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Medicinal and aromatic plants have been known since ancient times due to their aromatic and therapeutic
properties. These plants can be used as crude, or in some cases their essential oils or extracts with different
solvents. Essential oils with different biological activities are widely used in food, medicinal and cosmetic
industries. The essential oil of Vetiveria zizanioides (L.) Nash is one of the most prevalent essential oils. The plant
is a perennial, dense, bunch-type grass with stiff stem and has a significantly deep and strong root system. It has
many biological activities as antimicrobial, antifungal, antiviral, anticarconogenic, etc. activities. In this study, the
antibacterial potential of essential oil obtained from vetiver grass grown in Giresun was investigated for the first
time against for pathogen microorganisms (Enterobacter cloacae (ATCC 13047), Enterococcus faecalis (ATCC
29212), Escherichia coli (ATCC 25922) and Proteus vulgaris (ATCC 13315). Considering antibacterial activity, the
minimal inhibitory concentration (MIC) value for E. cloacae, E. faecalis, E. coli and P. vulgaris was 15.63, 31.25,
15.63 and 15.63 pg/ml, respectively. According to the results of this study, it is revealed that the essential oil of

Essential oil
Vetivera zizanioides

vetiver has significant antibacterial activity.
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Introduction

Pathogenic microorganisms cause many diseases Wwith
different mechanism after entering the body. The substances
used for the treatment of the pathogens are either natural or
synthetic antibiotics. However, as well as the therapeutic
properties, the synthetic antibiotics have adverse side effects
on human health (Wang et al. 2006; Ayhan and Tas 2013;
Tekiner 2016). Due to the side effects of synthetic antibiotics,
scientists have begun to search alternative natural components
without side effects. In this regard, medical and aromatic
plants used by local people in the treatment of many bacterial
diseases attracted the attention of the scientific world.
Medical and aromatic plants can be used as crude. Besides,
they can be used as essential oils or modified medication
formulations and extracts prepared with various solvents
(Adorjan and Buchbauer 2010).
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Vetiveria zizanioides (L.) Nash study is a plant growing in
Southern Asia, Burmese, Ceylon Island, Bangladesh and
tropical Africa and used in these countries as an alternative
medicine. V. zizanioides called as 'vetiver belongs to the
Poaceae family (Pareek and Kumar 2013; Soni and Dahiya
2015). This plant is perennial plant and has a highly durable
reed-like body that is clustered in dense bundles and a strong
root system that can descend quite deep (Cindik 2012).
Particularly, the roots of the plants have been used since
ancient times due to its fragrant nature. The roots of this
plants can reach a length of about three meters and contains
a high amount of essential oil which has important medical and
aromatic properties (Chomchalow 2001; Soni and Dahiya 2015).
The essential oil obtained from the roots of the vetiver is used
for the treatment of depression, nervous tension, anxiety
disorders, sleep disorders, sexual dysfunction (Chomchalow
2001). It also has a commercial importance since it is used as
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a stabilizing oil in perfume production due to its slow
evaporation feature (Sellar 2005; Pareek and Kumar 2013). The
main active ingredients of vetiver oil are vetiverol, vetivone,
khusiyone, various terpenes, sesquiterpenoids and khusimol
which are fingerprints of the vetiver. Due to its different active
ingredients, this oil has biological characteristics such as being
antimicrobial, antiviral and antioxidant (Soni and Dahiya
2015). However, as in all medical and aromatic plants, the
vetiver may have different active ingredients with different
proportions depending upon the geographical region and
climate characteristics in which it grows. Therefore, the
antibacterial effect of the essential oil obtained from Vetiveria
zizanioides (L.) Nash, which was grown for the first time in the
Black Sea Region (Tirebolu/Giresun) of Turkey. The
antibacterial activity of the essential oil was evaluated against
the pathogen bacteria members (Enterobacter cloacae,
Enterococcus faecalis, Escherichia coli and Proteus vulgaris) of
the Enterobacteriaceae family.

Materials and Methods

Supply of the Plant Material and Extraction of the
Essential Qil

Vetiveria zizanioides (L.) Nash was supplied from the field
of il-Ca Herbal Products Research-Development Production
Company in April 2017. The field of this company was located
in Tirebolu/Giresun in the Black Sea Region (40.979955,
38.783850). Two- years old vetiver roots were used to obtain
essential oil. The roots were thoroughly washed with tap water
and then pure water. Afterwards, they were dried in the
shade. After grinding the dried roots, 50 gr were taken and
subjected to hydrodistillation for 24 hours in clevenger
apparatus (Thermal Laboratory Equipment, Turkey). The
acquired essential oil was dried in a lyophilizer. The dried
essential oil was then dissolved in 10% dimethyl sulfoxide
(DMSO) to a final concentration of 500 pg/ml and stored in
+4°C for further use.

Bacterial Isolates

The studied bacteria [Enterobacter cloacae (ATCC 13047),
Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC
25922) and Proteus vulgaris (ATCC 13315)] were obtained from
the University of Recep Tayyip Erdogan, Rize, Department of
Biology, Bacteria Culture Collection of the Molecular Biology
Laboratory.

Antibacterial Tests

Testing the Effectiveness by Disk Diffusion Method

Serial dilutions of essential oil were obtained with 10%
DMSO. The prepared concentrations of the essential oils were
7.81, 15.62, 31.25, 62.5, 125, 250 and 500 pg/ml. The
antibacterial test was performed via the disk diffusion method.
The bacterial strains were grown in tryptic soy broth (TSB,
Merck) and then each bacterial solutions containing a cell
suspension of 108 cells/ml was spread on Tryptic soy agar (TSA,
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Merck) with a sterile swab (Janssen et al. 1987; Murray et al.
2003; Gormez et al. 2013). Each 6-mm standard disc was filled
with 10 pl of each concentration and placed on agar inoculated
with the pathogenic microorganism. As a negative control, 10%
DMSO was used. Meropenem (10 pg), vancomycine (30 pg),
ampicilline (10 pg) and amoxacillin (30 pg) were used as
positive controls. All the experimental groups were incubated
at 37 °C for 24 hours. At the end of the specified period,
transparent inhibition zone diameters around the standard
discs were measured and recorded (Gormez et al. 2015).

Determination of Minimal
Concentrations (MIC) of Essential Oil

Inhibitory

Minimal inhibition concentration (MIC) was determined by
microwell dilution method. Bacterial cultures grown in liquid
cultures for 12 hours were adjusted to concentrations of 108
cells/ml by using 0.5 McFarland standard turbidimetry. The
essential oil was prepared with 10% DMSO as seven
concentrations (7.81 15.62 31.25, 62.5, 125, 250 and 500
pg/ml). The liquid medium (95 pl) and 5 pl of the bacterial
solutions were added to each well of the ELISA plates. The final
volume was then adjusted to 200 pl by adding essential oil of
different concentrations. DMSO was added to the last well as
the negative control. The prepared plates were incubated at
37 °C for 24 hours in a shaking incubator. All experiments were
repeated three times. The minimum inhibitory concentration
value was determined by measuring the turbidity of bacteria
with a microplate reader at a wavelength of 600 nm (Zgoda
and Porter 2001; Gormez et al. 2013).

Results and Discussion

Members of the Enterobacteriaceae family are Gram-
negative bacteria which are important components of human
and animal intestinal microflora (Dogan et al. 1996; Torlak
2011). The opportunist and pathogenic members of these
bacteria cause many serious infections such as septicemia,
urinary system infections, pneumonia, cholecystitis,
cholangitis, peritonitis, wound infections, meningitis and
gastroenteritis (Foxman 2002). Enterobacter cloacae
(ATCC13047), Enterococcus faecalis (ATCC29212), Escherichia
coli (ATCC25922) and Proteus vulgaris (ATCC13315) used in this
study are these causing serious diseases as mentioned above.
For the treatment of these diseases antibiotics worth millions
of dollars are consumed every year. Hence, it is vital to
identify natural substances having the potential to be used
against these bacteria. Vetiver essential oil is rich in various
chemicals such as benzoic acid, furfural, vetivene, vetineil
vetinate, terpinene-4-ol, 5-epiprezizane, khusimene, a-
muurolene, khusimon, kalakoren, B-humulene, a-longipinen,
d-selinene, d-cadinene, valencene, kalaren-gurjunen, a-amorf
en, epizizanal, 3-epizizanol, khusimol, iso-khusimol,
valerenol, B-vetivone and vetivazulene (Kokate 1991; Pareek
and Kumar 2013).

The odor and chemical composition of an essential oil may
vary according to the geography, climate and conditions in
which it grows (soil type, altitude, water amount it can find)
and to the season (e.g. before the flowering period, after the
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flowering period) and even to the period of the day in which it
is harvested (Margaris et al. 1982; Pengelly 2004; Putiyanan et
al. 2005; Andrade et al. 2011). Due to the reasons mentioned
above, a species of plant can produce different essential oils
or the essential contents can differ, thus, the therapeutic
traits of the essential oil can vary. For this reason, this study
was intended to investigate the antibacterial characteristics of
Vetiveria zizanioides (L.) Nash growing in a different region
(province of Giresun/Turkey). When the results of the study
were analyzed, the MIC value for E. cloacae, E. faecalis, E. coli
and P. vulgaris was 15.63, 31.25, 15.63 and 15.63 pg/ml,

respectively (Table 1). Similar results were obtained from
similar studies about antimicrobial activity of vetiver in the
literature (Putiyanan et al., 2005; Barad et al. 2013; Soni and
Dahiya 2015; Dahiya and Sing, 2015). According to the
literature, different extracts and essential oil of the vetiver
cultivars and their constituents showed antibacterial effect

against  Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa, Enterococcus faecalis, Klebsiella
pneumoniae, Salmonella typhi, Salmonella aureus,

Acinetobacter sp., etc. at different rates.

Table 1. Antibacterial activity of the essential oil of Vetiveria zizanioides (L.) Nash

CONCENTRATION (pg/ml) MIC NC PC

BACTERIA DD* DD*

500 250 125 62.5 31.25 15.63 7.81 DMSO Standard antibiotic discs**
Enterebacter
cloacae 19 16 14 13 10 15.63 22 (MEM)
ATCC 13047
Enterococcus
faecalis 19 14 12 11 31.25 21 (VA)
ATCC 29212
Escherichia
coli ATCC 18 16 13 11 9 15.63 18 (AMC)
25922
Proteus
vulgaris 12 10 10 8 15.63 18 (AMP)
ATCC 13315

MIC, minimal inhibitory concentration, NC: Negative control, PC: Positive control, DMSO; Dimethyl sulfoxide (10%)
*DD, Inhibition zone in diameter (mm/sensitive strains) around the disks (6 mm)
**MEM: Meropenem (10ug), VA: Vancomycin (30ug), AMP: Ampiciline (10 pg), AMC: Amoksacilin (30ug)

The results are in accordance with the previous studies
about antimicrobial activity of vetiver. It was observed that
the highest inhibitory effect against the used bacteria was
obtained in highest concentration (500 pg/ml) and that
inhibition effect was lower than these obtained with
antibiotics. In the literature, it has been shown that the
antimicrobial activity of plant compounds can be folded double
than antibiotics (Gormez et al. 2015). However, the results
obtained in this study shows lower antibacterial effect than
these antibiotics tested. Thus, the compounds with lower
antibacterial activity may still have important role in the
development of antibacterial drugs that can be used
particularly for children and for the treatment of non-severe
infections. Currently, only 13.6% of the used antibiotics are
approved for the use by children (Andrijasevic and Walters
2010). According to the official sources, antibiotics are the
most commonly used drugs for diseases of outpatient
treatment in Turkey. It is estimated that at least 50% of the
antibiotics used for the outpatient children are unnecessary. It
is known that unnecessary use of antibiotics causes the
formation of antibiotic-resistant microorganisms which can
lead to more severe diseases. In addition, the country's
economy may seriously affected because of unnecessary and
high priced drugs (Pinar 2012; Lodha et al. 2013). The rational
antibiotic use is defined as the use of the appropriate and
cheap antibiotic under reasonable time and dosage according
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to the clinical findings and individual characteristics of
patients (Yildiz et al. 2014). At this point, the use of
economically produced natural products without side effects
would be an appropriate approach as an alternative drug.

Conclusion

The study investigated the antibacterial properties of
Vetiveria zizanioides (L.) Nash plant which was first grown in
Giresun province. According to the literature, some of the
studied bacterial strains can be resistant to antibiotics. Their
treatments with many antibiotics are difficult, thus, the use of
plant based compounds can be used which may not increase
the pathogen resistance.
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