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Abstract Essential oils of the flowers and fruits of Achillea kotschyi Boiss. subsp. kotschyi (Asteraceae) growing
wild in Lebanon were, for the first time, screened for their antimicrobial inhibitory activity. The composition of the
essential oils was analyzed by GC and GC-MS; 37 compounds and 14 compounds representing 68.3%, and 95.5%
of total oils, were found in the essential oils of flowers and fruits, respectively.

Also, nerolidol 2 (14%), B-terpinene (13.6%), B-myrcene (9.2%), trans-p-farnesene (4.1%), a-bisabolol (3.2%), o-
farnesene (3.2%), a-phellandrene (3.2%), and piperitone (3.2%) were the major components found in the extracted
essential oil of flowers. Whereas, dominance of B-thujone (58.5%) followed by 1,8-cineole (8.3%), camphene
(7.3%), B-selinenol (5%), sabinene (3.7%), a-pinene (2.8 %) and a-selinene (2.8%) characterized the fresh fruits
essential oil.

The essential oils showed significant inhibitory antibacterial and antifungal activity mainly on Gram negative S.
enteritidis and both Gram positive S. aureus and E. faecalis as well as the fungus A. fumigatus. The results of the
study showed an interesting antimicrobial profile which could provide promising pharmaceutical and economical
benefits of the potential use of the plant essential oils.

Keywords Achillea kotschyi; essential oil; p-thujone; nerolidol 2; pB-terpinene; B-myrcene; 1,8-cineole;
antimicrobial.

Introduction

The genus Achillea (Asteraceae) represented by more than 140 perennial herbaceous species is widespread in
Southern Europe, Mediterranean and Middle East region. Commonly known as Yarrow, the genus was named after
Achilles of the Greek myth Iliad for his use of the plant for wound healing during the Trojan war [1]. Nine Achillea
species grow in Lebanon, four of which (i.e. A. falcata, A. kotschyi, A. fragrantissima; A. membranacea) are native
to East Mediterranean region [2-3].

Since antiquity, Achillea species are traditionally used in a wide range of medicinal indications. They are generally,
known as remedies for wound healing and as antimicrobial, antioxidant and anticancerous [4-8]. The species are
also shown to exhibit strong antimicrobial properties against some food-borne bacteria, fungi and yeast [9] and
insecticidal activities [10-11].

Studies on Achillea sp. revealed highly variegated patterns of chemical composition. The main compounds of
several species growing in Turkey were mostly 1,8-cineole, p-cymene, viridiflorol, nonacosane, a-bisabolol,
caryophyllene oxide, a-bisabolon oxide A, p-eudesmol, 15-hexadecanolide, camphor [12]. Whereas, camphor,
spathulenol, 1,8-cineole, salvial-4 (14)-en-1-one, eudesm-4-en-6-one, caryophyllene oxide and filifolone
characterized some species from Iran [13], while some oils showed 1,8-cineole, borneol, camphor [14], s-pinene,
1,8-cineole, E-caryophyllene, germacrene D, chamazulene [15], artemisia ketone, camphene, 1-methyl-2-(1-
methylethenyl), grandisol and fragranol [16-17], and 1,8-cineole, 4-terpineol, trans-carveol cis-ascaridole, p-
cymene, carvenone oxide and camphor as the main components [18].
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Achillea kotschyi Boiss. subsp. kotschyi, known by the local communities as “Hachichet El Jereh” or “Ghessoum” or
“Ekliyyet Kitschi”, is a native species that grows wild in Lebanon. The plant is most commonly used against
stomach complaints and for the treatment of wounds and diabetes. It has been listed as a Rare Vulnerable species in
1997 IUCN Red List of Threatened Plants [19] and even Critically Endangered in Bulgaria (e-
ecodb.bas.bg/rdb/en/vol1l/Achkotsc.html.).

Although A. kotschyi subsp. kotschyi is distributed in Turkey, Greece, Bulgaria and Lebanon, limited studies on
chemical constituents and bioactivity of the species have, to date, been reported. The main constituents of A.
kotschyi growing in Turkey were reported as 1,8-cineole (22.5%), caryophyllene oxide (10.1%), p-cymene (8.4%)
and hexadecanoic acid (7.7%) [20]. The antimicrobial activity of alcoholic extract of its flower heads was shown as
moderate in comparison to other species [21]. However, the species was recently indicated to have a very high
wound healing activity by stimulating collagen synthesis and fibroblast migration [4]. Investigations on the species
growing in other regions are considered necessary to further elucidate the properties and potential activities of the
plant. To our knowledge, no studies have been, to date, conducted on the plant growing wild in Lebanon. The
present study concerns the chemical composition and antimicrobial activity of the essential oil of this Lebanese
plant.

Material and Methods

Plant material

Aerial parts of the wild growing Achillea kotschyi were collected from Tannourine in the North of Lebanon in July
2014, at 1750 meters. The species identification was performed using the determination keys of the New Flora of
Lebanon and Syria [3]. A voucher specimen (RCED2015-260) was deposited at the herbarium of the Research
Center for Environment and Development, Beirut, Arab University, Lebanon.

Essential oil isolation

The essential oil of fresh parts (leaves, flowers and fruits) was hydrodistillled by Clevenger-type apparatus for three
hours (European Pharmacopeia, 2008). The oil was dried overnight using anhydrous sodium sulphate and then
stored in sterile sealed vials in the dark at 4°C until analysis time.

Bacterial and fungal strains

Certified bacterial and fungal strains (Medi Mark, Europe) were used in screening the antimicrobial potency of
A.kotschyi subsp. kotschyi essential oils. They were four pathogenic bacteria Enterococcus faecalis ATCC 29212
(Gram positive), Staphylococcus aureus ATCC 25923 (Gram positive), Escherichia coli ATCC 8739 (Gram
negative), Salmonella enteritidis ATCC 13076 (Gram negative), and 3 certified pathogenic fungi; Aspergillus
fumigatus ATCC 1022, Candida albicans ATCC 10231, Trichophyton mentagrophytes ATCC 9533.

GC and GC-MS analyses

GC and GC-MS analyses of the oils were performed by Agilent Technologies 7890 gas chromatography equipped
with a Flame lonization Detector (FID) and a HP- 5 MS 5% capillary column (30m x 0.25mm x 0.25um film
thickness). Mass spectra were recorded at 70 eV of electron energy and a mass range of 50-550 m/z. The carrier gas
was Helium at a flow of 0.8 ml/min. The initial column temperature was 60°C programmed to increase to 280°C at a
rate of 4°C/min. The split ration was 1:40. The injector temperature was set at 300°C. The purity of helium gas was
99.99%. A sample of 1 ml was injected manually in the split mode. Components identification was based on
retention indices and comparison with mass spectral data of authentic standards and computer matching with Wiley
229, NIST 107, NIST 21 libraries as well as by comparing the fragmentation patterns of the mass spectra with those
reported in the literature.

Antimicrobial activity by disc diffusion method

The antibacterial and antifungal activity of essential oil was carried out by disc diffusion method using 100ul of
suspension containing 10° CFU/mI of microorganisms was spread on Muller-Hinton agar medium (Merck). Sterile 6
mm diameter filter paper discs (Whatman No. 3) were impregnated with 10 pl of essential oil and were placed on
the agar. Standard reference discs of the antibiotics Norfloxacin (10 pg) and Nystatin (100 pg) were used as
standard antimicrobial positive controls. Each test was run in triplicate and the mean values +SD were considered. A
blank disc was used as a negative control. The bacterial cultures were incubated at 37°C for 24 hrs. Whereas
Candida albicans and Trichophyton mentagrophytes were incubated at 27°C for 48 hrs and 5 days, respectively.
The diameters of growth inhibition zones around discs were measured using a caliper.
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Determination of minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and
minimum fungicidal concentration by Agar Dilution Method

MICs were determined by agar dilution method approved by NCCLS (1997) [22]. A series of four concentrations of
oil (5, 10, 25 and 50 ul) with 0-5% (v/v) Tween-20 were added to one ml of microbial suspension containing
approximately 10° CFU/ml of each organism in Muller Hinton broth. Tween-20 (Sigma) was used to enhance the
solubility of essential oil in broth. 100 pl of each mixture was spread on Mueller Hinton agar plates. The plates
inoculated with bacteria were incubated at 37 °C for 24 hrs and those inoculated with Candida albicans and
Trichophyton mentagrophytes were incubated at 27°C for 48 hrs and 5 days respectively. MICs were determined as
the lowest concentration of oil inhibiting the visible growth of each microorganism on the agar plate and MBC or
MFC was taken as the concentration that completely kill the tested bacteria or fungal strains. The presence of one or
two colonies was not considered. All tests were performed in triplicates.

Results and Discussion

Composition of Essential Oil

The essential oil yield obtained of studied parts of A. kotschyi Boiss. subsp. kotschyi was 0.73% in flowers and
0.91% in fruits. No detectable amounts were observed in either the stems or leaves. The peculiar result of the leaves
is in contradiction with the general consensus that leaves are generally the plant parts that contain relatively
highamount of essential oil [23]. According to comprehensive data, essential oils of Achillea species are
significantly influenced by several biotic and abiotic and that major differences could be found between the
vegetative organs and the phenological phases before and after flower development [24].

The GC and GC-MS analyses of essential oils revealed the identification of 37compounds in the flowers essential
oilrepresenting 68.3% of total oil and 14compounds of the fruits essential oil representing 95.5% of total oil (Table
1). It is clearly noted that the composition pattern of the volatile oils totally varied between flowers and fruits and
displayed different proportions of monoterpene hydrocarbons (33.4% and 14.7%, respectively), oxygenated
monoterpenes (4.0% and 71.4%, respectively), sesquiterpene hydrocarbons (13.3% and 4.2%, respectively) and
oxygenated sesquiterpenes (17.6% and 5.2%, respectively). Nerolidol 2 (14%), B-terpinene (13.6%), B-myrcene
(9.2%), trans- B-farnesene (4.1%), piperitone (3.2%), a-farnesene (3.2%), a-bisabolol (3.2%), and a-phellandrene
(3.2%) were the main compounds. Whereas, remarkable dominance of -thujone (58.5%) followed by 1.8-cineole
(8.3%), camphene (7.3%), B-selinenol (5.0%), a-selinene (2.8%), a-pinene (2.8%) and several minor components
characterized the fruit oil. Similar characteristic qualitative and quantitative variations in the composition of the
essential oils distilled from different plant organs have also been recognized in several studies. Both compound
groups in the oils of flowers and fruits and sabinene being found in both (0.8% and 3.7%, respectively) were not
reported among the main compounds of A. kotschyi subsp. kotschyi of Turkey. In the study, the plant was
characterized by 1.8-cineole (22.5%), caryophyllene oxide (10.1%), p-cymene (8.4%), hexadecanoic acid (7.7%),
B-eudesmol (4.9%), viridiflorol (3.9%), camphor (2.8%), spathulenol (2.6%) and caryophylladienol Il (2.4%) as
being the main constituents which, with the exception to 1.8-cineole, were not recorded in the plant herein studied
[20]. It may be noteworthy to highlight the pronounced level of B-thujone (58.5%) and associated potential toxicity
of the fruit oil of the plant [25-26]. These findings strongly confirm the substantial variations in oil compositions of
the plant growing under different ecogeographical and environmental conditions.

Table 1: Chemical composition of the essential oils of A. kotschyi subsp. kotschyi growing wild in Lebanon.

Retention Compound Content %
Time Flowers Fruits
7.51 1R-a-Pinene 0.5 -
7.91 Camphene 0.1 -
8.62 Sabinene 0.8 -
8.86 Sabinene - 3.7
9.16 B-Myrcene 9.2 -
9.51 a-Phellandrene 3.2 -
9.88 6-3-Carene 04 -
10.11 a-Terpinene - 0.5
10.26 B-Terpinene 13.6 -
10.54 B-Trans-ocimene 1.8 -
10.88 B-Cis-ocimene 1.9 -
11.53 I-Terpinene - 0.4
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14.32 Neo-allo-ocimene 1.7 -
15.79 Camphene - 7.3
18.93 a-Pinene - 2.8
41.19 M-Menth-3(8)-ene 0.2 -
10.64 1,8-Cineole - 8.3
11.12 Piperitone 3.2 -
14.57 B -Thujone - 58.5
17.02 Terpinen-4-ol 0.1 -
17.18 Borneol L - 3.0
17.87 Terpinen-4-ol - 1.0
18.96 A-Phellandrene epoxide 0.1 -
24.99 Piperitone - 0.6
37.05 2-Dehydro-1,8-cineole 0.6 -
35.47 a-Cedrene 0.3 -
35.71 Caryophyllene 0.5 -

(+)-Epi- -
36.00 bicyclosesquiphellandrene 0.1
36.18 v-Elemene 0.1 -
36.39 y-Muurolene 0.1 -
36.45 d-Cadinene 0.1 -
36.97 Trans-B-Farnesene 4.1 -
37.16 y-Cadinene 0.4 -
37.24 Cadina-1(2),4-diene 0.6 -
37.32 Curcumene 0.3 -
37.44 Germacrene D 0.1 -
37.56 a-Selinene - 2.8
37.59 a-Bergamotene 14 -
37.83 o -Farnesene 3.2 -
38.09 Sesquiphellandrene 0.5 -
38.23 Trans-y-Bisabolene 0.6 -
38.74 Elemol - 0.2
39.06 Germacrene B 0.1 -
39.63 a-Patchoulene 0.4 -
40.00 B-Maaliene - 1.4
40.19 a-Longipinene 0.2 -
40.68 B-Bisabolene 0.2 -
38.74 Elemol - 0.2
38.87 Nerolidol 2 14.0 -
40.30 B-Selinenol - 5.0
40.53 a-Bisabolol 3.2 -
40.96 Farnesol 0.4 -

Monoterpene 334 14.7

Hydrocarbones '

Oxygenated 40 71.4

Monoterpenes '

Sesquiterpene 133 4.2

Hydrocarbones '

Oxygenated 176 5.2

Sesquiterpenes '

Total 68.3 95.5

Antimicrobial activities of A. kotschyi subsp. kotschyi

The antimicrobial activity of essential oil was evaluated by the disc diffusion method revealed variable levels of
susceptibility in the tested bacteria and fungi (Table 2). The Gram negative S. enteritidis was most sensitive (40.5
mm) and displayed higher susceptibility than that to the antibiotic Norfloxacine (10 pg) (31.7 mm). Moderate
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susceptibility was noted with each of Gram positive E. faecalis (10.3 mm) and S. aureus (11.2 mm), while the oil
with the tested concentrations failed to show any effect on the Gram negative E. coli. Among the three tested fungi,
only A. fumigates (16.2 mm) was susceptible to the oil at a compatible extent to that of the fungal antibiotic
Nystatin (100 pg) (12.2 mm). MIC values determined by mean of agar dilution method were 5 ul in S. enteritidis, 10
plin S. aureus and A. fumigatus, and 25 ul in E. faecalis.

Table 2: The mean £SD growth inhibition zone and MIC/MFC values of the essential oil of A. kotschyi subsp.
kotschyi growing wild in Lebanon.

Microorganisms A. kotschyi Norfloxacine Nystatin A. kotschyi
Types subsp. kotschyi 10 pg 100 pg subsp. kotschyi
Growth Inhibition Zone(mm) MIC (uh)

Gram Positive E. faecalis 10.3+0.62 25.2+14.2 - 25.0
Bacteria S. aureus 11.2+0.94 9.245.5 - 10.0
Gram E. coli R 29.3+16.4 - -
NegativeBacteria  S. enteritidis 40.5+23.4 31.7£19.4 - 5.0
Fungi A. fumigatus 16.16+8.9 - 12.16£6.7 10.0

T. mentagrophytes R - R -
Yeast C. albicans R - 9.0 -

Results obtained from disc diffusion method, followed by the measurements of MIC indicate that the gram negative
bacteria S. enteritidis and the fungus A. fumigatus were most sensitive to the essential oil among the tested
microorganisms, both of which exhibited higher susceptibility to the oil than to the tested antibiotics Norfloxacine
and Nystatin, respectively. However, the tested oils failed to show any activity against the Gram negative E. coli or
in either of T. mentagrophytes and C. albicans. These noted variations in the obtained antimicrobial response may
be explained by the structural differences of the cell envelopes, cellular enzymatic activities, and mode of action of
essential oil [27-33]. Due to their hydrophobicity, Achillea essential oils and their components are most likely to
exert their antimicrobial ability by the partition of the lipids of the bacterial and fungal cells membrane and
mitochondria, disturbing the cells structures and rendering them more permeable [34-35]. Furthermore, this
permeability is reported to vary between Gram positive and Gram negative bacteria depending on the reaction of
essential oil with protein layer found as mucopolysaccharides and peptidoglycans in bacterial cell envelopes. The
cell membrane of Gram positive bacteria contains more mucopolysaccharides, proteins and less phospholipids,
whereas, Gram negative have more phospholipids. Thus, the permeability and effect of antimicrobial agents is
expected to be more efficient on Gram positive bacteria [36]. However, our results are partially in contrast with
previously reports indicating that Gram positive are more susceptible to essential oils that Gram negative bacteria
[37-38]. These results of the antimicrobial assays indicated that the essential oil of our plant exhibited a higher
activity against Gram negative tested bacterial strains of S. enteritidis while the Gram positive strains of S. aureus
and E. faecalis displayed moderate activities.

Due to their potential pharmaceutical preparations, cosmetics and foods, numerous investigations on the effect of
Achillea species have indicated a wide range of antimicrobial activity which generally support the traditional use of
the plant as effective treatment in many diseases. In this study, the fact that growth inhibition of Achillea kotschyi
subsp. kotschyi oil was limited to only four out of the seven tested strains might indicate a narrow antimicrobial
spectrum.

The higher percentage of oxygenated monoterpenes (71.4% of fruit oil) and monoterpene hydrocarbons (33.4% of
flower oil) might explain the observed antimicrobial activity of the essential oil tested. This activity could also be
due to the possible synergic interaction with oxygenated sesquiterpenes and sesquiterpene hydrocarbones (17.6%
and 13.3%, respectively, of flower oil). Extensively studies on Achillea have demonstrated that its flavonoids [39-
41, and sesquiterpene lactones [41-43] possess antimicrobial properties. In particular, 1,8-cineole, camphor and
borneol have been found to have a pronounced antimicrobial activity [44-45] and a more specific association with
1,8-cineole was indicated in A. kotschyi [20]. However, the biocidal activity of 1,8-cineole, p-cymene and camphor
pure compounds have been reported as significantly weaker than the unfractionated essential oil of A. biebersteinii
suggesting that minor compounds may probably be the active principles responsible for certain bioactivities [11]. It
is also possible that minor compounds may act together in synergy to contribute to the bioactivity of the totality of
essential oils [46]. In addition, B-thujone as the dominant constituent of the fruit oil herein tested, A. multifida and
many essential oils rich in thujone (Salvia and Thuja species) possessing strong antimicrobial properties could
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contribute to the inhibitory effect against tested microorganisms [47-48]. Nevertheless, antagonism among
constituents should not be excluded when evaluating the oils bioactivities [24].

Conclusion

From the above discussion, it can be concluded that essential oil of A. kotschyi subsp. kotschyi of Lebanon varied in
its constituents; B-thujone, nerolidol 2, B-terpinene, B-myrcene, 1,8-cineole, camphene, followed by trans-f-
farnesene, a-bisabolol, sabinene and o-pinene. Oxygenated monoterpenes and monoterpenes hydrocarbons were
predominant to oxygenated sesquiterpenes and sesquiterpenes hydrocarbons. The observed in-vitro activity might
also be due to synergistic interaction between all components of the essential oil. Considering the increase
development of resistance of bacteria, fungi and yeast to antibiotics, the present investigation together with previous
studies provide support to the antibacterial properties of this plant oil. This study is the first report on essential oil
composition and antimicrobial activity of the Lebanese A. kostchyi subsp. kostchyi and calls for further
investigations to elucidate the effects of the oil and extracts on other biological activities. These findings confirmed
that the essential of the plant can be different in quantity and quality according to geographical and environmental
conditions and the period of plant growth. Thus, to obtain uniform contents we recommend that the plants from
Lebanon should be grown in cultural conditions as the next step. The present investigation of the essential oil of A.
kostchyi subsp. kostchyi support the traditional use of this plant in Lebanese folk medicine as antimicrobial for
wounds treatment and its potential as a good source for new therapeutic agents.
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