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The chemical composition of essential oils isolated from the leaves by steam-distillation of Algerian
Juniperus phoenicea L. and Cupressus sempervirens L. were analyzed by GC-MS. The oils were
predominantly composed of monoterpene hydrocarbons (72.9 and 75.7%), with a-pinene as major
constituent (34.5 and 60.5%). B-phellandrene (22.4%) and a-Terpinyl acetate (14.7%) were the second
most important constituents of the J. phoenicea oil. While cedrol (8.3%) was found to be the second
most important constituent in the oil of C. sempervirens. The antimicrobial activity of the essential oils
was evaluated against five bacteria (3 Gram-positive and 2 Gram-negative), and 3 fungi. Results showed
that the oils exhibited moderate antibacterial and antifungal activities.
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INTRODUCTION

In the last years, scientists have focused on increasing
human infections caused by pathogen bacteria and fungi.
Microorganisms have unfavourable effects on the quality
and safety of life. Synthetic chemicals are widely used
against these microorganisms; unfortunately they
develop resistance to many antibiotics due to the indiscri-
minate use of commercial antibiotics (Service, 1995;
Mukherjee et al., 2002). In addition, these antibiotics
sometimes cause allergic reaction and immunity suppres-
sion. Currently, people heal a lot and although in many
cases they are turning to synthetic drugs, but a vast
majority is turning to natural products. Therefore the use
of essential oils is less damaging to the human health
(Isman, 2000; Misra and Pavlovstathis, 1997) because
they are generally few toxic and they do not have side
effects. On the other hand, the food industry at present
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is facing a tremendous pressure from consumers for
using chemical preservatives to prevent the growth of
food borne and spoiling microbes. To reduce or eliminate
chemically synthesized additives from foods is a current
demand worldwide. A new approach to prevent the
proliferation of microorganisms is the use of essential oils
as preservatives. Essential oils of plants are of growing
interest both in the industry and scientific research
because of their antibacterial and antifungal properties
and make them useful in many applications, including
raw and processed food preservation, pharmaceuticals,
alternative medicine and natural therapies (Reynolds,
1996; Lis-Balchin and Deans, 1997).

The species Juniperus phoenicea is considered as an
important medicinal plant largely used in traditional
medicine. lts leaves are used in the form of decoction to
treat diarrhea, rheumatism (Bellakhder, 1997) and
diabetes (Bellakhder, 1997; Allali et al., 2008). The
mixture of leaves and berries of this plant is used as an
oral hypoglycaemic agent (Amer et al., 1994), whereas
the leaves are used against bronco-pulmonary disease
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and as a diuretic (Bellakhder, 1997). Cupressus
sempervirens L. has been traditionally used for the
treatment of colds, flu, evils throat and rheumatism
(Larousse, 2001). The brunches of this plant are used as
antiseptics and antispasmodics (Bellakhder, 1997).

The geographic area of Cupressus genus is limited to
the northern hemisphere and many species have been
studied (Zavarin et al., 1971; Pierre-Leandri et al., 2003).
To the best of our knowledge, there are many papers
report on the chemical composition of essential oils of J.
phoenicea and C. sempervirens grown in north
Mediterranean basin (Chanegriha et al., 1993, 1997;
Rezzi et al., 2001; Tapondjou et al., 2005). In the
southern part of this later, few studies have investigated
their antimicrobial activities (Stassi et al., 1996; Angioni et
al., 2003; Derwich et al., 2010).

The aim of this study was to identify the chemical
composition of the oils of J. phoenicea and C.
sempervirens and to compare the antimicrobial activity of
them, in an attempt to contribute to the use of these as
alternative products for microbial control and food
preservation.

MATERIALS AND METHODS
Collection of plant materials
Collection information for the studied plant species is given below:

J. phoenicea: Sidi Safi-Tlemcen (Algeria), 21-11-2007
C. sempervirens: Maghnia-Tlemcen (Algeria), 13-11-2007

The botanical identification was achieved by Dr. Noury Benabadiji,
“Laboratoire d’Ecologie et Gestion des Ecosystémes”, Abou Bekr
Belkaid University, Tlemcen (Algeria). Voucher specimens of the
plants were deposited in the Herbarium of this laboratory.

Isolation of the essential oils

The dried plant samples (leaves) were subjected to steam-
distillation for 3 hours. Samples oils were dried over anhydrous
sodium sulphate and stored at low temperature before analysis and
bioassay.

Gas chromatography-mass spectrometry

GC-MS analyses were carried out using a Hewlett-Packard
5890/5971A system fitted with a HP1 column (50 m x 0.20 mm
fused silica capillary column; film thickness, 0.5 pm). GC oven initial
temperature was 60°C and was programmed to 220°C at a rate of
2°C/min and 220°C during 120 min under the following operation
conditions: vector gas, He; injector and detector temperatures,
250°C; injected volume: 0.2 pl, with a ratio split of 1/100. Retention
indices were determined with C; - Cy alkane standards as
reference. The mass spectra were performed at 70 eV of the mass
range of 35 - 400 amu. Identification of the constituents was based
on comparison of the retention times with those of authentic
samples and on computer matching against commercial (Wiley,
MassFinder 2.1 Library, NIST98) and home-made libraries and MS
literature data (McLafferty and Stauffer, 1989; Adams, 1995;
Joulain and Kénig, 1998; Joulain et al., 2001) and confirmed by

comparison of retention indices with published index data (ESO,
2000).

Antimicrobial activity
Microbial strains

The essential oils of J. phoenicea and C. sempervirens were
individually tested against a panel of microorganisms. Five bacteria
(reference strains) including 3 Gram-positive (Staphylococcus
aureus ATCC 25923, Enterococcus feacalis ATCC 29212, Bacillus
cereus ATCC 11778) and 2 Gram-negative (Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853), and 3 fungi
(Aspergillus flavus, Fusarium oxysporum and Rhizopus stolonifer)
were used. The bacterial strains were supplied by Institute Pasteur,
Algiers. The fungal strains were obtained from the Microbiology
laboratory in Biology, Science Faculty of the Tlemcen University
Algeria.

Antibacterial screening
Disc diffusion method

The disc diffusion method was employed for the determination of
antibacterial activities of the essential oils in question (Lesueur et
al., 2007). Paper discs (6 mm diameter; Sanofi Diagnostic Pasteur)
were impregnated with 15 pl of the oil dissolved in DMSO (final
concentration of 10% (v/v)) and transferred onto the Mueller-Hinton
agar present in Petri dishes, which had been surface spread with
0.1 ml of bacterial suspension adjusted to 10’ CFU/ml for S. aureus
and 10° CFU/ml for the others strains (Joffin and Leyral, 2001;
Pessini et al., 2003; Careaga et al., 2003). The DMSO solvent was
used as the negative control. Standard antibiotics amoxicillin-
clavulanic acid (30 pg/disk), tetracycline (30 pg/disk), trimethoprim-
sulphamethoxazol (25 pg/disk) and cephalexin (30 pg/disk) were
used as positive controls. After incubation at 37 + 1°C during 24 h,
the diameters of inhibition zones were measured in millimeters.
Tests were carried out in triplicate.

Determination of minimum inhibitory concentration (MIC)

The minimal inhibition concentration (MIC) values were determined
for the bacterial strains to the essential oils of J. phoenicea and C.
sempervirens. A 100 pl of the inoculum, initially adjusted to the
density cited above, was spread onto 20 ml Mueller-Hinton agar
supplemented with the oil at concentrations ranging from 2 - 10
pl/ml in Petri dishes, with each one its equivalent in DMSO. These
serially cultures were then incubated at 37 £ 1°C for 24 h. The MIC
is defined as the lowest concentration at which the microorganism
does not demonstrate visible growth. As control, DMSO was used.
Tests were carried out in triplicate.

Antifungal screening

Antifungal activities of the essential oils were investigated by using
a direct contact assay (Fandohan et al., 2004). Briefly, Five
hundred microliters of the oil were mixed with 20 ml of the PDA
(Potato dextrose agar) and were then put in the Petri dish (final
concentration is 25 pl/ml). A disc (6 mm in diameter) of the fungal
species was cut from (2 - 5)-days-old cultures on PDA plates and
then the mycelia surface of the disc was placed upside down on the
centre of a dish with fungal species in contact with growth medium
on the dish. Then, the plates were incubated at 25 + 2°C. PDA
plates, without essential oils, were used as negative control. In



addition, PDA plates treated with amphotericin B (200 pg/ml) were
used as positive control. The diameters of growth of the hyphae
were measured after 48 h and 7 days, respectively, for Rhizopus
stolonifer and for the others strains. All the experiments were
replicated three times.

The percentage of growth inhibition by treatment (T) was
calculated using the following of Ebbot (Motiejlnaité and Peiculyte,
2004):

_D°><100

K

Where: D« and Dy are the average of three replicates of hyphal
extension (mm) of controls and of plates treated with essential oils.

RESULTS AND DISCUSSION
Chemical composition of the essential oils

The essential oils were obtained by steam-distillation
from the leaves of J. phoenicea and C. sempervirens with
yields (relative to dry weight material) of 0.52% (w/w) and
0,26% (w/w), respectively. Barrero et al. (2006), Achak et
al. (2009) and Derwich et al. (2010) obtain a yield of 0.70,
0.94 and 1.62% (w/w) of Moroccan J. phoenicea leaves.
Algerian C. sempervirens had a yield at least three times
inferior than the Cameroonian (1%) (w/w) (Tapondjou et
al., 2005).

The results are obtained by GC-MS analyses of the
essential oils from J. phoenicea and C. sempervirens
(Table 1). This table showed that 36 (96.9%) and 35
compounds (91.6%) were identified, respectively;
compared to Moroccan and Tunisian oils, they present 45
(72%) and 31 (99%) compounds identified (Achak et al.,
2008). The oils were predominantly composed of
monoterpene hydrocarbons (72.9 - 75.7%), with a-pinene
as major constituent (34.5 - 60.5%). B-phellandrene
(22.4%) and a-Terpinyl acetate (14.7%) were the second
most important constituents of the J. phoenicea oil. While
cedrol (8.3%) was found to be the second most important
constituent of the C. sempervirens oil.

A similar result was obtained by Barrero et al. (2006)
and Achak et al. (2008 and 2009) in their study of
Moroccan J. phoenicea. They find that the largest group
of constituents in the essential oil is the monoterpenes
(71.1%) with a-pinene (45.5%) and 38.2 - 58% for Achak
et al. (2009) as the major compound, but in Moroccan
leaves essential oil, 8-3-carene is the second most
important constituent (Barero et al., 2006; Achak et al.,
2008, 2009), with 13.0% (Barero et al., 2006) and 7.6%
(Achak et al., 2009), which in the Algerian leaves oil did
not exceed 4.7%. Also our results are in agreement with
those of Rezzi et al. (2001) and Cavaleiro et al. (2001)
when a-pinene, B-phellandrene and a-Terpinyl acetate
are the main constituents of leaves essential oil obtained
from Corsican and Portuguese J. phoenicea.

In the case of C. sempervirens, a similar result was
found by Tognolini et al. (2006), when a-pinene is the
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major component of leaves essential oil, but it is
presented in lower content (26.4%) compared with our
study (60.5%). While, a-pinene is the second and the
third major component, respectively, in the previous
researches (Sacchetti et al., 2005; Tapondjou et al.,
2005).

Antibacterial activity of the essential oils

The antibacterial activity of the essential oils was
evaluated against five microorganisms, using disc
diffusion and MIC methods. The disc diameters of zone
of inhibition (DD), minimum inhibitory concentrations
(MIC) of essential oils for the microorganisms tested
(Table 2).

Results showed that the oils inhibited the growth of
bacterial strains produced a zone diameter of inhibition
from 6.8 - 15.6 mm, depended on susceptibility of the
tested bacteria. However, the inhibition zones were lower
than those of antibiotics, which showed wide inhibition
zones at very low concentrations. As it can be seen in
Table 2, Enterococcus feacalis was the most sensitive
microorganism with the highest inhibition zone (15.6 mm)
and lowest MIC value (7ul/ml) to the essential oil of J.
phoenicea, whereas the oil of C. sempervirens was not
active against this bacterial strain. On the other hand, it is
seen from Table 2 that Pseudomonas aeruginosa was
resistant at these essential oils.

Antifungal activity of the essential oils

The essential oils isolated from the leaves of J.
phoenicea and C. sempervirens were tested for
antifungal activity against three fungal strains and their
fungistatic effects were compared with the commercial
antifungal amphotericin B. The percentages of growth
inhibition (Table 3).

The results of antifungal activity assays showed that
the oils moderately reduced the growth of Aspergillus
flavus and Fusarium oxysporum (Table 3). However, the
oils were significantly not active against Rhizopus
stolonifer. Inhibitory effects of the oils on the growth of
fungal strains were lower compared to amphotericin B.
As seen from Table 3, the oils exhibited similar inhibition
effects on the growth of tested fungi, which might be
attributed to their similar compositions.

The antimicrobial activity of the essential oils of J.
phoenicea and C. sempervirens could, in part, be
associated with theirs major constituents such as o-
pinene, B-phellandrene, a-Terpinyl acetate and cedrol.
These components have been reported to display
antimicrobial effects (Cosentino et al., 1999; Alessandra
et al., 2005; Yang et al., 2007; Demirci et al., 2007). The
essential oils containing terpenes are also reported to
possess antimicrobial activity (Dorman and Deans,
2000), which are consistent with our present study. In
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Table 1. Chemical composition of J. phoenicea and C. sempervirens essential oils.

a (%)

Compound Rl J. phoenicea C. sempervirens
Tricyclene 921 0.2 0.5
a-Thujene 925 0.1 0.4
a-Pinene 937 345 60.5
Camphene 948 0.5 0.5
Sabinene 971 0.7 1.3
B-Pinene 976 1.8 29
Myrcene 990 5.9 3.9
a-Phellandrene 999 0.6 -
0-3-carene 1007 4.7 0.2
a-Terpinene 1016 0.2 0.2
p-Cymene 1023 - 0.2
Limonene 1025 1.2 4.6
B-Phellandrene 1034 22.4 -
y-Terpinene 1057 0.1 0.5
Terpinolene 1085 1.9 2
Linalol 1099 0.1 tr
Pinocarveol 1140 - tr
Borneol 1152 0.2 tr
a-Terpineol 1172 0.1 tr
Citronellol 1227 1.2 -
Thymol methyl ether 1228 - 0.2
Linalyl acetate 1248 0.3 tr
Bornyl acetate 1283 0.5 0.3
Carvacrol 1290 - tr
Thymol 1298 - tr
a-Terpinyl acetate 1349 14.7 -
B-Bourbonene 1381 tr -
B-Elemene 1386 0.2 -
B-Caryophyllene 1417 1 0.3
y-Elemene 1426 0.2 tr
a-Humulene 1452 0.4 0.3
Allo-aromadendrene 1459 - 0.5
y-Muurolene 1472 0.1 0.2
Germacrene D 1478 1.5 2.3
B-Selinene 1486 tr -
a-Muurolene 1496 0.2 0.2
y-Cadinene 1510 0.1 0.1
0-Cadinene 1516 0.5 0.6
Elemol 1546 0.4 -
Caryophyllene Oxide 1580 - 0.1
Cedrol 1607 - 8.3
B-Eudesmol 1630 tr 0.2
a-Eudesmol 1653 0.2 0.3
Manoyl Oxide 1988 0.2 -
Total identified (%) 96.9 91.6

@ Compounds are listed in order of their elution from an HP1 column using the homologous series of n-alkanes.

®Trace (< 0.1%).
“Not detected.
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Table 2. Antibacterial activities of the essential oils of J. phoenicea and C. sempervirens.

J. phoenicea  C. sempervirens Standards antibiotics

Bacterial strains Negative control

DD MIC DD MIC SXT* cL®> TE° AMC?
Staphylococcus aureus ATCC 25923 10.3 - 10.3 - 17 28 16 15 6.0
Enterococcus feacalis ATCC 29212 15.6 7 9.0 - 20 30 22 16 6.0
Bacillus cereus ATCC 11778 7.0 - 7.6 - 06 06 20 06 6.0
Escherichia coli ATCC 25922 9.6 - 9.3 - 17 40 42 07 6.0
Pseudomonas aeruginosa ATCC 27853 6.8 - 7.0 - 06 06 06 06 6.0

DD: diameter of inhibition zone (mm) including disc diameter of 6 mm, -: not active.
MIC: minimal inhibitory concentration (pl/ml).

4 SXT: trimethoprim-sulphamethoxazol (25 pg/disk)

®CL: cephalexin (30 pg/disk)

°TE: tetracyclin (30 ug/disk)

4 AMC: amoxicillin-clavulanic acid (30 pg/disk).

Table 3. Antifungal activities of the essential oils of J. phoenicea and C. sempervirens.

. J. phoenicea C. sempervirens AMP B?* Negative control
Fungal strains
G | G | | G
Aspergillus flavus 35 40.6 36 39.0 88.0 59
Fusarium oxysporum 37 47 1 31 55.7 88.1 70
Rhizopus stolonifer 80 0.0 80 0.0 68.0 80

G: Growth [Colony diameter (mm)].
I: Inhibition [The percentage of growth inhibition (%)].
4 AMP B: Amphotericin B (200ug/ml).
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