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Allium sativum(AS) is a native plant in Iran, which the plant has been used as an antioxidant,
antiparasitic, antifungal, antiviral, and antiflammatory agent in Iran. Based on knowledge of authors,
in comparison to many other pharmaceutical-industrial plants, there is a very little data about
antibacterial activities of AS essential oil collected from Kermanshah province, west of Iran. Hence,
the aim of the current study was evaluation of antibacterial effects of the essential oil on common
pathogen (Pseudomonas aeruginosa (PA) (PTCC No. 1707)) in west of Iran (In Kermanshah).The
antibacterial activities of AS essential oil were evaluated by macro-dilution method in MuellerHinton broth medium, agar disk and agar well diffusion methods. The results revealed that by
increasing the concentration of the essential oil, the inhibition zone augmented. Also, the essential
oil of AS have excluded the growth of PA and destroyed it. The results defined that in tested
bacterium, there was a considerable discrepancy in terms of sensitivity to AS essential oil. Our
finding indicate the fact that the essential oil of AS can be useful as medicinal or preservatives
composition. Additional in vivo studies and clinical trials would be needed to justify.
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INTRODUCTION
A disease is a specific maladaptive condition, which affects
part or all of an organism. Infection is the incursion of an
organism's body tissues by disease-causing agents such as
virus, bacterium, and fungus. Infections disease due to bacterial
species also stay a serious clinical difficulty. Antibiotics
provide the primary basis for the treatment of bacterial
infections. But overuse of antibiotics has become the main
factor for the emergence and dissemination of multi-drug
resistant strains of several groups of microorganisms (Nychas,
1995). Kanamycin is an aminoglycoside bactericidal antibiotic
that used to treat a wide range of infections. Kanamycin is
mainly efficacious against Gram-negative aerobic bacteria.
Crucial side effects of Kanamycin include tinnitus, toxicity to
kidneys, and allergic reactions to the drug (Garrod et al,. 1981).

Plants are invaluable resources useful in daily life as food
additives, pharmaceuticals, or directly in medicine. The uses of
plants in treatment of animal and human diseases have long
been established. Plants have been screened for their potential
uses as other remedies for the treatment of several infectious
diseases (Beaglehole et al., 2004). These plants contain
medicinal properties which make them potent to treat or
prevent infectious diseases (Sofowora, 1982). Most plant
extracts have been shown to possess antimicrobial agents active
on bacteria in vitro. Some medicinal plants used in traditional
Iranian medicine are efficient in treating different diseases
caused by bacterial and oxidative stress (Chan et al., 2008). An
essential oil is a concentrated hydrophobic liquid containing
volatile aroma compounds from plants. Essential oils could be
extracted from various parts like leaves, stems, flowers, and
roots. In recent years, interest in essential oils has been
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incremented for pharmacological studies which claim that the
essential oil have useful effect for the control and inhibition of
human and food-borne microorganism’s growth (Alizadeh,
2013; Sepahvand et al., 2014; Topçu et al., 2013). Interest in
essential oil of plants with antibacterial activities has revived as
a result of current problems associated with the use of
antibiotics (Elliot et al., 1986). Essential oils are effectual on a
wide variety of Gram-negative and positive bacteria (Burt,
2004; Burt et al., 2005).
AS, commonly known as garlic, is a species in the Allium
genus and Amaryllidaceae family. It is an annual grassy herb
with 25-70 cm high which grows in the Asia, China, North
Africa, Europe and America (PDR, 2000). AS is an endemic
and resistance species in mountainous regions of Western Iran.
AS is one of the edible plants which have generated a lot of
interest throughout human history as a medicinal panacea. It
contains many substances which studies have shown to act
together to prevent several maladies such as fungal, viral, and
parasiticdiseases (Cavallito et al., 1945; Ross et al., 2000). AS
contains some sulphur-containing compounds such as allicin,
ajoene, diallylsulphide, dithin, allyl methyl sulfide,
Sallylcysteine, diallyl disulfide, diallyltrisulfideenzymes as
well as some non sulphur-containing compounds including,
proteins, minerals, saponins and flavonoids (Lanzotti et al.,
2012; Azimiet al., 2011).
The aim of the current study was evaluation antibacterial
activities of AS against PAin west of Iran (in Kermanshah).

MATERIAL AND METHODS

Essential oil extraction
Essential oil from fresh, clean, weighed aerial part AS
extracted by hydro-steam distillation using the Clevenger
apparatus were collected and stored in sterile vials. Briefly,
100 to 150 g of plant was introduced in the distillation flask
(1L), which was conjuncted to a steam generator via a glass
tube and to a condenser to retrieve the oil. This was recovered
in a funnel tube. Aromatic molecules of the essential oil was
liberated from the plant material and vaporized in to hot steam.
The hot steam forced the plant material to release the essential
oil without burning the plant material itself. Then, steam
containing the essential oil was passed through a cooling
system in order to compress the steam. The steam was applied
for 3h. After settling the recovered mixture, essential oil was
withdrawn. The supernatant essential oil was purged through
anhydrous Na2SO4 to dry the yielded essential oil. Then, the
essential oil was collected in tightened vials and stored in a
refrigerator. For the antimicrobial activity test, several dilutions
of the oil were done using dimethyl sulfoxide (DMSO).
Source of microorganisms
Bacterium specie namely PA (PTCC No. 1707) was procured
from Iranian Research Organization for Science and
Technology as lyophilized. Bacterium strain was activated on
Tryptic Soy broth, constant at 37°C for 18 h. Then 60 μl of the
broth was transferred to Nutrient agar and incubated at 37°C
for another 24 h; cell concentration was then adjusted to obtain
final concentration of 108cfu/ml using Muller
Hinton
2. Material and
Methods broth.
Culture media

Plant sample collection
In the empirical-experimental study, medicine plant collected
from Kermanshah. The sample was cleaned from any strange,
plants, dust, or any other contaminants.

Mueller-Hinton Agar (Müller-Hinton agar is a microbiological
growth medium that is commonly used for antibiotic
susceptibility testing) was prepared according to the
manufacturer’s instruction (Oxoid, UK), autoclaved and
dispensed at 20 ml per plate in 12 x 12cm Petri dishes.
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Figure 1 The diameters of growth inhibition zones in agar disk diffusion test in different dilutions of AS.
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Set plates were incubated overnight to ensure sterility before
use.

No inhibition zone was observed due DMSO. Growth
inhibition zones due to different dilutions are listed in figure 1.

Evaluation of antimicrobial activities

Agar well diffusion test

Agar disk and agar well diffusion were used as screen tests to
evaluate antibacterial properties of AS based on standard
protocol. The solution of the AS was yielded in 1g/ml from
which six fold serial dilutions (v/v) were prepared. 60 μl of
each dilution was poured on each disk and well in order. After
a period of 24 hours incubation, the diameters of growth
inhibition zones around the disks and wells were measured.
DMSO was used as negative control whereas kanamycin was
used as positive control in case of PA. Minimum inhibitory
concentration (MIC) means the lowest concentration of the
probable antimicrobial agent which prevents growing of
bacteria (regardless of killing the bacteria or stopping the
growth of them). The lowest dilution which no gross microbial
growth has been seen indicates MIC. Minimum bactericidal
concentration (MBC) means the lowest concentration of the
agent which causes death to test bacteria. The last can be
revealed by pouring 60 μl of MIC tube and six dilutions before
contents on agar plate. In this case, after incubation period, the
lowest concentration which makes no growth indicates MBC.
For determination of MIC value, macrobroth dilution method
was applied. Interpretation of the results was done due to
national accepted letter (CLSI, 2006).

In regard to AS, the widest zone was seen in 0.062 g/ml
concentration (The diameter of growth inhibition zone was 11
mm in this dilution). There was no inhibition zone in PA due to
0.002 and 0.003 g/ml concentrations. No inhibition zone was
observed due to DMSO. The data are discoverable in figure 2.
MIC and MBC determination
In the examined bacterium, MIC and MBC values were the
same and equal to 0.031 g/mlcnocentration.

DISCUSSION
The use of plant compounds to cure infections is an old
practice in a large part of the world. Interest in plants with
antimicrobial activities has revived as a result of common
problems associated with the use of antibiotics (Abu-shanab et
al., 2006). Also, because of their safety and low cost as well as
their impact on a wide variety of microbesin traditional
medicine uses plants. Medicinal plants may have the potency to
treat bacterial resistance to different types of antibiotics.
Different plants extract preparation methods have shown to
exhibit a wide variety of antibacterial effects against clinical
isolates of Gram negative and positive bacteria (Uchida et al.,
1975; Gonzalez-Fandos et al., 1994).The antibacterial effects
of essential oils extracted from a large number of plants have
been appraised and reviewed (Koutsaviti et al.,
2011;Stefanelloet al., 2011), and the mechanisms that enable
the natural ingredients of plants and spices to resist bacteria
have been discussed(Montanari et al., 2012). The results show
that these mechanisms vary greatly depending on the
components of the essential oil (Holley& Patel,
2005;Reichlinget al., 2009).AS is well known plant in Iran and
different parts of this plant have long been used in traditional
medicines of Iran. It is also used as a spice and food additive
(Singh et al., 2009; Eja et al., 2007).

Statistical Analysis
Antibacterial effects were determined by One way variance
analysis (ANOVA), using the SPSS 18 software package. Data
were considered statistically significant at p≤0.05.

RESULTS
Agar disk diffusion test
About AS, the widest zone was seen in 0.062 g/ml
concentration (The value of growth inhibition zone was 17 mm
in this dilution).
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Figure 2 The diameters of growth inhibition zones in agar well diffusion test in different dilutions of AS.
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It contains many substances which studies have shown to act
together to prevent different diseases such as fungal, viral, and
parasitic diseases. Sulphur-containing compounds of AS are
thought to be the major compounds responsible for the
antimicrobial effect of AS. The main compound that is offered
to be responsible for antibacterial activities of AS is volatile
allyl methyl sulfide as a lead compound of volatile AS
metabolites (Becker et al., 2012).
The results indicated that AS essential oil with 0.031 g/ml
concentration has prevented from the growth PA and has
destroyed it. In a Study showed that MIC of ethanolic extracts
of AS against PA was 67μg/ml (Karuppiah&Rajaram, 2012). In
other study tested antibacterial activities of essential oil of
ASonPA, their results yielded MICs vary between 16 μg/ml
and 64 μg/ml (Tsao& Yin, 2001). In another study indicated
that MICs of essential oil of ASwere against PA between 32
and 128 μg/ml concentrations (Khadri et al., 2010). Also, the
results demonstrated that the activities of essential oil of AS
were considerably dependent upon concentration. In fact, the
inhibition zone were seen in 0.062, 0.031, 0.015, and 0.007
g/ml concentrations in agar disk and agar well diffusion
methods. In a study indicated that low concentrations as low as
4 to 20 μg/ml of AS with agar disk diffusion method display a
powerful antibacterial activities against PA (Ataee et al., 2016).
In other study antibacterial activities of AS extract (5%, 10%,
20%, and 100%) against PA was shown. Also, in this study
demonstrated that the inhibition zones of 5%, 10% and 20%
concentrations were not significantly different from one
another (Karuppiah&Rajaram, 2012). In a study revealed that
samples of essential oil of AS showed no bacteriostatic or
fungistatic effects on PA (Packer&Luz, 2007). In another study
results reported the antibacterial effect of AS against PA in
67μg/ml with agar disk diffusion method (Zhou et al., 2014).
From the study it can be concluded that by increasing the
concentration of the essential oil, the inhibition zone increased.
Also, essential oil of AS have inhibited the growth of PA
(PTCC No. 1707) and eradicated it in 0.031 g/ml concentration.
The results indiated that in tested bacterium, there was a
considerable difference in terms of sensitivity to AS essential
oil. In other words, the most sensitivity was observed in agar
disk diffusion method. This study confirmed the antibacterial
effects in vitro towards PA of the essential oil of AS. It can be
used as antibacterial supplement in the developing countries
towards the development of new therapeutic agent. Also,
further assessment is incumbent on potential of the plant as an
antibacterial agent in topical or oral applications.
Acknowledgment
We, the authors wish to thank Medical Sciences University of
Kermanshah, Iran for the financial support of the work.
Authors’ Contribution
The core idea of this work came from Mohammad Mahdi
Zangeneh and Akram Zangeneh, also the experiments,
evaluation and Statistical Analysis of antimicrobial activities
done by Fariba Najafi, Mohammad Mahdi Zangeneh, Akram
Zangeneh, Mohammad Saeed Zarei, Mohammad Reza Khedri,
Erfan Bahrami, Masoud Shamohammadi.

References
Abu-shanab, B., Adwan, G., Jarrar, N., Abu-Hijleh, A.,
Adwan, K. (2006): Antibacterial activity of four plant
extracts used in Palestine in folkloric medicine against
mathicillin-resistant Staphylococcus aureus. Turk. J.
Boil.30:195-198.
Alizadeh, A. (2013): Essential oil constituents, antioxidant
and antimicrobial activities of Salvia virgataJacq from
Iran. J Essent Oil Bear Pl.16: 172-182.
Ataee, R.A., Araqizade, H., Yoosefi, R., MehrabiTavana, A.,
Ataee, M.H. (2016): Effect of Allium sativum Extract on
Erythromycin and Methicillin Resistant Bacteria Isolated
from Hospital Operating Room. J Med Bacteriol.5 (1,
2): 7-14.
Azimi, H., Fallah-Tafti, M., Karimi-Darmiyan, M.,
Abdollahi, M. (2011): A comprehensive review of
vaginitis phytotherapy. Pak J Biol Sci. 14:960-966.
Beaglehole, R., Irwin, A., Prentice, T. (2004): The World
health report 2004, changing history. Statistical Annex.
Deaths by cause, sex and mortality stratum in WHO
regions, estimates for 2002. WHO, Geneva, 120–122.
Becker, P.M., Wikselaar, P.G., Mul, M.F., Pol, A., Engel, B.,
Wijdenes, J.W., Peet-Schwering, C.M., Wisselink, H.J.,
Stockhofe-Zurwieden,
N.
(2012):
Actinobacilluspleuropneumoniae is impaired by the
garlic volatile allyl methyl sulfide (AMS) in vitro and
in-feed garlic alleviates pleuropneumonia in a pig
model. Vet Microbiol.154:316-324.
Burt, S. (2004): Essential oils: their antibacterial properties
and potential applications in foods-a review. Int J Food
Microbiol.94: 223-253.
Burt, S.A., Vlielander, R., Haagsman, H.P., Veldhuizen, E.J.
(2005): Increase in activity of essential oil components
carvacrol and thymol against Escherichia coli O157:H7
by addition of food stabilizers. J Food Protect. 68: 919926.
Cavallito, C.J., Bailey, J.H., Allicin, B.J. (1945): The
antibacterial principle of Allium sativum. III. Its
precursor and “essential oil” of garlic. J. Am. Chem.
Soc.67:1032-1033.
Chan, L.W., Cheah EL, Saw CL, Weng W, Heng PW.
(2008): Antimicrobial and antioxidant activities of
cortex Magnoliaeofficinalis and some other medicinal
plants commonly used in South-East Asia. Chin Med, 315.
Clinical and laboratory standards institute (CLSI), (2006):
M7-A7, 26 (2).
Eja, M.E., Asikong, B.E., Abriba, C., Arikpo, G.E., Anwan,
E.E., Enyi-Idoh, K.H. (2007): A comparative assessinent
of the antimicrobial effects of Garlic (Allium sativum)
and Antibiotics on diarrheagenic organisms. Southeast
Asian J Trop Med Public Health. 38:2.
Elliot, W.R., Jones, D. (1986): Melbourne: Lothian
Publishing Company Pty Ltd. The Encyclopaedia of
Australian plants. 4.
Garrod, L.P., Livingstone, C. (1981): Antibiotic and
Chemotherapy. 131.
Gonzalez-Fandos, F., Garcia-Lopez, Mi., Sierra, Mi., Otero,
A. (1994): Staphylococcal growth and enterotoxins (A-

14246 | P a g e

International Journal of Recent Scientific Research Vol. 7, Issue, 11, pp. 14243-14247, November, 2016
D) and thermonuclease synthesis in the presence of
dehydrated garlic. J ApplBacteriol.77: 549-552.
Holley, R.A., Patel, D. (2005): Improvement in shelflifeand
safety of perishable foods by plant essential oils and
smoke antimicrobials. Food Microbiol. 22:273-92.
Karuppiah, P., Rajaram,S. (2012): Antibacterial effect of
Allium sativum cloves and Zingiberofficinalerhizomes
against multiple-drug resistant clinical pathogens. Asian
Pac J Trop Biomed. 2(8): 597-601.
Khadri, S., Boutefnouchet, N., Dekhil,M. (2010):
Antibacterial activity evaluation of Aliumsativum
essential oil compared to different Pseudomonas
aeroginosa strains in eastern Algeria. Chemistry &
Chemical Engineering, Biotechnology, Food Industry.
11 (4): 421 – 428.
Koutsaviti, A., Milenković, M., Tzakou, O. (2011):
Antimicrobial activity of the essential oil of Greek
endemic Stachysspruneri and its main component,
isoabienol. Nat Prod Commun.6:277-80.
Lanzotti, V., Barile, E., Antignani, V., Bonanomi, G.,
Scala,F. (2012): Antifungal saponins from bulbs of
garlic, Allium sativum L. var. Voghiera. Phytochemistry.
78:126-134.
Montanari, R.M., Barbosa, L.C., Demuner, A.J., Silva, C.J.,
Andrade, N.J., Ismail, F.M., Barbosa, M.C. (2012):
Exposure to Anacardiaceae volatile oils and their
constituents induces lipid peroxidation within foodborne bacteria cells. Molecules.17:9728-40.
Nychas, G.J.E. (1995): Natural Antimicrobials from Plants.
In New Methods of Food Preservation; Gould, G.W.,
Ed.; Blackie Academic Professional: London, UK, 5889.
Packer, J.F., Luz, M.M.S. (2007): Método para avaliação e
pesquisa da atividadeantimicrobiana de produtos de
origem natural. RevistaBrasileira de Farmacognosia.
17(1):102-107.
PDR for Herbal Medicines. (2000): Montvale: Medical
Economics Company, Inc.

Reichling, J., Schnitzler, P., Suschke, U., Saller, R. (2009):
Essential oils of aromatic plants with antibacterial,
antifungal, antiviral, and cytotoxic properties-an
overview. 16(2):79-90.
Ross, Z.M., Maslin, D.J., Hill, D.J. (2000): The effect of
steam distilled garlic oil on lactic acid and other enteric
bacteria. 4th Symposium on European Microbiological
Societies. FEMS Microbiol. Rev.12: 137.
Sepahvand, R., Delfan, B.,Ghanbarzadeh, S., Rashidipour,
M., Gholam, G.M., Yadegari, J. (2014): Chemical
composition, antioxidant activity and antibacterial effect
of essential oil of the aerial parts of Salvia sclareoides.
Asian Pac J Trop Biomed. 7: 491-496.
Singh, T.U., Kumar, D., Tandan, S.K., Mishra, S.K. (2009):
Inhibitory effect of essential oils of Allium sativum and
Piper longum on spontaneous muscular activity of liver
fluke, Fasciolagigantica. ExpParasitol123:302-308.
Sofowora, A. (1982): Medicinal plants and traditional
medicine in Africa. Wiley, Nigeria, 33–34.
Stefanello, M.É., Pascoal, A.C., Salvador, M.J. (2011):
Essential oils from neotropicalMyrtaceae: chemical
diversity and biological properties. ChemBiodivers.8:7394.
Topçu, G., Öztürk, M., Kuşman, T., Demirkoze, A.A.B.,
Kolac, U., et al. (2013): Terpenoids, essential oil
composition, fatty acid profile, and biological activities
of Anatolian Salvia fruticosaMill. Turk J Chem. 37: 619632.
Tsao, S., Yin, M. (2001): In vitro antimicrobial activity of
four diallylsulphides occurring naturally in garlicand
Chinese leek oils. J. Med. Microbiol. 50: 646–649.
Uchida, Y., Takahashi, T., Sato, N. (1975): The
characteristics of the antibacterial activity of garlic. Jpn J
Antibiotics. 28: 638-642.
Zhou, M.Y., Wu, Z.J., Li, W.Q., Hu, X.P., Yan, R., Ou, S.Y.,
Zhou, H. (2014): A new dipeptide isolated from the bulb
of garlic. J Asian Nat Prod Res. 16: 323-6.

*******
How to cite this article:
Mohammad Mahdi Zangeneh et al.2016, Ethnomedicinal Plant: Antibacterial Effects of Essential Oil ofallium Sativumagainst
Pseudomonas Aeruginosa (PTCC NO. 1707) in West of Iran. Int J Recent Sci Res. 7(11), pp. 14243-14247.

14247 | P a g e

