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Abstract

The antibacterial and anticandidal properties of essential oils obtained from 7 plant species used in traditional medicine in Saudi
Arabia and other Middle East countries were evaluated for activity against test bacteria; Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa and Candida albicans using an agar dilution method. Our results showed that oils
from Azadirachta indica, Ziziphus spine, Matricaria chamomilla, Agrimonia eupatoria and Lupinus albus, even at the highest
concentration did not inhibit any of the tested organisms. The essential oil extracted from Juniperus communis and Lavandula
hybrida plants did not show any antibacterial activities. However, essential oil extracts from Juniperus communis and Lavandula
hybrida exhibited varying degrees of growth inhibition of Candida albicans. The minimum inhibitory concentrations were 2.0%(
v/v) of Juniper oil and 0.5% (v/v) for Lavender oil against Candida albicans. Our results suggest that the anticandidal properties
of Juniper and Lavender oils may be further investigated to explore the possibility of using them in the treatment of candidal
infections.
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aureus, Escherichia coli, and Pseudomonas aeruginosa
and exhibited rather good or weak activity against
Candida albicans and Staphylococcus aureus. (Angioni
et al. 2003)

Lavender (Lavandula hybrida, Lamiaceae), an
evergreen woody shrub can be useful for allergies,
anorexia, dizziness, sleeplessness (also in children), hay

Introduction
Essential oils have been shown to possess antibacterial,
antifungal, antiviral, insecticidal and antioxidant
properties (Burt 2004; Kordali et al 2005). Essential
oils are a rich source of biologically active compounds.
There has been an increased interest in the antimicrobial
properties of extracts from aromatic plants particularly

essential oils (Milhau et al. 1997). Essential oils and
extracts from aromatic plants have long been used for
a wide variety of medicinal and domestic purposes
(Brown 1995).

Juniper (Juniperus communis, Cupressaceae), a
small shrub or cypress-like tree has been prescribed to
ease allergic itch of the skin. These properties of the
juniper baths may depend on counter-irritant and anti-
inflammatory activities of the juniper oil (Khoyi 1519).
The essential oil and their major compounds were studied
and tested against Candida albicans, Staphylococcus
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fever, headaches, depression, trauma, anxiety, hysteria,
fear, nightmares, irritability, nervous tension and as an
insect repellent. Lavender oil has shown antibacterial
and antifungal activity; it was also found to be effective
to treat burns and insect bites (Cavanagh 2002)
Matricaria (Matricaria chamomilla, Compositae)
known as Camomile, Kkills the yeast fungi that cause
vaginal infections, as well as certain bacteria. Camomile
impairs the replication of polio virus (Ghannadi 2003).
Ziziphus (Ziziphus spinachristi, Rhamnaceae) or
Sedr is a tree. The oil of this plant has been used for
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washing the hair and body. Plant leaves are also used
in medicine as an antiseptic, antifungal and anti-
inflammatory agent and for healing skin diseases such
as atopic dermatitis (Amin 1991; Nafisy 1989). The
saponin fraction of the leaves has an antimicrobial
activity against Candida albicans (Michel 1993).

Azadirachta  (Azadirachta indica, = Meliaceae)
or Neem oil from flowers of Azadirachta indica has
antimicrobial activity to Bacillus subtilis (ATCC 6633),
Candida albican (ATCC 10231) and Microsporum
gypseum (Aromdee et al 2001). And has activity against
different species of dermatophytes. (Natarajan et al.
2002).

Lupines (Lupinus albus, Leguminosae) commonly
Silver Bush Lupine, in addition to its good nutritional
properties, has important functional characteristics
related to its hypocholesterolemic (Sirtori et al. 2004),
antioxidant (Tsaliki et al. 1999) and antimicrobial
properties (Lampart- Szczapa et al. 2003).

Agrimoia (Agrimoia eupatoria, Rosceae) commonly
known as agrimony have been used in traditional wool
fabric dyeing. It has numerous traditional medicinal uses;
as a vulnerary, as an astringent and as an antidiarrheal
agent (Copland 2003).

The present study was conducted to evaluate in vitro
antimicrobial activity of extracted oils of some medicinal
plants on the growth of common pathogens such as
Staphylococcus aureus, Bacillus subtilis, Escherichia
coli, Pseudomonas aeruginosa and Candida albicans.
It is hoped that the present report will contribute to the
existing state of knowledge about the antimicrobial and
anticandidal properties of some aromatic plants.

Materials and Methods

Aromatic Plants

Dry plants and whole seeds (Table 1) were purchased
from traditional and folk medicine stores. Samples were
identified by a planttaxonomist at the Botany Department,
College of Science, King Saud University, Riyadh,
Saudi Arabia. These were brought to the laboratory and
processed immediately for oil extraction.

Extraction of Essential Oils

We used steam distillation, the current and most popular
method for oil extraction wherein water is heated to
produce steam that carries the most volatile chemicals of
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the aromatic material with it. The steam is then chilled
in a condenser and the resulting distillate is collected.
Essential oils normally float on top of the Hydrosol (the
distilled water component) and can be separated there-
off. 250 grams of dry and cleaned roots, leaves, stem
and flower of the plants were placed into a pot, 500 ml
of sterilized distilled water was added and the contents
were boiled for 30 minutes. Plants seeds were processed
employing the same procedure. The mixture was allowed
to cool and then squeezed to obtain the extract then was
subjected to conventional steam distillation using the
Clavenger apparatus for 3-5 hours. The oil obtained was
kept refrigerated and protected from direct light.

Microorganisms

Antimicrobial activity tests were carried out against
Staphylococcus aureus (ATCC 25923), Bacillus subtilis
(ATCC 6633), Escherichia coli (ATCC 25922) and
Pseudomonas aeruginosa (ATCC 27853). These were
maintained on Blood Agar Plates (BAP). Candida
albicans (ATCC 10231) was maintained on Sabouraud’s
Dextrose Agar (SDA). All test organisms were obtained
from the American Type Culture Collection, Manassas,
Virginia, USA.

Antimicrobial assay

The antimicrobial screening protocol was carried out by
agar dilution method described by Mitscher et al, 1972
for the antimicrobial activity evaluation in higher plants’
extracts. Extracted oils from plants were evaluated at
a concentration of 1000 pl/ml in dimethyl sulfoxide
(DMSO) by diluting with 10 ml of molten blood agar
at 45-50°C. The agar and extracted oil were mixed
thoroughly and the mixture was poured into a Petri dish
on a levelled surface to obtain an even agar depth of 3
- 4 mm. Inocula for the screening assay were prepared
by growing overnight cultures of bacteria in Mueller-
Hinton broth. The cultures were diluted to 1:1000 in
broth to give 10* colony forming units (CFU) per pl of
the inoculum. Plates for the determination of anticandidal
activity of oil were prepared by dispensing 15 ml of
sterile Sabouraud’s dextrose agar (SDA) into 100 x 15
mm. sterile Petri dishes. The inocula were prepared by
addition of 1 ml of overnight Candida cultures to 9 ml
of Mueller-Hinton broth to yield 10* colony forming
units (CFU/ml) of the inoculum. Sterile cotton-tipped
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Table 1. Plant species.

Plant species Common name Plant parts Color of plant oils Origin
Agrimonia eupatoria Agrimony All parts (roots, stem, leaves and flower) Yellow Egypt-Cairo
Azadirachta indica Neem Seed Transparent Saudi Arabia-Riyadh
Juniperus communis Juniper Seed Yellow Saudi Arabia-Riyadh
Lavandula hybrida Lavender All parts (roots, stem, leaves and flower) Yellow Egypt-Cairo
Lupinus albus Silver Bush Lupine Seed Yellow Saudi Arabia-Riyadh
Matricaria chamomilla Camomile All parts (roots, stem, leaves and flower) Blue-violet Egypt-Cairo
Ziziphus spinachristi Sedr Leaves Yellow Saudi Arabia-Riyadh

applicators were used to streak the entire surface of
agar plates. Cylindrical plugs were removed from the
solidified agar plates, using sterile cork borer, to produce
wells having a diameter of approximately 11 mm. Then
100 pl of the volatile oil and/or extract was added to
each well. Dimethyl sulfoxide (DMSO) was used as a
negative control in all the experiments. Plates are then
incubated at 30 — 32 °C for 24 hours. Antimicrobial
activity was recorded as the width (in millimetres) of the
clear zone of inhibition surrounding the agar well. The
results were reported as positive (+) if there is inhibition
of growth and negative (-) if there is no inhibition of
growth. Triplicate sets of plates were prepared on each
occasion and experiments were repeated three times.
The mean of three readings was calculated and used in
the analysis. Minimum inhibitory concentrations (MICs)
were determined after 24 h for the bacteria and after
48 h for C. albicans. The MICs were determined as the
lowest concentration of oil inhibiting the visible growth
of each organism on the agar plate. The presence of one
or two colonies was disregarded.

Results

The results showed a better quantity of oil (1.25-
1.50 ml/500 grams) extracted from the roots, stems,
leaves, flowers and seeds from plants by water steam
distillation method. Extracted oils were tested against
Staphylococcus aureus, Bacillus subtilis, Escherichia
coli and Pseudomonas aeruginosa, showed no growth
inhibition. There was a considerable growth inhibition
towards Candida albicans. (Table 2).

Our results showed that 5 oils (Azadirachta indica,
Ziziphus spina, Maricaria chamomilla, Agrimonia
eupatoriaand Lupinus albus) at the highest concentration
did not exhibit antibacterial properties. The essential
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oils extracted from Juniperus communis and Lavandula
hybrida did not show any antibacterial activity. However,
oil extracted from Juniperus communis and Lavandula
hybrida exhibited varying degrees of growth inhibition
against Candida albicans. The minimum inhibitory
concentrations were 2.0 % ( v/v) of Juniper oil and 0.5%
(v/v) for Lavender oil against Candida albicans.

Discussion

In the present study, volatile oils from plants flowers,
leaves, stems, roots and seeds, extracted by hot water
steam distillation as well as organic solvent extraction
methods, showed no inhibitory activity to our selected
Gram positive and Gram negative bacteria (Table 2). This
is in contrast to several other studies that have reported
antibacterial activity of these essential oils. (Angioni
et al 2003, Burt 2004, Cavanagh 2002, Copland 2003,
Kordali 2005 and Milhau 1997). This may be either due
to the high volatibility of the oil, leading to the escape
or evaporation of its major antibacterial constituents
during boiling or the insufficient release of the oil during
extraction. Lemberkovics, etal (2003) has recently shown
that the composition of essential oils in aromatic plants
is greatly affected by the method of extraction, mainly
the distribution of monoterpenes, monoterpene-esters,
mono- and sesquiterpene compounds and azulenogene
sesquiterpene. Our results showed that essential oils
from plants had considerable anticandidal properties.
Our results confirm earlier report of Natarajan in 2002
and Kordali in 2005 that both essential oils and solvent
extracts from these plants have proven anticandidal
effects. These extracts were consistently found to be
effective on the growth of Candida albicans by inhibition
of conidial production.

From this study it can be concluded that many
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Table 2. Anti-bacterial and anti-candidal activities of plants volatile oil extracted by water steam distillation method.

Agrimony Neem Juniper Lavender Silver Lupine | Camomile Sidr
. All parts (roots, Seeds Seeds All parts Seeds All parts Leaves
Test Organism stem, leaves and (roots, stem, (roots, stem,
power) leaves and leaves and
power) power)
S. aureus ) ) Q) ) ) Q) )
ATCC 25923
B. subtilis (O] ) ) ) ) ) O]
ATCC 6633
E. coli ) ) ) ) ) ) )
ATCC 25922
P. aeruginosa (O] ) ) O] ) ) )
ATCC 27853
C. albicans ) ) ) ) ) ) )
ATCC 10231

essential oils possess antifungal activity. Plants oils have
the most potential antifungal properties. We believe that
the present investigation together with previous studies
provide support to the anticandidal properties of plants
oil. It can be used as antifungal supplement towards
the development of new therapeutic agents. Additional
in vivo studies and clinical trials would be needed to
justify and further evaluate the potential of this oil as an
antimicrobial agent in topical or oral applications.

Referenes

Amin, G. Popular Medicinal Plants of Iran. Ministry of
HealthPublications, Tehran , Iran 1991; ( 1) page 67.

Angioni A, Barra A, Russo M, Coroneo V, Dessi S, Cabras P.
Chemical composition ofthe essential oils of Juniperus from
ripe and unripe berries and leaves and their antimicrobial
activity. J. Agric. Food Chem. 2003; 51: 3073-78.

Brown, D. Encyclopaedia of Herbs and their Uses. Dorling
Kindersley London, 1995; ISBN 0-7513-020-31.Burt SA.
Essential oils: their antibacterial properties and potential
applications in foods: a review. Inter J Food Microbiol.
2004; 94:223-53.

Cavanagh HM, Wilkinson JM. Biological activities of lavender
essential oil. Phytother Res 2002; 16:301-8.

Copland A, Nahar L, Tomlinson CT, Hamilton V, Middleton M,
Kumarasamy Y, Sarker SD. Antibacterial and free radical
scavenging activity of the seeds of Agrimonia eupatoria.
Fitoterapia 2003; 74:133-5.

Khoyi YI. Jam al-Baghdadi (Baghdad’s Collection) (in

Arabic). Manuscript from the collection of the Institute of

248

Manuscripts in Baku, Iraq; copied in 1519.

Kordali S, Kotan R, Mavi A, Cakir A, Ala A, Yildirim A.
Determination of the chemical composition and antioxidant
activity of the essential oil of Artemisia dracunculus
and of the antifungal and antibacterial activities of
Turkish Artemisia absinthium, A. dracunculus, Artemisia
santonicum, and Artemisia spicigera essential oils. J Agric
Food Chem. 2005; 53: 9452-58.

Kwon YS, Choi WG, Kim W] et al. Antimicrobial constituents
of Foeniculum vulgare. Arch. Pharm. Res. 2002; 25: 154-
7.

Lampart-Szczapa E. Chemical composition and antibacterial
activities of lupin seeds. Nahrung/Food 2003; 47: 286-90.

Lemberkovics E, Kéry A, Kakasy E, Simai B. Effect of
extraction method on the composition of essential oils.
ISHS Acta Horticulturae 597: International Conference on
Medicinal and Aromati Plants 2003 (Part II).

Michel CG. A pharamacognostical study of Ziziphus spina-
christi growing in Egypt. Ph.D. Thesis, Faculty of
Pharmacy. 1993 University of Cairo, Egypt.

Milhau G, Valentin A, Benoit F et al. In vitro antimicrobial
activity of eight essential oils. J Essent Oil Res. 1997;
9:329-33.

Mitscher LA, Drake S, Gollapudi SR, Okwute SK. A modern
look at folkloric use of anti-infective agents. J Nat Prod.
1987; 50:1025-40.

Nafisy AT. A review of traditional medicine in Iran. Isfahan
University Publications, Isfaran, Iran 1993; page 133.

Natarajan V. Pushkala S, Karuppiah VP, Prasad PV. Anti-

dermatophytic activity of Azardirachta indica (neem) by in

Saudi Journal of Biological Sciences Vol 14 No (2) December, 2007



Antibacterial and Anticandidal Activity of Essential Oils

vitro study. Indian J Pathol Microbiol 2002; 45:311-3. in HepG2 cells. J. Nutr. 2004; 134: 18- 23.Tsaliki E,
Sirtori CR, Lovati MR, Manzoni C et al. Proteins of white Lagouri V, Doxastakis G. Evaluation of the antioxidant
lupin seed, a naturally isoflavone-poor legume, reduce activity of lupin seed flour and derivatives (Lupinus
cholesterolemia in rats and increase LDL receptor activity albus ssp. graeus). Food Chemistry 1999; 65: 71-5.

Saudi Journal of Biological Sciences Vol 14 No (2) December, 2007 249



Aplal) Ll oamal 5yl gy 511 8 1l almall 5 Lyl Slaal) il

A0 gl A ya)) ASLedl) 3
e A5 S

4 gl A jall ASLaall ¢ (aly 1) ¢ Analad ALY ¢ A il A0S ¢ il and

UAQAM

dadiiie il Culial dame (e Lo Jomniall 5 Ldall gyl 8 Tapail€D) 5 5l slial) Jaliill sy o
Al 288a eLal) e S o Jan Y1 a0 A Al Jsas A0 sl Dy jel) ASLadd) 8 ol dal) b
Staphylococcus Candida albicans s aureus, Bacillus, subtilis, Escherichia coli, Pseudomonas
DY) Cadadll 48 5k aeruginosa

Azadirachta indica, Ziziphus spine, 1 =G ¢ 5Y) e US e 3 ldall &g 3l paldiv o @) Gl
O Lﬁi e Lhawis Wl ) edas ol Matricaria chamomilla, Agrimonia eupatoria and Lupinus albus
Juniperus communis, S e S e S 3l paliiue (o 225 X L) 58 5 e e 3 il s Sl
C. Slo i blas Coelal pa ¢ 4,0 o) oY) e Ll Ualis gl el o) Lavandula, hybrida
LSy gl o2 o U Cy 31 7 0 50 g6 se Nl Y v e Jands 58 55 8 S Cua afbicans
NSl LY e b lie ) oda aladiud 48] (e Sl Al jall dlal

250 Saudi Journal of Biological Sciences Vol 14 No (2) December, 2007



