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Abstract

In recent years, the rapid growth in Antimicrobial resistance (AMR) has become a global concern.
Essential oils derived from plants that include bioactive components with proven antioxidative and
antibacterial activities could be a potential solution to arrest this problem. In this study, antibacterial
activities of DOTERRA essential oils such as Onguard, Clove, Teatree, Lavender and Eucalyptus were
evaluated with Indian essential oils against clinical pathogenic bacteria. The GC-MS study revealed
that cineole, terpinene, eucalyptol, and eugenol were the most prevalent bioactive components in
these essential oils. The purity of the essential oils was confirmed with zeta potential and white light
absorption spectrophotometer and shows that the Zeta potential of all the essential oils ranges from
-51.4 to 0 mV. Using agar well diffusion and Micro broth dilution procedures, the antimicrobial activity
of essential oils of clove, lavender, tea tree, eucalyptus, and On-Guard (combined) was assessed against
several multi-drug-resistant bacteria. The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of essential oils in aqueous and micellar solutions were determined
by Micro broth dilution techniques. The most effective antibacterial essential oils were clove, tea tree,
and On guard (a blended essential oil with a predominance of Limonene and Eugenol). The current
research could result in development of formulas that contain micelle or colloid suspensions of whole
essential oils such as clove, On-Guard, or Tea-Tree oil to aid in antimicrobial treatment.
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INTRODUCTION

In recent decades, antibiotics have been
the cornerstone of contemporary medicine, making
it possible to successfully opt for complicated
therapeutic options such as complex surgeries
and chemotherapy. Antimicrobial resistance,
however, is on the rise globally as microorganisms
have become resistant to multiple antibiotics
due to excessive use of antibiotics and epidemic
transmission of specific clones.! The unchecked
spread of antimicrobial resistance has significantly
curtailed the efficiency of antibiotics.? According
to historical evidence, the emergence of resistant
organisms has occurred after the introduction of
each new class of antibiotics.? The pipeline for new
antibiotics remains dry despite an aging society
and increased immunocompromised patients who
require antibacterial therapy.'* As an alternative to
traditional antibiotics, it is necessary to investigate
more recent choices, such as essential oils.

Essential oils, also known as volatile oils
or ethereal oils, are naturally occurring complex
molecular metabolic secretions of plants, whose
functions have not yet been fully comprehended.®
Plants have been the principal source of medicine
for thousands of years in rural areas of emerging
nations as well as the rest of the world.® Essential
oils are relatively common in the plant kingdom,
with some families having extremely high levels of
these compounds both in terms of quantity and
number.®

Volatile oils are made up of a complex
mixture of organic compounds that give them
their distinct note, which is determined by the
species, the time of year they are harvested, the
climate, and the precise plant component from
which they are collected. Extraction of essential
oils, by distilling or pressing the plant’s specific
parts, is an expensive process because of the large
amount of raw material required to produce a few
milliliters of oil.> Hydro distillation is one of the
frequent ways to purify volatile oils along with
hydro diffusion, and solvent extraction.” Terpenes
(mainly monoterpenes and sesquiterpenes),
terpenoids (oxygenated chemicals like phenols,
alcohols, aldehydes, ketones, or ethers), and
aromatic hydrocarbons make up the majority of
the composition. Some of these substances are
water-insoluble, whereas others are hydrophobic.®

Each essential oil differs in its constituents
thereby endowing each essential oil with unique
antibacterial effects.® Despite the fact that
essential oils have antibacterial properties,
little is known about their basic elements and
mechanisms of action. Essential oils have already
been used successfully in the treatment of a variety
of conditions such as urinary tract diseases,*
respiratory diseases,™ intestinal disorders,'> and
cutaneous wounds.*?

Natural essential oils have the potential
to be a formidable weapon against bacteria,
viruses, and fungi, among other ailments. Given
their low toxicity, accessibility, availability, and
commercial feasibility, essential oils have attracted
global interest. Furthermore, essential oils could
be used as disinfectants and air purifiers as these
can be dispersed as aerosols that could prove to
be animportant tool in fighting pandemics such as
COVID-19. The goal of this research was to learn
more about essential oils” antibacterial properties
so that an effective antibacterial blend could be
developed.

MATERIALS AND METHODS

Media, chemicals, essential oils and bacterial
strains

Essential Oils (EO) such as (Tea Tree,
Onguard, Eucalyptus, and Lavender) and antibiotics
are used in this study. These EOs are purchased
from Indian Market (non branded) as well as
from US based company DoTERRA. The antibiotic
discs of amikacin and Mueller-Hinton (MH) broth
were obtained from Himedia, India. Amikacin
is a very effective drug against gram negative
bacilli particularly multi drug resistant organisms.
The human clinical bacterial strains Escherichia
coli, Pseudomonas aeruginosa, Acinetobacter
baumanii, Staphylococcus aureus, Enterococcus
fecalis, and Klebsiella pneumoniae were obtained
from SRM Medical College Hospital patients and
isolated and confirmed with standard techniques.

GC-MS analysis

The essential oils were subjected to GC-
MS (Agilent Technologies GC-780B and MS-5977A)
analysis to characterize the functional compounds
in the EO. 1pl of essential oils was injected with
1:10 slit ratio with the injector operated at 250°C.
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The oven was initially programmed at 60°C for
2min then raised to 270°C at rate of 3°C/min for 10
minutes. The total run time was 87 minutes with
scan interval of 0.5 sec.' The mass spectral scan
range was set at 30-550 (m/z) and the peaks were
characterized by comparing with standard library.

Antimicrobial susceptibility testing (AMST)

The study was conducted on 100 clinical
strains obtained from patient samples. Ten strains
each of Staphylococcus aureus and Enterococcus
fecalis and twenty strains each of Escherichia
coli, Pseudomonas aeruginosa, Acinetobacter
baumanii, and Klebsiella pneumoniae were
included in the study. Of these, 40 strains of
bacteria belonged to the multidrug-resistant
category that is resistance to at least three classes
of drugs. The testing was conducted as per the
broad guidelines given by the Clinical & Laboratory
Standards Institute (CLSI).

Antimicrobial susceptibility test using essential
oils by agar well diffusion method*

The effect of the essential oils on the
bacteria was determined by the agar well diffusion
method. The isolated bacteria were inoculated
in peptone water and incubated at 37°C for 20
minutes. The turbidity was standardized to 0.5
McFarland turbidity. The Mueller-Hinton agar
plate surface was inoculated by swabbing the
standardized microbial suspension over the
entire agar surface. Essential oils were primed
in an organosulfur solvent DMSO (C2H60S) at
final concentrations of 20ug/ml, 30ug/ml, and
40ug/ml. Four wells of 8mm diameter were
punched aseptically with a sterile tip. Each well

got the designated volume of oils, along with
placement of amikacin disc which acted as the
positive control & a negative control of Millipore
water. The dispersion of oils in the well lasted
around 30 minutes at 25°C (room temperature).
The agar plates were incubated for 24 hours at
37°C. Plates were observed after incubation to
determine the zone of inhibition around the wells
which corresponded to antibacterial activity. The
diameter of the zone of inhibition was measured
in mm. This was carried out in triplicate and
the average diameter for each EO-bacteria
combination was noted. (Figure 1)

Antimicrobial susceptibility test using essential
oils by micro broth dilution method**

The Antimicrobial activity was carried
out using the broth microdilution method using
essential oils. Direct two-fold dilutions of each
essential oil were prepared in the fractions of 1,
0.5, 0.25, 0.125, and 0.06 using an organosulfur
solvent DMSO (C,H_0S). The test isolates were
standardized to 0.5 McFarland turbidity in
peptone broth. 200 pl of the bacterial suspension
was added to a 96-well microplate. Each row of
wells received an increasing concentration of
the prepared essential oil. The positive control
was a well with only the bacterial inoculum and
the negative control was Millipore water. The
microplate was incubated for 24 hours at 37°C.
Microplates were observed after incubation to
determine the minimum inhibitory concentration
(MIC) as the well showing no visible turbidity.
Minimum bactericidal concentration (MBC) was
also determined.

Antibiotic
control

Negative
control:

Zone of
inhibition by
essential oil

Figure 1. Agar well diffusion of essential oils: Figure 1A: Onguard and Figure 1B: Clove oil
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RESULTS

Nine essential oils were assessed for
their chemical composition and antibacterial
activity. Mass spectrometry revealed that On-
guard essential oil is the richest in Limonene
(43.86%) and Eugenol (40.84%), with lower
concentrations of Eugenol-acetate (4.05%) and
Caryophyllene (2.38%). Clove essential oil contains
in majority compounds such as Eugenol (58.71%),
Eugenol acetate (29.15%) and Caryophyllene
(8.04%) and p-Allylphenol (0.56%) in a very
minimal amount. Tea tree essential oil majorly
consists of (+)-Terpinen-4-ol (38.94%), Crithmene
(20.41%) and Terpinene (10.86%) and Eucalyptol
(5.31%) in a minute amount which is also a major
component of Eucalyptus oil. Eucalyptus essential
oil majorly consists of Eucalyptol (74.29%), L-o.-
Terpineol (11.84%) and B-Pinene (1.73%) and
a-Phellandrene (1.1%) in a very minute quantity.
Lavender oil was found to be potent in Linalyl
alcohol (32.43%), and Linalyl anthranilate (25.77%)

and consists of minimal amounts of Caryophyllene
(4.22%) and Linalyl acetate (4.42%). (Table 1)

Most of the tested essential oils have
a negative zeta potential value because of their
surface charge which interacts with the essential
oil. On Guard essential oil displayed a greater zeta
potential and demonstrated effective antibacterial
activity against pathogens in agar well diffusion
method. The lavender essential oil had zero as
the zeta potential value which showed lower
antibacterial activity against pathogens in agar
well diffusion method. The oil samples were
between 90 and 95 percent pure, with Tea Tree
and lavender being ionically neutral, according
to UV spectrophotometry. For the 200-400 nm
wavelength, the absorbance varied between 3.0
and 4.0. On guard essential oil had a maximum
value of -51.4 mV, while Lavender India had a
maximum value of 0 mV.

Antibacterial activities of the
essential oil compounds were tested against
100 bacterial strains belonging to Escherichia

RESISTANCE AGAINST SELECTED ANTIBIOTICS

100
90 86.2
80 68.5
g 70 59.2
w60 53.8
= 50 £ 43.8
E 40 : 0
@ 29.2 29.2 30
o 30
20
10
0
& (& 3 Sa N S & & § g
& OQ’V N S & & N N <<\,0 <<\,°
- & & S & ¥ & K S
F$ NS X & © vy & &
N S <& < © & o
S < Q& < <
Q’\? Q¥ 06 0(9 N Qg’v
& & & © o
&. (;(, A
>

CLASS OF ANTIBIOTICS : SELECTED ANTIBIOTICS

Figure 2. Resistance of the bacterial isolates against selected antibiotics
Abbreviations used: BL+BLI= B-LACTAMS+ B LACTAMS INHIBITORS; G. CEPH=GENERATION CEPHALOSPORINS; AG=

AMINOGLYCOSIDES, FQ=FLUOROQUINOLONES
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coli, Pseudomonas aeruginosa, Acinetobacter
baumanii, Staphylococcus aureus, Enterococcus
fecalis, and Klebsiella pneumoniae by well
diffusion and the broth microdilution method.
The antibiotic susceptibility of the test isolates to
selected antibiotics revealed that high degree of
resistance is noted to penicillin, early generation
of cephalosporins and fluoroquinolones while
injectable drugs such as aminoglycosides and
carbapenems are more effective (Figure 2).

In the well diffusion testing, Tea tree
(DOTERRA) oil showed the maximum zone of
inhibition against Klebsiella pneumoniae (27mm
at 20 ug/ml) and Escherichia coli (26mm at 20 ug/
ml). Clove oil (I) demonstrated the maximum zone
of inhibition against Acinetobacter baumanii (36
mm at 20 ug/ml); Enterococcus fecalis (37mm at
20 ug/ml) and Pseudomonas aeruginosa(24 mm at
20 ug/ml). Staphylococcus aureus was maximally
inhibited at Tea tree (I) showing a zone of inhibition
of 32 mm at 20 ug/ml. The essential oils were
tested in increasing concentrations against the
pathogens (20 ug/ml, 30 ug/ml, and 40 ug/ml)
which paralleled a corresponding increase in the
zone of inhibition. There was no major difference
in the effect of essential oils against the relatively
sensitive strains as well as against the multidrug
resistant bacteria. The details of the average zone
of inhibition in mm against different bacteria are
detailed in Table 2.

In the micro broth dilution test,
the MIC of Onguard was 0.06 ug/ml against
Klebsiella pneumoniae, Enterococcus fecalis,
and Escherichia coli while clove oil DoTERRA

Table 1. GC-MS of essential oils: Major components

showed MIC of 0.06 ug/ml against Acinetobacter
baumanii and Pseudomonas aeruginosa. Clove
oil () demonstrated MIC of 0.06 ug/ml against
Staphylococcus aureus, Enterococcus fecalis, and
Klebsiella pneumoniae. The highest antibacterial
effect was expressed by Clove oil, On-guard,
and Tea tree oil. Lavender and eucalyptus oil did
not show strong antibacterial activity. (Table 3).
Reversal of antibiotic resistance was not noted as
combination of Essentia oil and antibiotics was not
tested.

DISCUSSION

Due to excessive use of antibiotics, drug
resistance genes have been transmitted across
the globe leading to proliferation of multi drug
resistant microorganisms. These bacteria even
become a part of the individual’s microbiome
and can subsequently lead to infections that
are challenging to treat with conventional
antibiotics.! To combat the developing resistance
of microorganisms to antibiotics, the spotlight
has focused on natural compounds, such as
essential oils, as a source of powerful antibacterial
compounds. Multiple papers have highlighted the
use of essential oils as antibacterial agents.**3

Plant extracts consist of complex
mixtures of major compounds and their secondary
metabolites which may have possible synergistic
effects on the inhibition of bacteria. The use of
natural materials as antimicrobial agents has a
number of additional benefits, including higher
patient tolerance, lower risk of side effects, cost-

D-Limnene (43%), Eugenol)(40%), Phenol-2-Methoxy-4-(2-propenyl)-acetate (4%),

(+)-Terpinen-4-ol (38.94%), Crithmene (20.41%), Terpinene (10.86%), Eucalyptol (5.31%)
Linalyl alcohol (32.43%), Linalyl anthranilate (25.77%), Caryophyllene (4.22%), Linalyl acetate

ON guard
Caryophyllene (2.3), 2-Prpenal 3-phenyl (1.9%), Cinnamaldehyde (E) (1.3%)
Tea tree
Lavender
(4.42%).
Eucalyptus Eucalyptol (74.29%), L-a-Terpineol (11.84%), B- Pinene (1.73%), B-Phellandrene (1.1%)
Clove

Tea tree India
Lavender India
(5.69%).
Eucalyptus India
Clove India

Eugenol (58.71%), Eugenol acetate (29.15%), Caryophyllene (8.04%), p-Allylphenol (0.56%)
(+)-Terpinen-4-ol (34.6%), Crithmene (24.14%), Terpinene (12.54%), Eucalyptol (3.36%)
Linalyl alcohol (29.87%), Linalyl anthranilate (26.21%), Caryophyllene (4.51%), Linalyl acetate

Eucalyptol (78.96), L-a-Terpineol (8.35%), B-Pinene (1.53%), B-Phellandrene (1.21%)
Eugenol (57.82%), Eugenol acetate (30.17%), Caryophyllene (8.59%), p-Allylphenol (0.31%)
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Table 2. Average zone of inhibition of essential oils against bacteria

Bacterium Conc. E. coli Klebsiella Acinetobacter Pseudomonas Staphylococcus Enterococcus
pg/ul pneumoniae baumanii aeruginosa aureus spp
Essential Oils
On-guard 20 15 20 23 20 15 10
30 18 22 24 21 17 13
40 21 24 25 25 19 15
Tea tree DT 20 26 27 25 14 23 8
30 33 30 30 15 27 10
40 40 33 35 16 35 12
Tea tree | 20 11 7 21 14 32 9
30 12 9 23 16 36 11
40 15 10 24 17 38 12
Eucalyptus DT 20 19 15 19 14 16 7
30 20 16 20 17 17 8
40 21 17 22 18 18 11
Eucalyptus | 20 11 16 15 7 10 6
30 12 17 19 9 14 7
40 13 19 19 10 16 9
Lavender DT 20 9 6 12 20 14 11
30 10 7 17 22 16 12
40 13 8 18 24 19 15
Lavender | 20 9 6 12 13 9 9
30 10 7 15 15 11 10
40 12 9 17 16 14 13
Clove DT 20 16 16 35 11 19 35
30 17 17 37 14 20 36
40 18 18 38 15 23 37
Clove | 20 20 17 36 24 21 37
30 23 19 37 26 23 38
40 24 20 39 29 24 39

effectiveness, and widespread acceptance due
to their long history of use, renewability, and
improved biodegradability.'®

Numerous factors, including genotype,
environment, seasonal fluctuations, soil
composition, plant organ, and harvesting time, can
affect the diversity of the chemical composition
of essential oils. The geographical origin of the
plant, the organ, and the method of extraction
are three factors that have a significant impact on
the chemical makeup of essential oils.'” Therefore,
it is crucial to determine the precise makeup of
essential oils and detect any impurities. In our
study, the exact composition of similar oil obtained
from two manufacturers showed minor changes
in the compositions while the proportions of the
constituents differed from each manufacturer.
This may explain the difference in the results of
the AMST where different brands show slight

variations in zone sizes and MICs.

This study evidenced that Clove as well
as Tea tree EO, show favorable bacteriocidal
properties as they contain compounds such as
eugenol and terpinen-4-ol having high antiseptic
and antifungal properties. These EOs are therefore
widely used in traditional medicine for treating
various skin infections caused by bacteria and
fungi. On guard oil is a blended oil with a
predominance of Limonene and Eugenol which
contributes to its antibacterial properties. The
phytochemical compounds a-linalool, linalyl
acetate, and -alpha terpinyl acetate are abundant
in lavender essential oil, enhancing its role in
treating epilepsy and insomnia.

Zeta potential was strongly influenced
by the impurities. From the experimental results
that most of the essential oils have negative zeta
potential value indicates the purity of the oils and
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Table 3. Average zone of inhibition of essential oils against bacteria

Minimum Inhibitory Concentration (ug/ml)

Essential Oils Clove Clove Lavender Lavender Tea Tea Eucalyptus Eucalyptus On-

| DT | DT  treel tree | DT guard
DT

Bacterium

E. coli 0.11 0.11 0.17 0.29 0.29 0.09 0.3 0.3 0.06

Klebsiella pneumoniae 0.06 0.11 0.17 0.29 0.29 0.09 0.18 0.3 0.06

Acinetobacter baumanii 0.11 0.06 0.29 0.29 0.09 0.09 0.3 0.3 0.12

Pseudomonas aeruginosa  0.11  0.06 0.17 0.17 0.09 0.09 0.3 0.18 0.12

Enterococcus spp 0.6 0.06 0.17 0.29 0.09 0.29 0.18 0.3 0.06

Staphylococcus aureus 0.6 0.11 0.29 0.29 0.29 0.09 0.3 0.18 0.12

their surface charge is adequate to interact with
bacteria.

In this study, Onguard oil, Tea Tree oil,
and Clove oil all demonstrated strong overall
antibacterial effects. This was reflected by other
researchers with Puvaca et al. concluding that tea
tree oil demonstrated the strongest antimicrobial
effect’® and Santa et al. demonstrating the
antibacterial effect of clove EO against E. coli.*®
Microbicide activity of clove essential oil has
also been described by Anwer et al.,? Cui et al.,**
and Moon et al.?? The antimicrobial properties
of Tea tree oil have been detailed by Li et al.,?®
Raman et al.,?* Gustafson et al.,?® and Park et al.?®
On guard is a new blended essential oil which is
being described first in this paper in reference to
its antibacterial activity.

Though the results broadly corroborated
in both the methods, the discrepancy in well
diffusion results versus the broth micro dilution
can be explained by the low water solubility
coefficient of the essential oil in the agar that
makes the inhibition zone difficult to compare with
the results obtained by the dilution method."’

Previous research has indicated that the
mechanism of action of EOs are mainly the damage
of the membrane integrity and the resulting
increased permeability which leads to cell lysis.?”
The targets of EOs differ from those of traditional
antibiotics. EOs are also known to have a greater
effect on Gram-positive bacteria as compared to
Gram-negative bacteria.?’ However, in this study,
the tested EOs showed a significant inhibitory
effect on gram negative bacteria, including on
multiple carbapenem resistant bacteria. This is

also reflected in recent research where tea tree oils
has shown reduced colonization with Carbapenem
resistant Serratia.?® Clove oil and cinnamon oils
have also shown effect against pathogens.*3*With
limited options for safe antibiotic therapy, the
utility of essential oils in treating MDR pathogens
is evidenced in this study.

Limitation of this study

No firm guidelines for the testing
methodology or interpretation of the zone sizes/
MICs have been published, so only the increasing
zone sizes can be noted.

Although the study indicated promising
results for the researched essential oils’
effectiveness against pathogenic bacteria in vitro,
these results may not yet be replicated in vivo.

Due to their high volatility, administering
EOs to produce the appropriate effects might
be difficult. Therefore, efforts based on
nanotechnology for creating nanoscaled carriers
for their effective delivery could present a
potential answer.?:3

CONCLUSION

This research evidenced higher
antimicrobial activity of clove essential oil, tea tree
essential oil and On Guard essential oil towards
Escherichia coli, Pseudomonas aeruginosa,
Acinetobacter baumanii, Staphylococcus aureus,
Enterococcus fecalis, and Klebsiella pneumoniae
as compared to Lavender and eucalyptus essential
oils. Based on these in vitro results, additional in
vivo study is required to completely assess the
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examined essential oils” antimicrobial efficacy.
Newer delivery methods are necessary to fully
explore the benefits of essential oils.
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