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Abstract
Innovation of effective antimicrobial agents in terms of resistance against various pathogenic
microorganisms is a universal challenge for the pathologists and researchers, leading to improvement
of innovative technologies that have great potential and efficacy. With this intention, we investigated
and compared the antimicrobial activities of leaf extracts of Ocimum sanctum L. and Ocimum
gratissimum L. against few bacteria, such as Escherichia coli, Agrobacterium tumefaciens and Bacillus
megaterium, and fungi such as Fusarium oxysporum  and F. solani. Methanol, petroleum ether, n-
hexane as well as water were used to prepare the extracts; the antimicrobial activities were tested using
the well-diffusion method. As expected, irrespective of the solvent, the highest concentration (100%)
of the extract generally showed the highest efficacy with the largest zones of inhibition of the three
bacterial and two fungal species. Among the solvents, overall, the methanolic extract was the most
effective (showing the largest zones of inhibition) against bacteria; but the solvents did not show any
difference in their activity between the two fungal species. Meanwhile, the most susceptible bacterial
species against both the species of tulsi was A. tumefaciens, and the most susceptible fungal species was
F. oxysporum. The extracts of O. gratissimum showed relatively higher antimicrobial activity against
both bacteria and fungi; this finding correlated with the higher vigour, stronger aroma and higher
eugenol content of this species of tulsi. HPLC-fingerprinting of them showed different patterns that
correlated with their antimicrobial activities.
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1.  Introduction

Ocimum is a versatile aromatic genus and is considered as the most
sacred plant in the Indian subcontinent. The plant also contains
economically important essential oils, and is one of the most
important medicinal herbs used in several traditional medicinal
systems. The Ocimum species, popular as Basil, is one of the largest
genera of the Lamiaceae family (Sajjadi, 2006) with nearly 160 species.
It is native to the tropical and subtropical Asia, Africa, and Central
and South America (Darrah, 1974). India is home to nine and the
North East India to four species of the plant (Kalita and Khan,
2013). Because of the great diversity of the genus, its members are
placed under two categories, viz., the Basilicum and the Sanctum
group. The Basilicum group includes O. canum, O. basilicum, O.
americanum and O. kilimandsacharium; and the Sanctum group
includes O. sanctum, O. gratissimum, O. viride, O. sauve and O.
micranthum. Commonly known medicinal species include O. sanctum
(Krishna tulsi), O. gratissimum (Ram tulsi), O. canum (Dulal tulsi),
O. bascilicum (Ban tulsi), O. kilimandsachricum, O. americanum,
O. camphora and O. micranthum (Kalita and Khan, 2013; Atal and
Kapur, 1989). In Assam, two types of Ocimum are mostly cultivated;

the Ram tulsi (O. gratissimum) possessing green leaves, and the
Krishna tulsi (O. sanctum) bearing purple leaves.

The genus, Ocimum, is an important source of medicine, and contains
a wide range of essential oils and other products. The essential oils
are rich in phenolics, and are responsible for its aroma and biological
activity (Sajjadi, 2006). Eugenol (l-hydroxy-2-methoxy-4-allylben-
zene) is an active constituent present in O. sanctum  which largely
controls the therapeutic potentials of the plant (Singh and Kumar,
2010). O. gratissimum exhibited antifungal activity against dermato-
phytes, imperfect filamentous fungi and pathogenic yeasts (Koba et
al., 2009), and also against Aspergillus repens, Curvularia lunata
and Fusarium moniliforme (Amadi et al., 2010). The medicinal
properties exhibited by the Ocimum spp. include adaptogenic,
metabolic, antibacterial, antifungal, immunomodulatory, analgesic,
antiulcer, anti-inflammatory, antioxidant, antistress,  antiarthritic,
antiasthmatic, radioprotective, antioxidant, antifertility, anticancer,
anticonvulsant, antidiabetic, antihyperlipidemic, memory enhancer
and neuroprotective activity (Kadian and Parle, 2012; Jamshidi and
Cohen, 2017). Methanolic extracts of O. sanctum revealed its
antibacterial activity against pathogens such as Enterococcus faecalis,
Enterobacter cloacae, Escherichia coli, Proteus vulgaris, Klebsiella
pneumoniae, Staphylococcus aureus and S. saprophyticus (Tantry et
al., 2016). Hexane and ethanolic extract of O. sanctum also showed
antimicrobial activity against S. aureus, E. coli and Klebsiella spp.
(Bansavatar et al., 2015). Camphor, eucalyptol and eugenol present
in O. tenuiflorum show antimicrobial activity against S. aureus,
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E. coli and Pseudomonas aeruginosa (Yamani et al., 2016). Not only
the organic, but aqueous extract of O. sanctum also showed antifungal
properties against A. niger,  Rizopous, Cladpsporium, Curvularia
lunata, and Candida spp. (Khan et al., 2010).

Even today, 80% of 122 drugs derived from plants were related to
their ethnopharmacological uses (Fabricant and Farnsworth, 2001).
Tulsi beings an ethnically important medicinal plant, it is essential
to understand the useful properties of its compounds and their modes
of action for their purposing and repurposing. The plant has been
reported to be non-toxic and safe in clinical rat trials (Gautam and
Goel, 2014); none of its compounds was found to have any adverse
effect on human health (Jamshidi and Cohen, 2016).

Although, some works have been done on antimicrobial activities of
tulsi, there is almost no report of comparison of antimicrobial activity
among its species, and solvent extracts. Therefore, we aimed this
investigation to screen antimicrobial activity of the leaf extracts of
O. sanctum and O. gratissimum against few common microbes. A
comparative HPLC fingerprinting also had been done for relative
quantification of their bioactive compounds.

2.  Materials and Methods
2.1 Materials

The following chemicals and reagents were used in this study:
(i) Methanol (for extraction; AR grade; Sigma Aldrich, USA),  (ii)
Petroleum ether (AR grade; Sigma Aldrich, USA), (iii) n-hexane (AR
grade; Sigma Aldrich, USA), (iv) Dimethyl sulphoxide (DMSO; AR
grade; Sigma Aldrich, USA), (v) LB (Miller; microbiology grade; Sigma
Aldrich, USA), (vi) LB Agar (Miller; microbiology grade; Sigma
Aldrich, USA), (vii) Nutrient Agar (NA; microbiology grade; Sigma
Aldrich, USA), (viii) Streptomycin sulfate (USP Grade; Sigma Aldrich,
USA), (ix) Cyclohexamide (microbiology grade; Sigma-Aldrich, USA),
and (x) Formic acid (LiChropurTM; Sigma Aldrich, USA), (xi) Methanol
(gradient grade; Sigma Aldrich, USA), and (xii) Potato dextrose agar
(PDA; Sigma Aldrich, USA).

2.2 Collection of plant materials

The seedlings of Ocimum species were collected from the medicinal
plant collection of the Department of Agronomy, Assam Agricultural
University, India. The plants were grown in sandy loam soil enriched
with organic matters and maintained in net-house. For extraction,
the leaves of O. sanctum and O. gratissimum were washed thoroughly,
dried under shade and ground into fine powder using a blender passing
through 0.33 mm sieve.

2.3 Preparation of leaf extracts

Thirty-five gram of leaf powder was put in a thimble, which was
placed in the Soxhlet extractor. 350 ml of each of methanol, n-hexane,
petroleum ether and water were used to extract for about 6 h until no
single drop of solvent left the residues. The extracted solutes were
concentrated into 1/10th volume in a rotary evaporator. The final
extract was stored at 4oC. The extracts in methanol, petroleum ether
and n-hexane were dissolved in DMSO to prepare different
concentrations (25%, 50%, 75% and 100%) to assess their
antimicrobial activity.

2.4 Screening of antibacterial activity by agar well-diffusion

Antibacterial activities of the extracts were evaluated according to
the method of Bauer et al. (1966). From single colony, 10 ml of
culture of each bacterium was obtained at 200 rpm in a mechanical
shaker incubator; cultures were raised 28°C-30°C for Agrobacterium
tumefaciens and Bacillus megaterium, and 37°C for Escherichia coli.
Incubation was done for 12 h for B. megaterium and E. coli; and for
48 h for A. tumefaciens. From these broths, 500 µl of bacterial cultures
were transferred to LB Agar and NA plates, and were spread evenly.
Five wells were made on each plate: three of them for different
concentrations (viz., 25%, 50%, 75% and 100%) of tulsi extracts,
one for positive control (streptomycin) and one for negative control
(DMSO). The wells were filled with 50 µl of respective extract
assigned for it. The plates were incubated at similar conditions without
revolution.

2.5 Screening of antifungal activity by agar well-diffusion

The fungi were cultured from pure-culture plates on PDA media and
were incubated at 30°C for 3 days. Fresh plates were inoculated on
one edge and were incubated at 30°C for 2 days. Wells were plunged
in the plates where 50 μl each of the above four concentrations of
extracts were added; the plates were again incubated at the same
temperature for 3 days. The positive control was cyclohexamide, a
highly effective antibiotic used against fungi, and the negative control
was DMSO. The plates were observed everyday for 6 days.

2.6 Scoring of zones of inhibition

After incubation, clear zones of different sizes were observed around
the wells containing the various concentrations of tulsi extracts and
the positive control. The diameter of the inhibition zones, as
mentioned in the table legends, was measured with rulers in millimeter
(mm). The screening was repeated three times for each bacterium,
and corresponding values of zones of inhibition for each concentration
of the tulsi extract, and for each of the bacterial and fungal species
were averaged. The values thus obtained were compared with the
different concentrations of the same extract, same concentration of
different extracts and with the positive and the negative controls.

2.7 HPLC fingerprinting of Ocimum extract

The HPLC analyses of the methanol, n-hexane and aqueous leaf
extracts of O. sanctum and O. gratissimum were done in the UHPLC
model Dionex (Thermo Fisher, USA) system. The system was
equipped with C18 column (5 μm; 120Å; 4.6 × 250mm) in CSIR-
North East Institute of Science and Technology, Jorhat, India. The
sample volumes used for injection into the column was 20 μl, and the
flow rate was 0.50 ml/min. The mobile phase used in this system
comprised of 1 : 4 ratios of 0.1% formic acid and methanol. The
detection of the eluting compounds was carried out at 230 nm at run
time of 30 min. The HPLC parameters such as robustness, accuracy,
limit of detection (LOD), linearity, etc., were calculated according to
ICH (2005) and Fuster et al. (2015). For robustness, a given solution
was evaluated in sextuplicate submitted to different conditions (flow
temperature, composition). A relative standard deviation value <5%,
with accuracy of ± 5% was considered robust. Intra-assay variation
was checked by triplication of analytical curve and evaluation of the
midpoint six times on the same day. The LOD was calculated based
on the standard deviation and slope of the calibration curve by 3.3
SD/Sample.
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2.8 Data analysis

The experimental data entry was done in MS Excel spreadsheet for
further analysis. Various means with standard errors, analysis of
variance (ANOVA), followed by Tukey multiple comparison test
were performed using MS Excel and Graph Pad PRISM 8 to compare
the level of efficacy of different treatment regimes. The data were
analysed to understand the effects of various concentrations of the
tulsi extracts and to test whether the means for zones of inhibition
differ significantly among the three bacterial species. To test whether
or not to reject the null hypothesis when it is true, levels of
significance used were: 5% (<0.05), 1% (<0.01), 0.1% (<0.001) and
0.001% (<0.0001) probability (p-value), respectively. The data were
of laboratory origin, and utmost care was taken to ensure uniform
environmental conditions (simulated) for each event. Still, three
replications were kept for each data point, and means and standard
errors were well considered for further analysis.

3.  Results

3.1 Antibacterial activity of Ocimum extracts

The antibacterial activities of the tulsi extracts were evaluated against
three common bacterial strains, E. coli, A. tumefaciens and B.
megaterium. The presence or absence of the zone of inhibition
indicates susceptibility or resistance, respectively, of the particular
bacteria against the metabolite (s) present in the specific solvent
extract of Ocimum. The results of the relevant assays are presented
in Table 1 and Table 2 and in Figure 1. It was clear that irrespective
of the solvent systems used, with the increase in the concentrations
of the extract, the diameter/size of the zones of inhibition increased.
The zone of inhibition in case of positive control (streptomycin)
was considerably larger compared to all the solvent extracts, as
expected. No zone was observed in the negative control.

Table 1: Zone of inhibition of O. sanctum  at different concentrations against test bacterial species [diameter of the zone of
inhibition is shown in mm (Mean ± SE)]. The highest values are indicated by blue bold font for each bacterial species

Sl.No. Microorganisms Methanol extract Petroleum ether extract n-hexane extract

25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%

1. Escherichia coli 9.33 ± 11.33 ± 11.67 ± 13 ± 9.33 ± 9.67 ± 10.67 ± 1 2 6.83 ± 8.83 ± 9.83 ± 11 ±
0.33 0.33 0.33 0.57 0.67 0.33 0.33 0.44 0.44 0.44 0.57

2 Bacillus megaterium 11.33 ± 11.83 ± 12.83 ± 13.83 ± 10 ± 10.33 ± 10.67 ± 13 ± 6.67 ± 7.33 ± 7.67 ± 10.67 ±
0.33 0.16 0.167 0.167  0.30 0.33 0.67 0.57 0.33 0.33 0.33  0.33

3 Agrobacterium 12 ± 14 ± 17.33 ± 18.67 ± 9 ± 11 ± 11.67 ± 12 ± 9.33 ± 12 ± 12.67 ± 15.67 ±
tumefaciens 2 0.57 0.67 0.67 0.57 0.57 0.33 0.57 0.33 0.57 1.45 1.76

Table 2: Zone of inhibition by O. gratissimum  at different concentrations against test bacterial species [diameter of the zone of
inhibition is shown in mm (Mean ± SE)]. The highest values are indicated by blue bold font for each bacterial species

Sl . Microorganisms Methanol extract Petroleum ether extract n-hexane extract

No. 25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%

1. Escherichia coli 10.33 ± 12 ± 13.33 ± 15.67 ± 9 ± 1 0 11 ± 12.67 ± 11 ± 11.33 ± 12 ± 12.67 ±
0.33 0.57 0.88 1.76 0.57 0.57 1.20 0.57 0.33 0.57 0.33

2. Bacillus 8.33 ± 8.67 ± 9.67 ± 13.33 ± 1 0 11.67 ± 12 ± 12.33 ± 10 ± 10.67 ± 11 ± 11.16 ±
megaterium 0.33 0.67 0.33 0.88 0.67 0.57 0.33 0.57 0.33 0.57 0.167

3. Agrobacterium 13  ± 14.33 ± 15.33 ± 20 ± 14 ± 16 ± 18.33 ± 18.67 ± 12.33 ± 13.67 ± 15 ± 19 ±
tumefaciens 0.57 1.20 0.33 0.57 0.57 0.57 0.88 0.88 0.88 0.33 0.57 0.57

Figure 1: Zones of inhibition of Bacillus megaterium against 100%
extracts of (A), (B), (C) O. gratissimum and (D), (E), (F)
O. basilicum . 1, 2, 3: three replications; (+): positive
control, (-) negative: control.

Activity of the methanolic extract of O. gratissimum was found
higher over that of O. sanctum against E. coli and A. tumefaciens,
except at 75% concentration, where the O. sanctum extract showed
higher activity (inhibition zone with diameter 17.33 ± 0.67 mm)
over O. gratissimum extract (15.33 ± 0.33 mm) against the later. In
case of B. megaterium; however, an almost opposite result was
found, where activity (diameter of inhibition zones) of the methanolic
extract of O. sanctum was higher over that of O. gratissimum in all
the concentrations. However, the activity of petroleum ether extract
of O. gratissimum was found higher over that of O. sanctum against
A. tumefaciens at all the concentrations. In case of other two bacterial
species, the petroleum ether extracts of both the tulsi species showed
near-equal activity in all the concentrations tested. On the other
hand, the n-hexane extract of O. gratissimum showed higher activity
over that of O. sanctum against all the three bacterial species
irrespective of their concentrations.

Considering the solvent system, irrespective of concentrations, the
activity of the methanolic extracts for both the tulsi species was
found to be the highest against all the three bacterial species followed
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by n-hexane and then by petroleum ether extract. Exception was
found in A. tumefaciens, against whom almost equal activities were
shown by the methanol and the n-hexane extracts. Among the three

bacterial species, the A. tumefaciens showed the highest susceptibility
to both the tulsi extracts at all the four concentrations in all the
solvents tested.

Figure 2: Tukey multiple comparison test for effects of various doses of treatments for individual extract showing significant
difference of means for zone of inhibition (values in the Y-axis) among the three bacteria species. Doses of petroleum
ether is not in the figure as it failed to show significant difference.  *, **, ***, **** indicate the level of significances
at p-value <0.05, <0.01, <0.001, <0.0001, respectively.
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Figure 3: Comparative performance study of the three extracts
as revealed by the significant mean differences for
zones of inhibition (values in the Y-axis) in the
bacteria species. *, **, ***, **** indicate the level of
significances at p-value <0.05, <0.01, <0.001, <0.0001,
respectively.

Between the two Ocimum species, relatively higher antibacterial
activity was found in O. gratissimum (the largest zone of inhibition
of diameter 20 ± 0.57 mm in methanolic extract against A. tumefaciens)
compared to O. sanctum (the largest zone of inhibition of diameter
18.67 ± 0.67 mm in methanolic extract against A. tumefaciens). As
expected, the highest concentration of the extract showed the
maximum inhibition of bacterial growth. With respect to the solvent
system used, we found that the methanol extract was the most

potent. Meanwhile, A. tumefaciens was the most vulnerable bacterial
species to the extracts of both the species of tulsi.

Statistically, among the concentrations of the respective extract, any
difference of 50% or above showed highly significant difference for
two extracts, namely; methanol and n-hexane (Figure 2).
Concentration difference below 50% for individual extract, difference
was nearly non-existent. This indicated similar concentrations of
different solvent-extracts had similar antibacterial activity. The effects
of the three concentrations of methanol extract on two bacterial
species were more prominent over n-hexane extract; all the bacterial
species responded equally to the various doses of n-hexane (Figure
2). However, all the concentrations of petroleum ether extract tested
could not show any significant difference for antibacterial activity
between any two doses against the three bacterial species. As we
applied Tukey multiple comparison tests to detect which out of
these three extracts at specific concentration showed higher
antibacterial activity; we compared the effects of specific
concentration of one extract with the same or higher concentration of
another extract. Although 3C4 comparisons were carried out, the
results showing significant difference for mean zones of inhibition
only are presented in Figure 3. The antibacterial activity was
significantly higher for methanol extract than that of n-hexane and
petroleum ether extracts at equal doses of 25%, 50%, 75% and
100%, respectively, indicating the efficacy of methanol extract over
the other two extracts. Even the doses of methanol at 25% and 50%
were superior over higher doses of n-hexane; the level of significance
was, however, different. The same was observed for methanol 75%
and petroleum ether 100% concentrations. However, we could rarely
detect any significant difference for antibacterial activity between
petroleum ether and n-hexane. We tried with three different extracts
with four doses out of which methanol was found to be relatively
effective against the bacterial species studied.

Figure 4: Growth-retarding activity of tulsi extracts (100%) against Fusarium oxysporum. (A), (B), (C) O. gratissimum; (E), (F), (G) O.
basilicum; (D) DMSO negative control; (H) Cyclohexamide positive control.
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3.2 Antifungal activities of Ocimum extract

Extract of four different solvent systems were tested against two
fungal plant-pathogens, viz., Fusarium oxysporum and F. solani, by
recording the zone of inhibition after 72 h. The presence or absence
of the zone of inhibition indicated susceptibility or resistance,
respectively, of the particular fungal pathogen against the specific
solvent extract. The antifungal activity of O. sanctum and O.
gratissimum were studied and the activities of their extracts at 100%
concentration are shown in Figure 4.

Similar to the bacterial assay, the antifungal activity of the four
solvent-extracts of both the tulsi species followed an increasing trend
with increased concentrations; the highest activity was found at the
highest concentration (100%). Pattern of inhibition zones was almost
similar for all the cases irrespective of solvents and concentrations.
However, the diameter of the inhibition zones was always the highest
with positive control and no inhibition zone was found in negative
control.

Figure 5: HPLC chromatograms of crude aqueous extracts of
(A) O. gratissimum and (B) O. sanctum.

Irrelevant to the solvent systems and extract concentrations used,
the O. gratissimum showed relatively higher antifungal activity
showing larger zones of inhibition.  Again, compared to F. solani, F.
oxysporum showed higher susceptibility to the extracts of both the
tulsi species showing smaller zones of inhibition. The same was
applicable for all the four extract concentrations and the solvents.
We did not see any significant qualitative differences in the antifungal
activities among the three solvent systems used.

The antifungal activities of the tulsi extracts depended on the solvent
used for extraction and the extract’s concentration. Relatively stronger
inhibition was observed in F. oxysporum than in F. solani. The
inhibition was independent of the solvent system used. It was also
clear that O. gratissimum had stronger antifungal property than O.
sanctum.

3.3 HPLC fingerprinting of crude Ocimum extracts

The HPLC chromatograms of the Ocimum extracts are presented in
the Figure 5. In methanol extract of O. sanctum and O. gratissimum,
the HPLC chromatograms gave 171 peaks and 145 peaks, respectively.
After background-deduction, 3 major peaks remained in methanolic
extract of O. sanctum at retention time (RT) of 3.37-7.72 mins and
12 peaks in O. gratissimum at RT of 3.84-12.21 min. Similarly, after
background-deduction, n-hexane extract revealed presence of 3 major
peaks in O. sanctum at RT of 0.640-20.73 min and 2 peaks in O.
gratissimum at RT of 5.58-6.03 min. Meanwhile, chromatograms of
the aqueous extract revealed the presence of 21 in O. sanctum at RT
of 0.16-26.470 min and 23 peaks in O. gratissimum at RT of 0.720-
25.117 min.

4.  Discussion

4.1 Ocimum extracts as antibacterial agent

The highest concentration of plant extract showing the strongest
antibacterial effect was nicely demonstrated by Bharathi et al. (2014)
in Ocimum itself with methanol extracts.  Shah et al. (2016) found
that O. gratissimum had more phytochemicals and antibacterial
properties compared to O. sanctum; in addition to the phytochemicals
present in O. sanctum, O. gratissimum also had an additional
compound, the saponins. They found that the methanolic extract
was the most potent against bacteria compared to hexane, petroleum
ether, water and ethanol. They tested antibacterial activities of tulsi
against E. coli, Bacillus cereus, Staphylococcus aureus, Klebsiella
pneumonia are,  Aspergillus niger and Pencillium notatum. It could
be hypothesized that the antibacterial compounds of tulsi were more
dissolved in methanol compared to the other solvents. Saurabh and
Komal (2017) while testing antimicrobial property of O. sanctum
found that the methanolic extract was the most effective against E.
coli. It should be noted that O. gratissimum is more vigorous and has
stronger smell (B.K. Borah et al., unpublished results); therefore, it
could also contain relatively higher amount of the antimicrobials.
This hypothesis is strongly supported by the findings of Giri (2017);
by GC analyses, they found that the eugenol content in the oil of O.
gratissimum (47.45%) was much higher than O. sanctum (17.23%).

We found various levels of susceptibility of different bacterial species
towards the same solvent extract of the same Ocimum species. In
general, A. tumefaciens was the most susceptible species, while the
E. coli was the least susceptible species. Various levels of antibacterial
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activity of tulsi essential oil were also reported earlier (Yamani et al.,
2016; Kumar et al., 2018). A. tumefaciens is known to be susceptible
to compounds present in many plants that are used for management
of the tumor caused by it. While Berrada et al. (2013) recommended
use of Coriaria myrtifolia extracts against A. tumefaciens, Bobbrala
et al. (2009) found that organic extracts of as many as 44 different
could be used against it.

Ratledge (1997) reported that the gram-negative bacteria are less
susceptible to essential oil than gram-positive bacteria due to the
presence of the outer membrane (Vaara, 1992). We found higher
antibacterial activity of tulsi extract against gram-negative A.
tumefaciens, but the other gram-negative bacteria (E. coli) showed
the least effect in O. sanctum and gram-positive bacteria, B.
megaterium, showed the least effect in O. gratissimum extracts. It is
possible that because we screened only three bacterial species, and
the results can not  be possibly generalized; but it is also possible
that E. coli, being an intestinal inhabitant, is frequently exposed to
many drugs and chemicals and therefore, has attained resistance
against common compounds present in tulsi extract. We need to test
this hypothesis with more number of bacterial species.

The exact mechanism of the antimicrobial properties of Ocimum is
not completely clear; nevertheless, multiple possible modes have
been hypothesized. These include cell wall degradation, damage to
cytoplasmic membrane resulting in leakage of cell contents,
coagulation of cell cytoplasm, depletion of proton motive force
(Bhattacharjya et al., 2019), inhibiting ATP production and inhibiting
bacteria quorum sensing system (Aiemsaard et al., 2014; Luís et al.,
2016). Earlier, Helander et al. (1998) found that the tulsi essentials
oils, mostly the monoterpenes, causes deterioration of cytoplasmic
membrane resulting in the expansion and high membrane fluidity.
This leads to membrane-disordering and inhibition of the enzymes
(Sikkema et al., 1995). This disruption of the cell causes leakage of
potassium ions (Cox et al., 2000). Besides, tulsi essential oils are
likely to exert their antibacterial effects by attacking more than one
target in the bacterial cells. For example, their hydrophobicity enables
them to sequester the membrane lipids, leading to leakage of cell
contents (Burt, 2004).

3.2 Ocimum extract against fungal species

Variable activity of tulsi extracts on fungi is well-known. Mohr et al.
(2017) reported significant antifungal effect of ethanol extract of O.
gratissimum on F. oxysporum f. sp. lycopersici and R. solani. Earlier,
Koba et al. (2009) found that the volatile oil of O. gratissimum
contains thymol, a class of phenol that was probably responsible
for antimicrobial properties. O. sanctum also showed weak antifungal
activities against few fungi, due to the presence of geranyl acetate
(Sethi et al., 2013). Later, Patil et al. (2017) found strong activity of
methanol extract of O. sanctum against Candida albicans and
Aspergillus niger; but only moderate activity against A. fumigatus
and mild activity against Microsporum gypseum and Trichophyton
rubrum. Filamentous fungi like F. solani, Penicillium funiculosum,
Rhizomuco rtauricus and Trichoderma reesi are also variably
susceptible to tulsi extract (Dharmagadda et al., 2005). Ethanol and
methanol extracts of O. basilicum also possess antifungal properties
(Kaya et al., 2008).

A previous study explained the antifungal activity of Ocimum by
the composition of essential oils. The terpenes in tulsi, such as
mono- and sesquiterpenes with aromatic rings and phenol groups,
can form hydrogen bonds with the active sites of enzymes showing
antimicrobial effects. Compounds such as alcohols, aldehydes, and
esters too contribute to the antimicrobial activity of tulsi (Belletti et
al., 2004). A subsequent study showed that the essential oils and
active ingredients of O. sanctum exert antifungal activity by disrupting
ergosterol biosynthesis and membrane integrity (Khan et al., 2010).
Linalol, estragol, eugenol and methyl cinnamate have been reported
as the principal antifungal ingredients of tulsi (Reuveni et al., 1984).
While some reports estragol as the major growth inhibitant of
Aspergillus niger, A. ochraceus, and Fusarium culmorum (Ozkan
and Erkmen, 2001), others report that the combination of linalol and
estragol are more effective against Rhizopus nigricansi (Alpsoy,
2010). On the other hand, eugenol better inhibited growth of Fusarium
oxysporum compared to linalool and estragol (Kocic-Tanackov et
al., 2011).

3.3 HPLC fingerprints of Ocimum extracts

There have been several reports of HPLC fingerprinting of tulsi. Das
et al. (2017) reported presence of 11 compounds in dark and 9
compounds in bright O. sanctum.  Deo et al. (2011) developed an
HPLC chromatograph in reversed phase column with detection at
254 nm, where methanol could resolve 10 and 11 peaks in O. sanctum
and O. kilimandsacharicum, respectively. However, they gave only
3 and 2 major, respectively, in aqueous extracts. We found different
HPLC fingerprints of O. sanctum and O. gratissimum which obviously
indicate the presence of different compounds and/ or their varied
relative amounts in different tulsi species.

HPLC profile of the tulsi extracts showing significant antimicrobial
activity can be used to identify tulsi species. Presence of similar
peaks may indicate presence of the same compound (to different
levels); and presence of different peaks may indicate presence of
different compounds. Same RTs or RTs with minor difference indicate
the presence of same metabolites. Similar conclusions were drawn
before when Shanaida et al. (2017) detected various amino acids:
aspartic acid, asparagine, serine, arginine, alanine, proline and
isoleucine in O. americanum seeds. Shafqatullah et al. (2014) detected
10 compounds in ethanolic extracts of O. sanctum; three were
identified as gallic acid, chloroganic acid and vanillic acid. HPLC with
respect to RTs can also be taken as references to identify the
compound; such differences might correlate with the observed
difference in their antimicrobial activities. Higher number of peaks in
the aqueous extracts could indicate the presence of primary
metabolite(s) along with the secondary ones in the extracts. The
phytochemicals in the extracts of Ocimum might act alone or in
combination in exerting their growth inhibition activity against
bacteria and fungi. In our study, although both the Ocimum showed
antimicrobial activities, the levels of activity, depended on: (i) the
microbial species (ii) the solvent, (iii) the extract concentration and,
(iv) the tulsi species. Correlating to this result, the two species also
showed different HPLC-profiles.

5.  Conclusion
Plants are still important source of medicines since the first
commercial natural product, morphine, was introduced by Merck in
1826. More than 80% of the population in the developing world still
depends on plants as source of medicines. Usage of majority of the
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plant-derived drugs is attributed to their ethnopharmacological
applications. Tulsi being an ethnically important medicinal plant, it
is essential to understand its useful properties and their modes of
action for purposing and repurposing its compounds. Although,
further research will be needed for realization of the plant’s complete
array of potentials, we believe that our work will pave a way in this
direction.
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