (Dam Machraa Hammadi) and Oued Asla
(Al Ayoun east).
Microorganisms studied
The antimicrobial activity of the Artemisia
herbaalba oils was evaluated on eleven isolated
strains. The microorganisms used were as follows:
 Bacteria : Bacillus subtilis (gram+), Escherichia coli (gram-), Micrococcus luteus (gram+)
et Staphylococcus aureus (gram+).
 Fungi : Aspergillus niger, Penicillium digitatum
et Penicillium expansum.
 Wood rot fungi: Gloeophyllum trabeum, Poria
placenta, Coniophora puteana and Coriolus
versicolor.
The four pathogenic bacteria are chosen for their
high antibiotic resistance and toxicity in humans. They
are frequently encountered in many infections in
Morocco and pose a clinical and therapeutic problem. The three selected fungi are agents of decay in
common food and fruits and can be toxic and pathogenic for humans and animals. The four wood rot
fungi used in this work are responsible for brown
and white rot of wood. They are the most important
wood-destroying fungi. They were chosen for the
considerable damage they cause in buildings, wood
in contact with the soil (poles and railways) or buildings (bridges)[38, 22]. Bacterial strains are lots of
American Type Culture Collection ATCC, they are
deposited by subculture on nutrient agar for 24 hours
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in the dark at 37°C. Mold and wood decay fungi
belong to the collection of Mycotheque of Microbiology Laboratory in Forestry Research Centre,
Rabat, Morocco. They are regularly maintained by
subculture on nutriment mediun PDA (Potato Dextrose Agar).

tion, it assigns an index of 800 to the linear alkane
in C8 (n-octane), 1000 to C10 linear alkane (n-decane), and this, whatever the stationary phase, the
length of column, the flow rate or the temperature.
The KI are determined by injecting a mixture of C
to C24 alkanes in the same operating conditions[29].
9
They are calculated from the following equation:

METHODS
Extraction of essential oils
The extraction of essential oils was performed
by hydrodistillation in a Clevenger type apparatus[11].
Three distillations were carried out by boiling 300g
of fresh plant material with 2 liters of water for three
hours. The average oil contents were calculated and
expressed in ml/100g. The oil obtained was separated from the distillate water and dried with anhydrous sodium sulphate then it was stored at 4 °C for
further use in bioassay and composition determination.
Chromatographic analysis
Chromatographic analysis of Artemisia herba
alba essential oils was performed on a gas Chromatographer with electronic pressure control, type
Hewlett Packard (HP 6890) equipped with a HP5MS capillary column (30 m x 0.25 mm, film thickness 0.25 µm), a FID detector set at 250°C and using a H2 /Air mixture, and a split-splitless injector
set at 250 °C. The injection mode was plit (split
ratio: 1/50, flow rate: 66 ml min) and the injected
volume was about 1 µl. Nitrogen was used as carrier gas with a flow rate of 1.7 ml.min. The column
temperature was programmed from 50 to 200 °C at
a heating rate of 4°C.min, during 5 min. The apparatus was controlled by a “ChemStation” computer
systeme.
The identification of the components is based
on the comparison of their mass spectra (GC/MS),
respective with spectra of the library NIST 98, of
the bibliography[1] and on the basis of calculation of
Kovats indices (KI). Indeed, the index system is
based on a notion of relative retention. It compares
the retention of whatever product to that of a linear
alkane. This system is applicable in gas chromatography to all compounds on all columns. By defini-

Where in TRx is the retention time of the solute x,
TR n and TRn+1 are the retention times of linear alkanes to n and n + 1 carbon atoms and which frame
the peak of the solute. The retention index KI or a
compound A is independent from the flow rate, of
the column length and of the injected amount (within
a certain limit). The retention index of a compound
A depends on the stationary phase and temperature.
In general, the technique of KI is widely used to
identify the usual essential oils compounds, but it is
insufficient to determine the total chemical composition. The IK tables specific to each product are
proposed in the literature. They were developed using analyzes on different types of columns. These
benchmark indices are compared to those calculated
from our samples.
Microbiological procedure
The minimum inhibitory concentrations (MIC)
of the essential oils were determined according to
the method reported by Remmal and al., 1993, also
by Satrani and al., 2001. Because of the essential
oil immiscibility with water and, therefore, to the
cultural environment, an emulsification was realized
thanks to an agar solution at 0.2%. It allowed to obtain, in the middle, a homogeneous distribution of
essential oils and to make the higher maximum of
compound/germ contact. Dilutions are prepared at
1/10e, 1/25e, 1/50e, 1/100e, 1/200e, 1/300e and 1/500e
in this agar solution.
In test tubes, containing each 13.5 ml of solid
environment TSA (Tryptic Soy Agar) for bacteria,
and the PDA (Potato Dextrose Agar) for fungi, sterilized at the autoclave during 20 min at 121°C and
cooled at 45°C, we add aseptically 1.5 ml of each
dilution so as to obtain the final concentrations of 1/
100, 1/250, 1/500, 1/1000, 1/2000, 1/3000 and 1/
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5000 (v/v). We shake the tubes to disperse properly
the essential oil in the cultural environment before
pouring them into Petri dishes. Witnesses, containing the cultural environment and agar solution at
0.2% alone, are equally prepared.
This latter is presented in the form of culture
broth of 24 hours for bacteria and in the form of a
suspension in physiological water of spores resulting from a culture of 7 days in the PDA (Potato Dextrose Agar) for 3fungi. The seeding is done, for these
latters, by the fragments deposition of 1cm of diameter, taken from the periphery of a mycelia mat, and
originating from a 7 days culture in the malt extract.
The incubation is done at 37°C during 24 h for bacteria, and at 25°C during 7 days for fungi. Each test
is repeated three times.

yields of the Artemisia herba alba of five provenances of the oriental of Morocco can be attributed
to climatic and edaphic conditions specific to each
provenance. In fact, the sites of the north (Oued Al
Kharrub and Oued Asla) are distinguished by a mild
Mediterranean climate influenced by the mountains
and the dams Mohammed V and Machraa Hammadi.
The precipitations reach more than 400 ml on average per year. In contrast, the southern zone (reserve
Aswiwinia, Oued Agba and Hassi Al Abyad) is influenced by a continental climate sensitive to
Saharans factors. The rainfall does not exceed an
average of 100 ml per year. In general, the soils of
different sites are skeletal and stony.
Chemical map of the essential oils of the Artemisia herba alba of the five provenances

The chromatographic analyzes of the essential
oils of the five provenances of the Artemisia herba
Yield in essential oils of Artemisia herba-alba of alba of the oriental of Morocco are reflected in
TABLE 1. The number of compounds identified diffive provenance
fers from one provenance to another. Twenty two
The yield of essential oils of Artemisia herba compounds for the provenance Oued Al-Khurub,
alba of the oriental of Morocco harvest obtained in twenty and a compound for that of Oued Asla, twenty
June varies from 0.84 ± 0.01% to 2.03 ± 0.002 %. compounds for the site of the reserve Aswiwinia.
The best teneure in essence is obtained from the prov- For the other two provenances of Hassi Al Abyad
enance of Oued Asla, followed by that of Oued and Oued Ogba, the number of constituents detected
Alkharroub, the reserve Aswiwinia, Oued Ogba and in their essential oils is respectively 19 and 17 confinally Hassi Al Abyad. Either of the respective rates stituents.
of 2.03 ± 0.002 %, 1.61 ± 0.001 %, 1.15 ± 0.083 %,
The counting of chromatographic analyzes of the
0.99 ± 0.017 %, 0.84 ± 0.017 %.
essential oils of five sources of white wormwood
The levels in essential oil of different prov- has shown their wealth in monoterpens compounds
enances studied remain relatively high compared (56 %) compared to sesquiterpens (20%).
with those obtained by Imelouane and al., 2010 for
The major constituents of the essential oil of Arthe region of Taforalt (East of Morocco) and Ghanmi temisia herba alba vary according to the source and
et al., 2010 for the region of Guercif, which are re- reading of the results shows that the essential oils of
spectively 1% and 1.23 %. This variation in the es- the five origins are similar in quality, but different
sential oil yields has been noted in the south of Spain in quantity.
in a study on the white wormwood crops in four
In fact, the essential oils of Artemisia herba alba
different localities in which the yield ranged from of three sources: reserve Aswiwinia, Hassi Al Abyad
0.41% to 2.30%[40]. It is also noted that the essential and Oued Ogba are rich in -thujone, a dominant
oil yields of the provenance Oued Asla, Oued compound to more than 40%. Hassi Alabyad has the
Alkharoub and the reserve Aswiwinia are relatively highest percentage of this constituent with 48.91 %,
high compared to some plants that are exploited in- followed by Oued Aghba with 48.27 % and finally
dustrially as a source of essential oils[15].
reserve Aswiwinia with 40.19 %. Furthermore, we
This observed variation for the essential oil note the presence of chrysanthenone with rates of
RESULTS AND DISCUSSION
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TABLE 1 : Chemical Composition of the essential oil of Artemisia herba alba

N°

IK

Constituants

P1

P2

P3

P4

P5

1
2
3

924
932
1002

á-thujene
á-pinene
á-phellandrene

C1 0H16
C1 0H16
C1 0H16

0,32
2,8
1,14

0,21
2,21
1,14

0,43
3,07
0,78

0,41
5,71
0,69

0,48
6,42
0,85

4
5

1012
1062

1-4 cineole
Cis- sabinene hydrate

C1 0H20
C10 H20O 2

9,7
0,26

8,33
0,3

5,62
-

3,71
-

0,32
-

6
7
8

1080
1101
1124

Artemisia alcohol
á- thujone
chrysanthenone

C10H1 8O
C10H1 6O
C10 H14O 2

4,46
40,19
29,15

5,35
48,91
26,64

4,43
48,27
27,7

8,65
24,18
43,35

1,83
17,52
48,11

9
10
11

1134
1141
1147

Iso-3-thujanol
camphor
Neoiso-3-thujanol

C10H1 8O
C10H1 6O
C1 0H8O

0,14
1,49
0,86

0,16
0,04
0,98

0,17
1,14
0,94

0,17
2,95
0,52

1,74
6,68
0,64

12
13

1164
1169

3-thujanol
Artemis yl acetate

C10H1 8O
C12 H20O 2

-

-

-

0,06

0,34
-

14
15
16

1174
1214
1219

Terpinene-4-ol
Dih ydro myrcenol acetate
Cis-hydrate acetate de sabinène

C10H1 8O
C10H2 0O
C 12 H20O 2

0,18
0,42
-

0,44
0,33
-

0,06
-

0,16
0,38
0,24

0,37
0,06
0,65

17
18
19

1228
1235
1244

Nor-davanone
Trans chrysanthenyl acetate
carvotanacetone

C15 H24O 2
C12 H18O 2
C10H1 6O

0,35
0,79
0,58

0,79
1,12
-

0,30
0,8
-

0,34
0,37
0,71

0,36
0,35
1,15

20
21

1277
1335

Trans-eth yl chrysanthemumate
ä-elemene

C12 H20O 2
C1 5H22

1,54
2,99

1,43
0,17

1,56
3,94

0,84
1,8

0,57
1,14

22
23
24

1385
1429
1522

Trans acetate de myrtanol
Cis-thujopsene
ä-cadinene

C12 H20O 2
C1 5H24
C1 5H24

0,4
0,05

0,56
0,37

0,35
0,12

0,61
0,61

0,17

25

1537

á-cadinene
Total %

C1 5H24

96,32

99,48

99,7

0,14
96,6

0,27
83,34

P1: Dam Aswiwinia; P2: Hassi Alabyad; P3: Oued Ogba; P4: Oued Alkharroub; P5: Oued Asla; IK: indice de Kovalts; %:
poucentage, -: absent

29.15% for reserve Aswiwinia, 27.7% for Oued
Ogba and 26.64% for Hassi Alabyad. Other compounds are also identified, but at less important levels such as the 1-4 cineole, Artemisia alcohol, elemene and -pinene (TABLE 1).
In addition, the essential oils of two provenances
of Oued Alkharroub and Oued Asla have shown very
important rates in chrysanthenone with a percentage
of 43.35% and 48.11%, respectively. Thus the presence of -thujone which is as important as the previous compound with a rate of 24.18% for the provenance of Oued Alkharoub and 17.52% for the provenance of Oued Asla. We also note the presence of
other minority constituents which are not devoid of
importance like: -pinene, Artemisia alcohol, camphor and 1-4cineole (TABLE 1).

According to these results, we have noted that
the composition of the essential oil of Artemisia
herba alba of the three provenances: Reserve
Aswiwinia, Hassi Alabyad and Oued Ogba is dominated by the -thujone followed by the
chrysanthenone with percentages higher than the 40%
these results show that -thujone is the chemotype
characteristic of the three provenances of the oriental of Morocco.
However, Imelouane et al., 2010 have noted the
absence of -thujone in the samples of the Artemisia herba alba of the region of Taforalt (east of Morocco). Ghanmi et al., 2010, were able to observe a
low rate of 4.4% in -thujone in the essential oils
of the Artemisia herba-alba in the region of Guercif.
Also, Benjilali et al., 1980, have already reported a
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low rate in -thujone in plants from sites of SoukEl-Had of Tahala (2%), Boulmane (10%), Midelt
(3%) and in eight sites in Taliouine (2.2 - 4%). This
rate found in our samples is strong compared to essential oils of the Artemisia herba alba from four
sources of Algeria (6.9 % to 28.1 %). It is the same
for those of Tunisia (16.5 to 42.2 %)[21]. Nevertheless, this constituent has been found preponderant in
the samples of Artemisia herba alba of 4 sites of
Agdz Ait-Saoum reaching 65 to74%.
The high content of the chrysanthenone is a characteristic of our two sources Oued Alkharoub and
Oued Asla. The authors Benjilali et al., 2005 and
Ghanmi et al., 2010, have shown that only the essential oils of Artemisia herba alba of Morocco are
rich in this constituent and approaching the 50 %.
Several white wormwood of different origins are
poor in this compound such as those of Tunisia which
are poor in chrysanthenone and do not exceed the
value of 2.3 %[2]. Similarly, the work carried out by
Belhattab et al., 2012, on the Artemisia herba-alba
of four different regions by their climate and geographical localities in the north-center of Algeria
have shown that the chrysanthenone has varied between 3.9 - 19 %. In Spain, the percentage in
chrysanthenone has varied between 0.1 - 3.6 % for
the 16 samples studied for Artemisia herba-alba[40].

These contents in chrysanthenone always remain
lower than our results.
Our results are in a very good agreement with
the literature which confirm the high percentage in
chrysanthenone thus justifying this specificity of
Moroccan essential oils by this chemotype in the
north of Africa and in all around the Mediterranean.
On the light of these data, we can distinguish
between tow chemotypes among the five provenances
studied: type -thujone for the provenances reserve
Aswiwinia, Hassi Alabyad and Oued Ogba and
chrysanthenone type for the two provenances Oued
Alkharoub and Oued Asla. All this shows that the
chemical composition of the essential oil of Artemisia herba-alba is very variable depending on the
geographical site and the harvesting station.
Antimicrobial activity of essential oils of Artemisia herba alba of the five provenances
The results of the antimicrobial activity of essential oils of Artemisia herba alba of the five provenances are grouped in the TABLE 2.
Overall, the essential oils of the Artemisia herba
alba have shown an effectiveness against all of the
molds of the mushrooms, rot of wood and bacteria
tested.
A concentration of 1/250 v/v of the four bacte-

TABLE 2 : Antibacterial and antifungal activity of essential oil Artemisia herba alba.
Concentrations (v/v)

1/100

1/250

1/500

1/1000

1/2000

1/3000

1/5000

Samples

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5

E.coli

Bacteria
- - - - - - - - - - - + + - + + + + - + + + + + + + + + + + + + + + +

B.subtilis
M.luteus

- - - - - - - - - - + + + + + + + + + + + + + + + + + + + + + + + + +
- - - - - - - - - - + + + + + + + + + + + + + + + + + + + + + + + + +

S.aureus

- - - - - - + - - - + + + + + + + + + + + + + + + + + + + + + + + + +

A.niger

Wood rot fungi
- - - - - - - - - - - - - - - - + + + + + + + + + + + + + + + + + + +

P.expansum
P.digitatum

- - - - - - - - - - - - - - - + + + + + + + + + + + + + + + + + + + +
- - - - - - - - - - - - - - - + + + + + + + + + + + + + + + + + + + +

C.versicolor
C.puteana

- - - - - - - - - - - - - - - - - - - - - + + - + + + + - + + + + + +
- - - - - - - - - - - - - - - - - - - - - - + - + - + + - + + + + + +

P.placenta
G.trabeum

- - - - - - - - - - - - - - - - - - - - - - + + + - + + + + + + + + +
- - - - - - - - - - - - - - - - - - - - - - + + + - + + + + + + + + +

Modls

P1: Dam aswiwinia; P2: hassi alabyad; P3: oued ogba; P4: oued alkharroub; P5: oued asla; +: growth, -: inhibition
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rial strains were inhibited by the essential oils of
Artemisia herb alba Oued Ogba, Oued Alkharoub
and Oued Asla. Only the bacterial strain Escherichia coli was inhibited at the low concentration of
1/1000 v/v related to the essential oil of Oued
Alkharoub. As for the essential oil of Hassi Alabyad,
Staphylococcus aureus has shown more resistance
whereas Bacillus subtilis and Micrococcus luteus
were inhibited from 1/250 and Escherichia coli from
1/500 v/v. In contrast, the strains Bacillus subtilis
and Micrococcus luteus have been resistant to the
essential oil of the reserve Aswiwinia.
As for the molds, they were all inhibited at the
concentration 1/500 v/v of the essential oils of the
five provenances. The most sensitive germ is Aspergillus niger whose growth has been inhibited at
1/1000 v/v for the essential oil from the reserve
Aswiwinia.
Similarly the wood rot fungi have shown great
sensitivity to the essential oil of Artemisia herba
alba of five sources. The most sensitive fungi are
Coniophora puteana, Poria placenta and
Gloeophyllum trabeum whose growth has been inhibited to 1/3000 v/v of the essential oil from reserve Aswiwinia and at 1/2000 for the provenance
Hassi Alabyad. It is also noted that Coriolus versicolor and Poria placenta were inhibited at 1/3000
v/v for the essential oil of Oued Alkharoub.
The essential oils of Oued Alkharoub and Oued
Asla are more active against the bacteria while those
of the reserve Aswiwinia and Hassi Alabyad are
more effective against fungi of wood rot.
According to our results, we found that the wood
rot fungi are more vulnerable to the essential oil of
Artemisia herba alba than bacteria, which is also
in agreement with the investigations of several authors who have shown that, for the essential oils of
several aromatic and medicinal plants, fungi are more
sensitive than bacteria[17, 30, 45]. Some other work also
show the antimicrobial power of the Artemisia
herba-alba harvested in the regions of Taforalt[23]
and Guercif[18].
The strong antibacterial and antifungal activity
of essential oils of Artemisia herba-alba seems
mainly due to its richness in ketones terpene (thujone, chrysanthenone, camphor). In fact, these are

known for their antimicrobial activity[14, 13, 35, 36, 37].
The rate in compounds terpenes in our essential oils
and their interactions would be responsible for the
significant inhibiting power against bacteria and fungi.
In general, the antimicrobial activity of essential oils of Artemisia herba alba can be explained
not only by the major compounds but also by the
synergy between all the volatile constituents even
the minor ones. In fact, according to several studies[20, 27, 43, 10, 47, 45] have reported that the reactions of
synergy between the different compounds can be the
origin of an activity much more than the predictable
activity of the major compounds.
CONCLUSION
The results obtained in this work allow us to
conclude that the yield, the chemical composition
and antimicrobial activity of essential oils of Artemisia herba alba, collected in the regions of the
east of Morocco, vary according to the harvesting
regions.
Comparing the performance in essential oil of
Artemisia herba alba of the five provenances studied, we found that the Oued Asla has provided the
best performance with 2.03% compared to other
provenances. The chromatographic and spectrometric analyzes have revealed the existence of two
chemotypes one at -thujone for the provenances of
the reserve Aswiwinia, Hassi Alabyad and Oued
Alkharoub and the other to chrysanthenone for the
samples collected at Oued Ait Makhlouf and Oued
Asla provenances.
The bioassay data have shown that the essential
oils of the eastern regions are effective against the
bacteria, molds and wood rot fungi. These fungus
were more vulnerable to the essential oils of the
Artemisia herba alba from the east of Morocco. This
set of data can be taken into account in any investigation on the possibilities for the exploitation of this
essence in the areas of food industry, perfumery, pharmaceutical fields and wood preservation.
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