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Abstract: Essential oils are aromatic oily liquids obtained from plant materials. They can be obtained by
expression, fermentation or extraction but the method of steam distillation is most commonly used for
commercial production. Essential oils are complex mixture comprising many single compounds. Chemically they
are derived from terpenes and their oxygenated compounds. Each of these constituents contributes to the
beneficial or adverse effects against pathogenic bacteria. In the present study, four Essential oils (Punga oil -
Pongaemia pinnata, Sesame oil - Sesamum indicum, Santhanathi oil - Santhalum album and Mustard oil -
Brassica nigra) were collected and its antibacterial activity was investigated. Maximum inhibitory activity was
observed in Santhanathi oil when comparing with the other Essential oils which was studied in the present
research. The Santhanathi oil (Santhalum album) showed maximum inhibition zone which was recorded against
Bacillus cereus followed by Shigella flexneri, Staphylococcus aureus, Salmonella typhi, Klebsiella
pneumoniae and Escherichia coli. Minimum zone of inhibition was noticed in Acetobacter baumani. No zone
of inhibition was observed in DMSO blind control. Results of our study recommend the possibility of using
the different essential oils as natural antibacterial in foods or pharmaceutical industries. It can be concluded
that the plants investigation have opened up a new perspective in pharmaceutical research and they can be
used for the development of potential, novel antibacterial agents for the treatment of bacterial diseases. The
incorporation of this oil into the drug formulations is also recommended.

Key words: Essential Oils  Bacterial Pathogens  Antibacterial Activity and Well Diffusion Assay

INTRODUCTION Infectious diseases caused by infective

Nature is a source of medicinal agents and an represent a vital pathological state and one in every of the
impressive number of modern drugs have been isolated most causes of morbidity and mortality are included in the
from natural sources. The presence of various life list of the ten leading causes of death worldwide [3-5]. In
sustaining constituents in plants made scientists to the recent years, the emergence of resistant Gram negative
investigate these plants for possibility their uses in and Gram positive bacteria presents a serious challenge
treating certain infectious diseases. Traditional medicine for the antimicrobial medical aid and drastically narrows
has long been accepted as an alternative to western the treatment choices of human infections [6, 7]. So, there
medicinal practice in many  countries.  Traditional is an imperative ought to resolve newer, safer and more
medicine was once regarded as the sole source of effective natural or artificial antibacterial drug molecules
treatment, making it a focus in the search for solution to so as to fight the emergence of those newer resistant.
increasing drug  resistance   among   pathogenic Medicinal and aromatic plants have been used by
microorganisms. The World Health Organization (WHO) mankind since ancient time to treat various ailments.
has  reported  that over 80% of the world's population Medicinal plants are rich source of bioactive compounds
relies on traditional medicine which is largely plant based and have played an important role in drug discovery [8].
for their primary healthcare needs [1, 2]. Recently, there has been a growing interest in the

microorganisms like bacteria, fungi, viruses or parasites
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medicinal properties of essential oils which are been recognized that some essential oils have different
concentrated essences of the plant materials such as
fruits, buds, flowers, leaves, etc. Plant essential oils are
primarily secondary plant metabolites which have been
reported to possess various biological activities such as
antimicrobial,  anticancer,  anti–inflammatory, analgesic,
as well as antifungal activities, etc. [9, 10]. Over the years,
many pathogenic bacterial strains have developed high
antimicrobial resistance; this necessitates the discovery
of new effective antibiotic treatment. Essential oils are
considered as the important source of bioactive
compounds especially antibacterial agents, as they have
shown promising antimicrobial action against a wide
range of microorganisms [11].

Essential oils and volatile constituents  extracted
from Aromatic plants are frequently used in folk medicine
for prevention and treatment of different human diseases.
The urge to develop alternative treatment strategies
follows three different directions; being one of them the
treatment with natural antibacterial substances like
essential oils of various plants [12]. Plant essential oils
have  been  studied  for  their antimicrobial activity
against  microorganisms,   including  many  pathogens
[13, 14]. In vitro antibacterial, antifungal and miticide
activity of some essential oils have shown effective
results in the control of bee pests offering a natural
desirable alternative to antibiotics  and  other  synthetic
chemical  substances [15-17].

Essential oils are complex mixtures comprising many
single compounds. Each of these constituents contributes
to the beneficial or adverse effects of these oils.
Therefore, the intimate knowledge of essential oil
composition allows for a better and specially directed
application [18]. Many essential oils have been identified
as antimicrobial agents due to present of vast number of
bioactive chemicals. This activity of essential oils is
variable from one microbial strain to another due to the
nature of the microbial strains [19]. Essential oils and their
components are becoming increasingly popular as natural
antimicrobial agents to be used for a wide variety of
purpose, including food preservation, complementary
medicine and natural therapeutics. The potential use of
these essential oils as natural antimicrobial agents has
been less explored. Essential oils are used in the
pharmaceutical industry as active ingredients or
constituents of drugs, soaps and shampoos. Interest in
essential oils and other extracts of plants as sources of
natural products has increased during the best year a
major problem in antibiotics and chemotherapeutics which
leads to the insufficiency of antimicrobial treatment. It has

antimicrobial activities against individual strains of
microorganisms. Apart from the antimicrobial activity,
essential oils also have insecticidal, antiparasitic, antiviral
and antifungal activities [20].

One of the challenges in controlling infectious
diseases is antimicrobial drug resistance. Formation of
drug had multiple resistance in bacteria, against common
antibiotics, over the past several decades has emerged
many problems in the treatment of  bacterial  diseases.
This causes increasing attention to natural materials as
new source of antimicrobial substances [21, 22].  Plants
are  known as the cheapest and safer substitute sources
of antimicrobials [23, 24]. Since the first documented
scientific research about antimicrobial activity and
chemical composition of plant, in the second half of the
19  century, research have continued in this area andth

plants were investigated for better recognizing of their
properties, safety and efficiency [25, 26]. Nowadays, the
development of antibiotic resistance among
microorganisms is a public health concern and this drives
the search for new and more safely antimicrobial agents
[27-29]. The essential oils can constitute a powerful tool
to reduce the development and dissemination of different
microorganisms which resistant the antimicrobial agents.
The development of bacterial resistance to presently
available antibiotics has necessitated the search for new
antibacterial agents. Hence, the present study was carried
out to find out the antibacterial activity of essential oils
against the selected pathogenic bacteria.

MATERIALS AND METHODS

Collection of Essential Oils: Four different Essential oils
viz., (i) Punga oil – Pongaemia pinnata, (ii) Sesame oil -
Sesamum indicum, (iii) Santhanathi oil – Santhalum
album and (iv) Mustard oil – Brassica nigra which were
selected for the present study was collected from Siddha
Medicine Shop, Tirupattur, Vellore district, Tamil Nadu,
India.

Collection of Test Bacterial Cultures: Seven different
bacterial cultures of Gram positive and Gram negative
bacteria were procured from Microbial Type Culture
Collection (MTCC), Chandigarh, India. The collected Gram
positive bacteria are Staphylococcus aureus (MTCC -
6908) and Bacillus cereus (MTCC - 1306). The collected
Gram negative bacteria are Escherichia coli (MTCC -
1668), Klebsiella pneumoniae (MTCC - 3384), Shigella
flexneri (MTCC - 9543), Salmonella typhi (MTCC - 3231)
and Acetobacter baumani (MTCC - 2729).
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Maintenance of Bacterial Cultures: The bacterial clove, lavender, lemon, etc. Cinnamon, lavender and clove
cultures were sub-cultured and maintained on Nutrient and rosemary oils has showed antibacterial and antifungal
agar slants and stored in refrigerator at 4 °C. activity.

Bacterial Inoculum Preparation: Bacterial inoculum was highly potent antimicrobial agents in comparison to
prepared by inoculating a loopful of bacteria in 5 ml of antibiotics. These possess multiple antibacterial i.e.,
Nutrient broth and incubated at 37 °C for 12 hours until a antibacterial [34], antifungal [35] against viruses, bacteria
moderate turbidity was developed. The turbidity was and fungi [36]. Some essential oil such as calms, camphor,
matched with 0.5 Mc Farland standard and then used for cinnamon, geranium, lavender, lemon, lime, lemongrass
the determination of antibacterial activity. and vetiver are traditionally used by people in different

Determinationof Antibacterial Activity of Essential Oils: anti - diabetic and anti - inflammatory activity [37].
Mueller Hinton Agar plates were prepared and inoculated Antimicrobial potential of different essential oil was
with test bacterial isolates by spreading the bacterial screened against some pathogenic bacterial strains
inoculum on the surface of the media. Wells (6 mm in Klebsiella pneumoniae, Escherichia coli, Bacillus
diameter) were punched in the Mueller Hinton Agar. cereus, Staphylococcus aureus and Streptococcus
Essential  oils  with  different  concentrations (25  µl/ml, pneumoniae in various  antibacterial  bioassays  which
50 µl/ml and 75 µl/ml) were mixed with 1 ml of Dimethyl had  antimicrobial  susceptibility  of  each essential oil.
sulfoxide (DMSO) and added into the well. Well The  antimicrobial  activity  of  four  different  Essential
containing DMSO alone act as a Negative control. The oils viz., Punga oil - Pongaemia pinnata, Sesame oil -
plates were incubated at 37 °C for 24 hours. The Sesamum indicum, Santhanathi oil - Santhalum album
antibacterial activity was assessed by measuring the and Mustard oil – Brassica  nigra  were  evaluated
diameter of the zone of inhibition (in mm). against pathogenic bacteria (Staphylococcus aureus,

RESULTS AND DISCUSSION pneumoniae, Salmonella typhi, Shigella flexneri and

The essential oils  and  extracts  of  many plant The antibacterial activity of different concentrations
species  have  become popular in recent years and (25 µl, 50 µl and 75 µl) of  Mustard  oil (Brassica nigra)
attempts to characterize their moroentum in many was investigated against bacterial pathogens and the
pharmaceutical   foods   processing   applications  [30]. results were given in the Table - 1. Antibacterial activity
The essential oils of the plants have been  of  great was observed in all the three concentrations which
interest for their potential uses as after native  remedies studied and  the  maximum  inhibition  zone  was  noticed
for the treatment of many infections disease and at  75  µl  concentration  followed  by  50  µl  and  25 µl.
pharmaceutical alternative medicine and natural therapies. The Mustard oil ( Brassica  nigra)  showed  maximum
The development of bacterial resistance to presently zone of inhibition was recorded against Klebsiella
available antibiotics has the search for new antibacterial pneumoniae  (34  mm)  followed  by   Salmonella  typhi
agents [31]. (25 mm), Staphylococcus aureus (22 mm), Acetobacter

Essential oil has been traditionally used for treatment baumani (17  mm),  Shigella flexneri (16 mm) and Bacillus
of infections and disease all over the world for centuries cereus (15 mm).  Minimum  zone  of  inhibition  was
[32]. Today, the use of  essential  oil  is  a  growing  market noticed in Escherichia coli (14 mm). No zone of inhibition
and there are a considerable range of applications. In was observed in DMSO blind control.
recent years, there has been extensive research to explore Maurya et al. [38] determined the antimicrobial
and determine the antimicrobial activity of essential oils. activity of essential oils by an Agar diffusion method
Thymol, carvacrol, linaloot and eugenol are main against food borne pathogens and spoilage bacteria. The
constituents of some plant essential oils that have been essential oils could be used for the development of novel
shown plant essential oils that have been shown to have system for food preservation. Srinivasan et al. [39]
a wide spectrum of activity against microorganisms [33]. screened the selected essential oils against four Gram
Essential oils are aromatic oily liquids extracted from plant negative bacteria, Escherichia coli, Klebsiella
material. Essential oils are complex mixers comprising pneumoniae, Pseudomonas aeruginosa, Proteus vulgaris
many single compounds. Essential oils such as aniseed, and two Gram positive bacteria Bacillus subtilis and
calamus,  camphor, cedar   wood,    cinnamon,   citronella, Staphylococcus  aureus  at  four  different  concentrations

Scientifically, these essential oils have been proved

parts of the world. Besides, the cinnamon  oil  possess

Bacillus cereus, Escherichia coli, Klebsiella

Acetobacter baumani).
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Table 1: Antibacterial activity of Mustard oil (Brassica nigra) against
bacterial pathogens

Zone of Inhibition (mm in dm)
---------------------------------------------------

Mustard oil (Brassica nigra)
------------------------------------

S. No Bacteria DMSO 25 µl 50 µl 75 µl
1 Escherichia coli NZ 10 12 14
2 Staphylococcus aureus NZ 19 20 22
3 Klebsiella pneumoniae NZ 29 31 34
4 Bacillus cereus NZ 10 12 15
5 Salmonella typhi NZ 20 22 25
6  Shigella flexneri NZ 10 13 16
7 Acetobacter baumani NZ 11 13 17
NZ – No zone of inhibition

Table 2: Antibacterial activity of Punga oil - Pongaemia pinnata against
bacterial pathogens

Zone of Inhibition (mm in dm)
---------------------------------------------------

Punga oil - Pongaemia pinnata
------------------------------------

S. No Bacteria DMSO 25 µl 50 µl 75 µl
1 Escherichia coli NZ 12 15 17
2 Staphylococcus aureus NZ 12 14 16
3 Klebsiella pneumoniae NZ 14 18 20
4 Bacillus cereus NZ 10 13 15
5 Salmonella typhi NZ 21 25 31
6  Shigella flexneri NZ 15 18 21
7 Acetobacter baumani NZ 16 20 23
NZ – No zone of inhibition oil was also tested against Gram positive and negative

(1:1, 1:5, 1:10 and 1:20) using Disc diffusion method. The
MIC of the active essential oils were tested using two fold
Agar dilution method  at  concentrations  ranging  from
0.2 to 25 mg/m. Out of 21 essential oils tested, 19 oils
showed antibacterial activity against one or more strains
cinnamon, clove, geranium, lemon, lime, organe and
rosemary oils exhibited significant inhibitory effect.
Cinnamon oils showed promising inhibitory activity even
at low concentration, whereas aniseed, Eucalyptus and
camphor oil were least active against the tested bacteria.
In general, Bacillus subtilis was the most susceptible. On
the other hand, Klebsiella pneumoniae exhibited low
degree of sensitivity. Majority of the oils showed
antibacterial activity against the tested strains. However,
cinnamon, clove and lime oils were found to be inhibiting
both Gram positive and Gram negative bacteria cinnamon
oil can be a good source of antibacterial agents.

The antibacterial activity of different concentrations
(25 µl, 50 µl and 75 µl) of Punga oil (Pongaemia pinnata)
was tested against bacterial pathogens and the results
were recorded in the Table - 2. Antibacterial activity was
noticed in all the three concentrations which studied and

the maximum inhibition zone was noticed at 75 µl
concentration  followed  by  50  µl and 25 µl. The Punga
oil (Pongaemia pinnata) showed maximum zone of
inhibition was recorded against Salmonella typhi (31 mm)
followed by  Acetobacter   baumani  (23  mm),  Shigella
flexneri (21 mm), Klebsiella pneumoniae (20 mm),
Escherichia coli (17 mm)  and  Staphylococcus  aureus
(16 mm). Minimum zone of inhibition was noticed in
Bacillus cereus (15 mm). No zone of inhibition was seen
in DMSO blind control.

Jayasena and Jo [39] assessed the antimicrobial
activity of volatile oil of Syzygium anomaticum, Thymus
serphyllum, Lavandula angustifolia and Lavandula
intervnedia using the micro atmosphere method an essay
was also performed to determine how different exposure
time to essential oils effected the inhibition of microbes
the oils were tested organisms. Methicillin - resistant
Staphylococcus aureus (MRSA), vancomycin - resistant
Enterococci, Pseudomonas aeruginosa, Streptococcus
pyogenes and Candida albicans. The results showed
considerable variability in the size of zone of inhibition
depending on which oil was used and no essential oil was
observed to be the best against all organisms.

Albo et al. [40] examined the in vitro antimicrobial
and antifungal activities of the essential oil of
Cyclotrichium niveum. The antimicrobial activity of the

bacteria and fungus using a disc diffusion method  and
the Minimal inhibitory concentration [MIC] values. The
oils showed remarkable antibacterial activity against
Klebsiella  pneumoniae  and Staphylococcus aureus.
The essential oil exhibited also strong antifungal activity
against Candida albicans.

The antibacterial activity of different concentrations
(25 µl, 50 µl and 75 µl) of Sesame oil (Sesamum indicum)
was determined against bacterial pathogens and the
results were presented in the Table - 3. Antibacterial
activity was noticed in all the three concentrations and
the maximum inhibition zone was noticed at 75 µl
concentration followed by 50 µl and 25 µl. The Sesame oil
(Sesamum indicum) showed maximum zone of inhibition
was recorded against Shigella flexneri (46 mm) followed
by Bacillus cereus (45 mm), Salmonella typhi (42 mm),
Staphylococcus aureus (40 mm), Klebsiella pneumoniae
(39 mm) and Escherichia coli (32 mm). Minimum zone of
inhibition was noticed in Acetobacter baumani (21 mm).
No zone of inhibition was seen in DMSO blind control.

Angioni et al. [41] tested twelve essential oils for
their inhibitory activity against some microorganisms of
veterinary  interest using disc diffusion procedure and the
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Table 3: Antibacterial activity of Sesame oil (Sesamum indicum) against
bacterial pathogens

Zone of Inhibition (mm in dm)
---------------------------------------------------

Sesame oil - Sesamum indicum
-------------------------------------

S. No Bacteria DMSO 25 µl 50 µl 75 µl
1 Escherichia coli NZ 27 30 32
2 Staphylococcus aureus NZ 37 38 40
3 Klebsiella pneumoniae NZ 36 38 39
4 Bacillus cereus NZ 40 41 45
5 Salmonella typhi NZ 37 39 42
6  Shigella flexneri NZ 40 42 46
7 Acetobacter baumani NZ 15 18 21
NZ – No zone of inhibition

Table 4: Antibacterial activity of Santhanathi oil - Santhalum album against
bacterial pathogens

Zone of Inhibition (mm in dm)
----------------------------------------------------

Santhanathioil-Santhalum album
S. --------------------------------------
No Bacteria DMSO 25 µl 50 µl 75 µl
1 Escherichia coli NZ 25 27 30
2 Staphylococcus aureus NZ 35 40 44
3 Klebsiella pneumoniae NZ 35 38 40
4 Bacillus cereus NZ 41 43 46
5 Salmonella typhi NZ 38 40 42
6  Shigella flexneri NZ 40 42 45
7 Acetobacter baumani NZ 13 17 20
NZ – No zone of inhibition commercial formulation of thyme oil was investigated

most active were selected for further study in Agar
dilution method. Disc diffusion technique showed
variation in the antimicrobial activity of selected essential
oils. According to agar dilution method, the most
potential essential oils were cinnamon, oregano;
lemongrass and the MICS were tested at concentration
ranging from 2.0 to 0.0008% (r/r). These inhibitory effects
are interesting in relation to treatment of bacterial and
yeast infections in animals. Bajpai et al. [42] investigated
the chemical  composition  of 3 essential oils obtained
from the barks of three endemic Boswellia sp. namely
Boswellia discorides, Boswellia elongate and Boswellias
ocotrana which were collected from the soqotrais land.
All essential oils possessed antimicrobial activity
especially against Gram positive bacteria with MIC values
between 1.8 and 17.2 mg/ml.

The antibacterial activity of different concentrations
(25 µl, 50 µl and 75 µl) of Santhanathi oil (Santhalum
album) was tested against bacterial pathogens and the
results were tabulated in the Table - 4. Antibacterial
activity was noticed in all the three concentrations and
the maximum inhibition zone was noticed at 75 µl

concentration followed by 50 µl and 25 µl. The
Santhanathi oil (Santhalum album) showed maximum
zone of inhibition was recorded against Bacillus cereus
(46 mm) followed by Shigella flexneri (45 mm),
Staphylococcus aureus (44 mm), Salmonella typhi (42
mm), Klebsiella pneumoniae (40 mm) and Escherichia
coli (30 mm). Minimum zone of inhibition was noticed in
Acetobacter baumani (20 mm). No zone of inhibition was
seen in DMSO blind control.

Cakir et al. [43] analyzed the antibacterial and
antifungal activities of the essential oils against the
common infective bacteria present in the wounds for the
purpose, the essential oil such as clove oil, olive oil,
mustard oil, eucalyptus oil, neem oil, aniseed oil, cumin
oil, cinnamon oil and mint oil. The infective bacteria were
collected from the pus found on the wounds. The isolates
were tested against the standard antibiotics by Kirby
Bauer Disc diffusion method. The antibacterial activity of
essential oils was tested against the isolated bacteria such
Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae, Pseudomonas aeruginosa from the result
obtained, the cinnamon oil is found to be having
biocontrol activity towards all pathogens and can be used
for isolation of effective antibiotic compounds.

Holley and Patel [44] investigated the antibacterial
activity of the essential oil of Origanum ulgare and of a

against Bacillus cinerea and  compared  with  control.
The essential oils and commercial  formulations  were
found to inhibit the growth of Bacillus cinerea in a dose
dependent manner. Light microscopic observation
revealed that the essential oil caused morphological
degeneration such as cytoplasmic coagulation hypha
shriveling hyphae. The essential oils of Origanum
vulgare showed promising antifungal agent against
Bacillus cinerea similar to the commercial formulation.

CONCLUSION

The essential oils from the plant sources showed
varying degrees of antibacterial activity. The variation of
the susceptibility of microorganisms towards the essential
oils could be attributed to their intrinsic properties that are
related to the permeability of their cell surface to the
essential oils. Due to the emergence of the antibiotic
resistant pathogens, plants are being looked upon as an
excellent alternate to combat the spread of multi drug
resistant microorganisms. The essential oil showed a great
potential of antibacterial activity against Gram positive
and Gram negative. Results of our study recommend the
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possibility of using the essential oil as natural 9. Rana, I.S., A.S. Rana and R.C. Rajak, 2011. Evaluation
antibacterial in food or pharmaceutical industry. It can be
concluded that the plants investigation have opened up
a new perspective in pharmaceutical research and they
can be used for the development of potential, novel
antibacterial agents for the treatment of bacterial diseases.
The incorporation of this oil into the drug and food
formulations is also recommended.
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