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ABSTRACT

In developing countries the unsafe drinking water is the main cause of several human fatal diseases of
bacterial origin. The phylogenetic relationships of five water borne bacterial pathogens were determined with
help of ClustalW computer program using their ITS1 sequences of the aligned standard strains. In the present
study the essential oil of Trachyspermum ammi L. extracted by hydrodistilation process and their bio-active
constituents were analyzed by the Gas Chromatography and Mass Spectroscopy. In vitro antibacterial activity
of essential oil was tested against Escherichia coli (ATCC-25922); Escherichia coli (MTCC-723); Vibrio
Cholerae (MTCC-3906); Salmonella typhimurium (MTCC- 98) and Shigella dysenteriae (ATCC-23513) using
Broth Microdilution method recommended by CLSI (NCCLS). The essential oil of T. ammi exhibited the
minimum inhibitory concentration (MIC) against E. coli (ATCC) 0.087 mg/ml, V. cholerae 0.107 mg/ml, S.
typhimurium 0.109 mg/ml, E. coli (MTCC) 0.128 mg/ml, S. dysenteriae 0.162 mg/ml respectively. The in vitro
susceptibility testing indicated that the essential oil of T. ammi L. was most potent antibacterial tool for water
borne bacterial diseases originated by contaminated drinking water.

Key words: Bacterial origin, ClustalW, MIC, NCCLS, Susceptibility, 

Introduction

Water is one of the key natural resource that is
inevitable for sustainability of human and
environmental health. There is a strong and direct
link between people’s health and the development of
communities. Gleick [1] and the World Health
Organization [2] summarized these links as: poor
health reduces life expectancy and educational
achievement; it reduces investment and returns from
investment (as production, productivity and
employment decrease); it reduces parental investment
in children (and increases the fertility rate); it
increases health inequity and poverty; and it reduces

social and political stability. Inadequate water
services together with sanitation to the rural poor are
among the most serious challenges facing the
developing world. Every year, approximately 3.4
million people die due to water-borne diseases, with
the greatest health burden falling on children [3].

India is amongst those developing countries,
where still vast population resides in the rural areas.
They are basically dependent on the supply of
untreated water, and mostly on river, ponds and dug
wells. This water is unsafe for drinking purposes
having a lot of water borne disease causing bacteria
such as Escherichia coli, Vibrio cholerae, Salmonella
typhi, Salmonella typhimurium Shigella dysenteriae,
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Staphylococcus aureus and Klebsiella pneumoniae
etc. These enteropathogenic bacteria in water are
responsible for a variety of diseases like cholera,
typhoid, dysenteries, bacillary dysentery, etc. in
human and livestock [4]. Indian subcontinent is a
known hot spot for diarrhoeal epidemics as evident
by the number of epidemics reported [5]. Ten major
water-borne diseases are responsible for over 28
billion disease episodes annually in developing
countries [6]. In 1994, an estimated 14 million
people had no access to clean water. Although
initiatives were taken and improvement measures
implemented, 7 million of the 14 million people in
rural areas lack safe and clean water [7].

Indian systems of medicine have been
developing since the first human civilizations in the
Indian subcontinent, Charaka, the ancient Hindu
physician and the author of the Great Ayurvedic
treatise, “Charaka Samhita”, devoted an entire chapter
to Atisara which means diarrhoea, which he
attributed to diminution of Agni or power of
digestion [8]. Around 70% of population in India
relies on these systems for primary health care. The
proportion of use of plants in the different Indian
systems of medicine is: Ayurveda 2000, Siddha 1300,
Unani 1000, Homeopathy 800, Tibetan 500, Modern
200 and folk 4500 [9]. Plants have been a valuable
source of natural products for maintaining human
health, especially in the last decade, with more
intensive studies pertinent for natural therapies.
According to the World Health Organization (WHO)
medicinal plants would be the best source from
which to obtain a variety of drugs [10]. According to
[11] and [12], 80% of the rural population depends
on traditional medicines for their primary healthcare
needs. Therefore, putative medicinal plants should be
investigated to understand their properties, safety, and
efficacy [13]. Plant essential oils are a potentially
useful source of antimicrobial compounds. Botanicals,
such as essential oils and plant extracts, have been
studied for their antimicrobial activities [14]. Other
than antibacterial and antiviral effects, most EOs
investigated possesses insecticidal, antifungal,
acaricidal, cytotoxic and antioxidant properties [15].
Due to the potential for antimicrobial and antioxidant
properties [16,17] of Trachyspermum ammi L.
(Sprague), it had been found to be of strong
inhibitory use against a wide range of water-borne
disease causing enteropathogenic bacteria. The
medicinal plant T. ammi is one of the most famous
medicinal plants in the treatment of a large number
of human ailments being mentioned in Ayurveda,
Sushrita Samhita and Charaka Samhita [18].

The aim of present study was to compare
antimicrobial activity of essential oils against
common water-borne diseases causing bacteria,
including E. coli, V. cholerae, S. typhimurium, and S.
dysenteriae. Evaluating minimum inhibitory

concentration and GC/MS analysis of the main
components of the oil was done for their contribution
as alternative products for microbial control in
drinking water causing diseases.

Materials and methods

Test organisms:

Two bacterial strains of E. coli (ATCC 25922),
E. coli (MTCC 723) and V. cholerae (MTCC 3906)
S. typhimurium (MTCC 98) and S. dysenteriae
(ATCC 23513) isolates obtained from Microbial type
culture collection (MTCC), Chandigarh and American
Type Culture Collection (ATCC), Bangalore, India
were stored at 4°C. These microorganisms were
selected for assay study, as these are common
enteropathogens causing water-borne diseases. The
pure cultures were maintained by routine sub-
culturing at one-week interval in nutrient agar slants.

Essential oil:

The essential oil of medicinal plant T. ammi L.
(Sprague) family lamiaceae was used in this study.
The oil was extracted through Clevenger’s apparatus
[19] and dried over anhydrous sodium sulphate.
Basically the plant materials (250g) were cut into
small pieces and placed it into flasks (5L) with
normal water (2L). Through steam distillation
continuous extraction head was attached to the flask.
After (3h) the oil was isolated. The oil thus obtained
was subjected for isolation and identification of their
active constituents.

GC-MS analysis:

Gas Chromatographic analysis of the oil of T.
ammi was performed on a Perkin- Elmer GC 8500,
using a fused capillary column (25m x 0.55 mm i.d.,
film thickness 0.25µm), coated with dimethtyl
siloxane (BP-1). The oven temperature was adjusted
at 60oC to 2200C at 50C/min. then held isothermal at
220oC for 15 min. injector temperature, 250oC,
detector temperature, 300oC, carrier gas, nitrogen at
a linear velocity of 10 psi: split, 1:80. GC-MS data
were obtained on a Shimazdu QP-2000 mass
spectrometer at 70Ev and 2500C. GC column: Ulbon
HR-1 equivalent to OV-1, fused silica capillary
column 0.25 mm x 50m, film thickness 0.25 um. The
100oC for 7 min.was initial temperature and heated
at 5oC/min to 250oC. Carrier gas helium at a flow
rate of 2ml/min.The percentage composition of T.
ammi L. (Sprague) leaves oil clearly indicated
Thymol as its major constituent as shown in the 
Fig. 1.

Preparation and Standardization of Inoculum:
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The cultures of strain considered for study were
maintained on NA (nutrient agar) slants at 4ºC. After
pure growth a loopful bacterial culture of each test
organism were transferred in 5ml of Muller Hinton
Broth (MHB) and incubated at 35- 37oC for 20-24
hours. The turbidity of the full growing bacterial
suspension was compared and matched with the
turbidity of 0.5 McFarland units. McFarland
standards are prepared by adding sulfuric acid, (0.18
M 99.5 mL) to an aqueous solution of barium
chloride, (0.048 M 0.5 mL) which results in the
formation of a suspended barium sulfate precipitate.
The McFarland 0.5 standard corresponds
approximately to a homogeneous suspension of 1.5
x 107 cells per mL.

Minimum Inhibitory Concentration Test (MIC):

The minimum inhibitory concentration (MIC)
values were evaluated using the Broth Microdilution
method according to standard methods [20]. Sterile
96-well microtitre plates with lids (SPL) were used
for the assay of bacterial strains cultured overnight at
370C in Muller Hinton Broth (MHB). Stock solutions
of the EO were prepared in 40mg/ml in dimethyl
sulfoxide (DMSO). Dilution series, using MHB, were
prepared from 10 to 0.01 mg/ml. From stock
solution, 100μl were transferred into 96-well
microtitre plates, followed by adding 90μl and 80μl
of MHB in each wells of rows number 3 to 4. Then,
added 10μl and 20μl essential oil in each well of
rows number 3 and 4 respectively. Serial dilutions
were carried out from rows 4 to 11 and excess broth
(100μl) was discarded from row 11. Inoculums of
100μl were added to each well, making the final
volume in each well 200μl. The inocula of each
bacterial strain were prepared using a 16 h Broth
culture and suspensions were adjusted to 0.5
McFarland standards turbidity. Row 12 wells,
consisting of MHB 5.0% (v/v), DMSO and
microorganisms was the growth control; and row 1
wells, containing MHB, inoculum and formaldehyde
served as the negative control. After incubation at
370C for 22–24 h, the microorganism growth
inhibition was evaluated by measuring O.D. at
630nm, using an ELISA reader (Spectramax Plus384,
Molecular Devices Corporation, USA). The MICs
was defined as lowest concentration of essential oil,
showing no visible bacterial growth after incubation
time [21,22]. All tests were performed in triplicate.

Minimum Bactericidal Concentration (MBC):
Aseptically 100 µl aliquot of inoculum was taken

from those wells which not showed any turbidity in
incubated 96 well plate treated with essential oil.
After poured on to Nutrient agar plates incubated for
24 hours at 37°C. MBC was defined as the lowest
concentration of the essential oil at which 99.99% or
more of the initial inoculum was killed. If there was
no growth, it means the concentration was cidal. 

Phylogenetic Relationship Between Pathogenic
Bacterial Strains:

Using the Clustal W computer program [23] and
GENETYX-MAC 10.1 software (Software
Development Co., Ltd., Tokyo, Japan, the
phylogenetic analysis of both the mentioned strains
of E. coli, V. cholerae, S. typhimurium and S.
dysenteriae was done. Phylogenetic trees were then
constructed by the DNA maximum-likelihood (ML)
method in the PHYLIP program (Phylogeny
Inference Package), version 3.5c [24] and the
neighbor-joining (NJ) [25] method in the NJPLOT
program [26]. Bootstrap analysis with the Clustal W
program was performed. With all these data into
consideration, the relation between the dependence of
effectiveness of the essential oil on these pathogens
in terms of phylogeny was studied.

Nucleotide Sequence Accession Numbers:

For the phylogenetic analysis, data in the form
of nucleotide sequences was obtained from GenBank
nucleotide sequence database [27]. The ITS1
sequences of the standard strains used in the study
with accession no. X80724; E. coli [28], accession
no. J01859; E. coli [29] accession no. X76337; V.
cholerae [30], accession no. X80681; S. typhimurium
[28] and S. dysenteriae [31] accession no. GU271883
were aligned.

Results and discussion

The essential oil of T. ammi L., having the
major active constituent’s thymol 80.70%, α- pinene
7.90% and p-cymene 11.40% showed broad spectrum
antimicrobial activitiy.

It was used against gram-negative
enteropathogenic bacteria, E. coli (ATCC25922), E.
coli (MTCC723), V. cholerae (MTCC3906), S.
typhimurium (MTCC 98) and S. dysenteriae (ATCC
29026). The test was performed by the Broth
microdilution method [20]. The antibacterial potency
was quantitatively assessed in accordance to the
MICs as well as IC50 values obtained. The data of
the study clearly indicated that the essential oil
showed great minimum inhibitory concentrations
(MICs) against E. coli (ATCC) MIC: 0.087 mg/ml
and IC50: 0.085 mg/ml, V. cholerae MIC: 0.107
mg/ml and IC50:  0.074 mg/ml, S. typhimurium MIC:
0.109 mg/ml, IC50: 0.007mg/ml, E. coli (MTCC)
MIC: 0.128 mg/ml, IC50: 0.092 and in case of S.
dysenteriae MIC: 0.162 mg/ml, IC50: 0.155 mg/ ml
were recorded.

However, the activeness of the essential oil over
the studied bacteria was observed according to their
phylogenetic position.

The phylogenetic study of  ITS1 sequences (fig.
2) of 16S rRNA of the above mentioned pathogenic
bacteria clearly revealed that both the strain of E. 
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coli i.e. E. coli (ATCC) and E. coli (MTCC) have a
similar origin and V.cholerae also parallel to same
the phylogenetic line. S. typhimurium is near to V.
cholerae but, S. dysenteriae is away from the E. coli
as well as V. cholerae in their phylogenetic tree.
Although all above pathogens are gram negative but
differences in their phylogeny as seen in fig.3. So
Activeness of essential oil also varied. The variation
in MICs for E.coli (ATCC) and E.coli (MTCC) were
observed due to differences in their geographical
origin. The similar activity of the same concentration
of the essential oil against S. typhimurium and V.
cholerae validates the phylogenetic analysis. Apart
from these, S. dysenteriae remarkably had shown a
lot of difference in its phylogeny. So a large
variation occurred in its MICs value as well as IC50

value at the tested concentration of essential oil.
On the basis of the MICs, it was inferred that

the antibacterial activity of the essential oil was more
potent against E. coli (ATCC) but, for S. dysenteriae
found less effective. Considering the MICs values,
the percentage of inhibition of essential oil was better
for E. coli (ATCC) than E. coli (MTCC). 

The data confirmed that, at the low concentration
the bacterial growth is enhanced but, concentrations
from 1.25 to 0.313mg/ml is quite more effective (fig.
4).

The bacterial growth inhibition is variable at
concentration 0.078mg/ml. The growth of E.coli
(ATCC), E.coli (MTCC) and V.cholerae are
increaesd at concentration of 0.039mg/ml. The
average percentage growth inhibition indicated that
the, a higher concentration of 0.320 exhibited
bactericidal behaviour (Table 2). 

The large number of different groups of chemical
compounds present in EO, it is most likely that their
antibacterial activity is not attributable to one specific
mechanism but that there are several targets in the
cell [32]. An important characteristic of EOs and
their components is their hydrophobicity, which
enables them to partition in the lipids of the bacterial
cell membrane and mitochondria, disturbing the
structures and rendering them more permeable
leading to leakage of ions and other cell contents
[33]. 

The previous work suggest that essential oils
possessing the strongest antibacterial properties
against water borne pathogens contain a high
percentage of phenolic compounds such as carvacrol,
eugenol (2-methoxy-4-(2-propenyl) phenol) and
thymol [34,35,36,37]. Thus, the inference was drawn
that the strong antibacterial activity of essesntial oil
of T. ammi L. is due to the thymol, it was found to
be its major active constituent. Mechanism of action
of thymol would therefore be similar to other
phenolics; which is generally considered to be the
disturbance of the cytoplasmic membrane, disrupting
the proton motive force (PMF), electron flow, active

transport and coagulation of cell contents[38,39]. Oil
toxicity  not affected membranes only but also
affects cell wall leading to disrupt and thicken, in
polar regions and  breakdown  in  some  parts 
which  resulted  in  leakage  of cytoplasmic 
materials [40]. According to another study, the
thymol decreased the intracellular ATP pool of E.coli
and also increased extracellular ATP, indicating
disruptive action on the cytoplasmic membrane [41].
It was often reported that Gram-negative bacteria
were more resistant to the essential oils present in
plants [42] because LPS avoids the accumulation of
the oils on the cell membrane, which is in agreement
with the work of [43]. The results obtained in our
study showed that E. coli (ATCC) was found to be
more sensitive than S. dysenteriae. E. coli have a
multi-layered structure [44] with many
intermembranous preoteins meant for their
permeability along with lipopolysaccride. Therefore,
on basis of present phylogenetic study, the result can
be drawn that the lipopolysaccharides (LPS) present
in pathogenic bacterial cell wall were found to be
very sensitive in E. coli (ATCC) 0.087 mg/ml, than
V. cholerae 0.107 mg/ml, S. typhimurium 0.109
mg/ml, E. coli (MTCC) 0.128mg/ml and S.
dysenteriae 0.162 mg/ml. These differences found
between the activities of the EO against the tested
pathogens were not only due to differences in their
phylogeny, difference in antibacterial activities of
essential oil may be related to the concentration and
nature of contents, to the respective composition, the
functional groups, the structural configuration of the
components and their possible synergistic interaction
[45].

Conclusion:

The water contamination is a very serious and
fatal health problem for the public, but may be better
controlled by the use of natural preservatives. The
study showed that the essential oil of Trachyspermum
ammi L. possessed good inhibitory activity against
the tested enteropathogenic bacteria. The major active
constituent of the oil was found to be thymol
(phenolic compound), which was responsible for its
strong antibacterial activity. The comparably cheaper,
safer and reasonably good antibacterial activity; thus,
supports its traditional use for water borne bacterial
diseases in the rural areas. The presence of most
general phytochemicals in T. ammi might be
responsible for their therapeutic effects. It further
reflects a hope for the development of many more
novel chemotherapeutic agents or templates from
such plants which in future may serve for the
production of synthetically improved therapeutic
agents.
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Fig. 1: GC/MS chromatograms of Trachyspermum ammi L.. leaf essential oil

Fig. 2: Alignment of ITS1, 16S rRNA sequences of water borne bacterial pathogens.

Fig. 3: Results of cladogram (Neigbour Joining Tree plot) of water borne bacterial pathogens on the basis
of their ITS1 sequences. The N.J. tree was constructed with data for standard strains of water borne
bacterial pathogens.

Fig. 4: Percentage growth inhibition of five water borne bacterial pathogens using various concentrations of
Trachyspermum ammi L. leaf essential oil.
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Table 1: Major chemical compound of Trachyspermum ammi L.. leaf essential oil
S. No. Name of Active constituents % Active constituents
1 Thymol 80.70
2 α-pinene 7.90
3 ρ-cymene 11.40

Table 2: Minimum Inhibitory Concentration (MIC) and IC50 of Trachyspermum ammi L. leaf essential oil against water borne bacterial
pathogens.

S. No. Water borne bacterial pathogens IC50 MIC MBC
1 E. coli (ATCC25922) 0.085 0.087 0.175
2 E. coli (MTCC723) 0.092 0.128 0.260
3 V. cholerae (MTCC3906) 0.074 0.107 0.212
4 S. typhimurium(MTCC 98) 0.007 0.109 0.220
5 S. dysenteriae (ATCC 29026) 0.155 0.162 0.320
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