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INTRODUCTION

Medicinal plants have been used for centuries by traditional 
medicine, first in India and China. In the ancient Western 
world, the Greeks contributed significantly to the rational 
development of herbal drugs with Hippocrates (460-377 BC), 
Aristotle (384-322), and Theophratus (circa 300 BC) to have 
dealt with the medicinal properties of herbs. According to 
the World Health Organization, still about 80% of the world 
population depends on traditional medicine for primary 
healthcare, especially in the developing countries [1,2]. Plant 

essential oils have formed the basis of pharmaceuticals and 
natural therapies being used for a wide variety of purposes, from 
treating infectious, systematic and inflammatory diseases to 
food preservation, and perfume and cosmetics production [3,4].

Over the past years, the emergence of drug-resistant pathogens 
has drawn attention on medicinal plants and their metabolites 
for potential antimicrobial properties. Multidrug-resistant 
Pseudomonas aeruginosa, Acinetobacter baumannii, extended-
spectrum-beta-lactamase (ESBL) producing Escherichia 
coli, and carbapenemase-producing Klebsiella pneumoniae 
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have become a worldwide major problem in the hospital 
environment and are the main causes of hospital-acquired 
infections or healthcare-associated infections, not excluding 
their potential of transmission in the community [5,6]. Such 
bacterial isolates can be resistant to all currently available 
antibiotics or may remain susceptible only to past agents such 
as the polymyxins [7].

One of the actions to mitigate the drug-resistance problem 
includes the development of new antimicrobials and in 
this sense essential oils are being investigated for potential 
antibacterial activities. Many plant oils or extracts have been 
reported to have antimicrobial properties and this is attributed 
to their ability to synthesize aromatic substances, most of 
which are phenols or oxygen-substituted derivatives [8,9]. 
However, most of the published studies deal with either non-
pathogenic or reference bacterial strains and there is a scarcity 
of data about wild multidrug resistant isolates. The objective of 
this study was to determine the antimicrobial activity against 
multidrug resistant Gram-negative bacteria isolated from 
clinical samples, of plant essential oils, which are widely used 
in studies with non-pathogenic or reference strains but their 
actual effect against resistant pathogens is hardly addressed in 
the available literature.

MATERIALS AND METHODS

Microorganisms

The bacterial strains used in this study were A. baumannii (n = 6), 
E. coli (n = 4), K. pneumoniae (n = 7) and P. aeruginosa (n = 
5), isolated from blood cultures (n = 9), urine (n = 5), vascular 
catheters (n = 2), and wound swabs (n = 6) collected from 
equal number of hospitalized patients entering the University 
Hospital of Ioannina, Greece. Based on the susceptibility tests 
[Table 1] all the K. pneumoniae isolates were carbapenemase-
producing and the E. coli isolates were producing ESBLs. Among 
the K. pneumoniae strains producing carbapenemases, four were 
resistant to all tested antibiotics, while the rest were sensitive 
only to colistin. Resistant bacteria to colistin and tigecycline 
were further confirmed by the E-test (BioMerieux SA, France).

The isolation of the bacterial strains used in the present study 
was performed according to the following routine procedures 
employed by the Clinical Microbiology Laboratory of the 
University Hospital of Ioannina:
1.	 Blood specimens were inoculated directly into Bact/Alert® 

(BioMerieux SA, France) disposable culture bottles containing 
30 ml of liquid substrate consisted of 22 ml of complex media 
and 8 ml of a charcoal suspension. The media component 
consists of soybean-casein digest (2.0%  w/v), brain heart 
infusion solids (0.1% w/v), sodium polyanethol sulfonate 
(SPS) (0.05% w/v), pyridoxine HCl (0.001% w/v), menadione 
(0.0000725%  w/v), hemin (0.000725%  w/v), L-cysteine 
(0.03% w/v), and other complex amino acid and carbohydrate 
substrates in purified water. Moreover, the bottles contain an 
atmosphere of carbon dioxide (CO2) in oxygen under vacuum. 
The Bact/Alert® disposable culture bottles are commercially 

available, ready-to-be-used with the Bact/Alert® Microbial 
Detection System (BioMerieux SA, France), which is a fully 
automated blood culture system for detecting bacteremia, 
utilizing a colorimetric sensor and reflected light to monitor 
the presence and production of CO2 dissolved in the culture 
medium. When the growth of the microorganism produces 
CO2, the color of the gas-permeable sensor installed in the 
bottom of each culture bottle changes from blue-green to 
yellow. The lighter color results in an increase of reflectance 
units monitored by the system. Bottle reflectance is monitored 
and recorded by the instrument every 10 min.

2.	 Urine specimens were inoculated on Uricult Plus media 
(Orion Diagnostica, Finland), which are intended for 
diagnosing urinary tract infections by demonstration 
and presumptive detection of total bacteria count, 
Gram-negative bacteria, Enterococci, and E. coli in urine 
samples. Uricult Plus is a dip-slide system based on three 
agar media: The Cystine-lactose electrolyte-deficient 
agar intended for the determination of the total bacterial 
count in urine samples, the selective Mac Conkey agar 
supporting the growth of Gram-negative bacteria and the 
selective Enterococcus medium intended specifically for 
the detection of enterococci. The Uricult Plus slide-plates 
were incubated at 37°C for 24-48 h.

3.	 Vascular catheters and wound swabs were cultured in blood 
agar, Mac Conkey agar (Oxoid, UK), Mannitol salt agar 
(Oxoid, UK), and Sabouraud Dextrose agar (Oxoid, UK) 
plates and were incubated at 37°C for 24-48 h.

Identification to species level was performed using the VITEK® 2 
automated system (BioMerieux SA, France). This system uses 
advanced colorimetry, an identification technology enabling 
identification of routine clinical isolates (bacteria, yeast), and 
antibiotic susceptibility testing and resistance mechanism 
detection.

The selected Gram-negative isolates were stored at –70°C in 
Microbank® beads (Prolab diagnostics, Canada), a ready-to-use 
system for storage and retrieval of bacterial isolates, which is 
comprised of cryovials incorporating treated beads and a special 
cryopreservative solution enhancing longer survival of the 
fastidious microorganisms and higher quantitative recoveries. 
Prior to any experimentation, the so cryopreserved isolates were 
revived by subculturing in appropriate culture media.

The susceptibility testing was performed using the VITEK®2 
automated system and the E-test (BioMerieux SA, France). 
Susceptibility to the following antibiotics was tested: 
Aminoglycosides (amikacin, gentamicin, netilmicin, and 
tobramycin), carbapenems (doripenem, imipenem, and 
meropenem), cephalosporins (cefalotin, cefepime, cefixime, 
cefotaxime, cefoxitin, ceftazidime, ceftriaxone, cefuroxime, 
and cefuroxime axetil), monobactams (aztreonam), nitrofurans 
(nitrofurantoin), penicillins (ampicillin, piperacillin, and 
ticarcillin), penicillin combinations (amoxicillin/clavulanate, 
ampicillin/sulbactam, piperacillin/tazobactam, and ticarcillin/
clavulanate), quinolones (ciprofloxacin, levofloxacin, 
moxifloxacin, nalidixic acid, and ofloxacin), polypeptides 
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(colistin), sulfonamides (trimethoprim/sulfamethoxazole) 
tetracyclines (minocycline and tetracycline), and tigecycline.

Essential Oils

The following five essential oils supplied by Sigma-Aldrich Co 
(Germany) were tested for antimicrobial properties:

Basil oil (FCC, comorictype, W211907), Ocimum basilicum 
L. (Lamiaceae).

Chamomile blue oil (W227307), Matricaria chamomilla, 
L. (Asteraceae).

Origanum oil (FCC, W282812), Thymus capitatus, L. (Labiatae).

Tea tree oil (W390208, Melaleuca alternifolia, (Myrtaceae).

Thyme oil-white (FCC, Kosher, W306509), Thymus vulgaris, 
L. (Lamiaceae).

For the used commercial oils, the supplier provided no data 
about their contents or chemical analysis, which is presumed 
to be the company’s copyright. However, a simple chemical 
analysis was performed in order to have a gross estimate of the 
components of the employed essential oils. For the identification 
of the components a QP 5000 Shimadzu instrument, equipped 
with a capillary column DB-5-MS, 30 × 0.32 mm, 0.25 μm, 
containing 5% phenyl-methylpolysiloxane (J&W Scientific, 
Folsom, CA, USA) was employed. The gas chromatography oven 

temperature was programmed as follows: initial temperature 
55°C ramped at 5°C/min to 200°C, ramped 1°C/min to 210 (held 
for 2 min), and finally rampedto 270°C at 20°C/min and held 
for 3 min. The injector was set to 240°C in the splitless mode. 
The ion source and transfer were kept at 240°C and 290°C, 
respectively. In the full-scan mode, electronic ionization mass 
spectra at m/z of 50-450 were recorded at 70 eV. Helium was 
used as the carrier gas at 1.5 mL/min.

Determination of Minimum Inhibitory Concentration 
(MIC) and Minimum Bactericidal Concentration (MBC)

Broth macrodilution assays were performed to determine the 
MIC and MBC for each essential oil, according to the Clinical 
and Laboratories Standards Institute (CLSI) protocol M7-A8 
with some modifications [10].

Each essential oil was dispersed in a sterile tube containing 
Mueller-Hinton broth (MHB, Oxoid, UK) and was vortexed 
at room temperature, to obtain an initial stock solution of 8% 
(v/v). Subsequently, serial double-fold dilutions were prepared 
in sterile tubes containing MHB supplemented with 0.5% (v/v) 
Tween 20 (Serva, Germany). The final concentrations of each 
essential oil were 4, 2, 1, 0.5, 0.25, and 0.125 (v/v).

Overnight bacterial cultures on Mueller-Hinton agar (MHA, 
Oxoid, UK) were used to prepare the bacterial inocula. 
Each inoculum was adjusted with sterile saline to obtain 
the final suspension with turbidity analogous to that of 0.5 
McFarland Standards, which equals to a concentration of 

Table 1: Antimicrobial susceptibility testing
Isolate Aminoglycosides Carbapenems Cephalosporins Monobactams Nitrofurans Penicillins Penicillin 

combinations
Quinolones Polypeptides 

(colistin)
Sulfonamides Tetracyclines Tigecycline

A.b† 1 ur‡ R# R R R R R R R S R R S
A.b 2 ws R R R R NT R R R S R R S
A.b 3 ws R R R R NT R R R S R R S
A.b 4 bl R R R R NT R R R S R R S
A.b 5 ur R* R R R R R R R S R R S
A.b 6 bl R R R R NT R R R S R R S
E.c 1 bl R R R S NT R R R S R S S
E.c 2 ws S R R R NT R R R S S S S
E.c 3 bl R R R R NT R R R S R R S
E.c 4 bl R R R R NT R R R S R S S
K.p 1 ca R R R R NT R R R R**** R R R****
K.p 2 ws R R R R NT R R R S R R R****
K.p 3 ur R R R R R R R R R**** R R R****
K.p 4 ur R R R R R R R R S R R S
K.p 5 ur R R R R R R R R S R R R****
K.p 6 bl R R R R NT R R R R**** R R R****
K.p 7 bl R R R R NT R R R R**** R R R****
P.a 1 bl R R R R NT R R R S R R R
P.a 2 ca R R R R NT R R R S R R R
P.a 3 bl R** R R I NT R R R S R R R
P.a 4 ws I*** R R R NT R R R S R R R
P.a 5 ws R** R R R NT R R R S R R R

†A.b: Acinetobacter baumannii, E.c: Escherichia coli, K.p: Klebsiella pneumoniae, P.a: Pseudomonas aeruginosa, ‡bl: Blood cultures, ur: Urine, 
ca: Vascular catheters, ws: Wound swabs, #S: Sensitive, R: Resistant, I: Intermediate, NT: Not tested, *Gentamicin: S, **Gentamicin: I, Tobramycin: I, 
***Amikacin: R, ****confirmed by E‑test, Aminoglycosides: Amikacin, Gentamicin, Netilmicin, Tobramycin, Carbapenems: Doripenem, Imipenem, 
Meropenem, Cephalosporins: Cefalotin, Cefepime, Cefixime, Cefotaxime, Cefoxitin, Ceftazidime, Ceftriaxone, Cefuroxime, Cefuroxime axetil, 
Monobactams: Aztreonam, Nitrofurans: Nitrofurantoin, Penicillins: Ampicillin, Piperacillin, Ticarcillin, Penicillin combinations: Amoxicillin/
Clavulanate, Ampicillin/Sulbactam, Piperacillin/Tazobactam, Ticarcillin/Clavulanate, Quinolones: Ciprofloxacin, Levofloxacin, Nalidixic Acid, 
Moxifloxacin, Ofloxacin, Polypeptides: Colistin, Sulfonamides: Trimethoprim/Sulfamethoxazole, Tetracyclines: Minocycline, Tetracycline, Tigecycline
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1-1.5 × 108 cfu/ml [11,12]. About 10 μl of the prepared bacterial 
inoculum were transferred to each tube containing the serial 
double-fold dilutions of the essential oil, giving a final bacterial 
concentration of 5 × 105 cfu/ml. The tubes were incubated 
aerobically at 37°C for 48 h. After the end of incubation, 10 μl of 
each dilution was inoculated onto MHA plates and incubated at 
37°C for 24 and 48 h in order to determine the MIC and MBC, 
respectively. The MIC and MBC values were determined by 
viable counts in MHA, and the MIC was defined as the lowest 
concentration at which the inoculum viability was reduced up 
to 90% and MBC was defined as the lowest concentration at 
which the inoculum viability was reduced up to 99.9% or no 
apparent growth occurred [13].

Statistical Analysis

Statistical analysis was performed in SPSS (version  22.0. 
Armonk, NY: IBM Corp). The exhibited MICs and MBCs were 
grouped according to oil type and checked for normality by the 
Shapiro-Wilk test. Comparison between oil types was performed 
by one-way ANOVA, whereas differences between oil types were 
estimated by the Turkey’s test.

RESULTS

The antimicrobial susceptibility of the tested clinical isolates 
is presented in Table 1, and the MIC and MBC values of the 
selected essential oils against the tested drug-resistant isolates 
are presented in Tables  2 and 3. Basil, origanum, tea tree, 
and thyme essential oils presented antibacterial activity, but 
chamomile blue oil demonstrated no antibacterial action at 
all. The tea tree oil demonstrated consistent antimicrobial 
activity against all the tested clinical isolates and all four oils 
inhibited growth of A. baumanii isolates. However, origanum, 
thyme, and basil oils antigrowth effect on P. aeruginosa was 
poor [Tables 2 and 3].

Statistically significant differences between the tested 
essential oils were determined by one-way ANOVA 
(F [3,133] = 7.403, P = 0.002). The Basil oil’s MIC and MBC 
values were significantly higher than the origanum and tea tree 
oil respective values (P < 0.05), but not statistically different 
than the thyme oil’s values. The thyme oil MICs and MBCs 
were significantly higher than the tea tree oil relevant values 
(P < 0.05), but not statistically different than the origanum oil 
corresponding values. For the tea tree oil, the recorded MIC and 
MBC values were not statistically different (P < 0.05), than the 
origanum oil respective values.

Regarding the chemical composition of the essential oils used 
in this study, the most abundant component in the case of basil 
oil was estragole. Carvacrol and thymol were identified as main 
constituents of origanum oil. The composition of tea tree oil 
presented high contents of terpinen-4-ol and p-cymene. The 
prevailing molecules of thyme oil were thymol, p-cymene, and 
linalool. Chamomile blue oil was rich in bisabolol and trans-b-
farnesene. Typical chromatograms of the essential oils examined 
are shown in Figure 1.

DISCUSSION

The rapid evolution and spread of resistance among clinically 
important bacterial species constitutes a significant issue 
of outmost importance for public health. The emergence 
of antimicrobial resistance is the consequence of selective 
pressure imposed to microorganisms by the excessive use 
of antimicrobials mostly in the medical and veterinary 

Table 2: Range of MIC and MBC values (% v/v) of selected essential oils against the tested bacteria
Bacterial strains Basil oil Origanum oil Tea tree oil Thyme oil Chamomile blue oil

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

A. baumanni 0.50‑1.25 0.50‑1.5 0.25‑0.37 0.25‑0.37 0.12‑0.25 0.25 0.25‑0.50 0.25‑0.50 >4 >4
E. coli 1‑3 1‑3 0.37‑0.75 0.37‑0.75 0.50‑0.75 0.50‑0.75 1‑2.50 1‑2.50 >4 >4
K. pneumoniae 1.50‑3 1.50‑4 1 1‑2 0.50‑0.75 0.50‑0.75 0.50‑1.50 1‑2 >4 >4
P. aeruginosa 4‑>4 4‑>4 2‑4 2‑4 1‑1.50 1‑2 4 4 >4 >4

E. coli: Escherichia coli, K. pneumoniae: Klebsiella pneumoniae, P. aeruginosa: Pseudomonas aeruginosa, A. baumannii: Acinetobacter baumannii, 
MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration

Table 3: MIC and MBC values (% v/v) of selected essential oils 
against A. baumannii (1‑6), E. coli (7‑10), K. pneumoniae (11‑17) 
and P. aeruginosa (18‑22)

Basil oil Origanum oil Tea Tree oil Thyme oil Chamomile 
blue oil

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 0.50 0.50 0.25 0.37 0.25 0.25 0.25 0.25 >4 >4
2 0.75 1.25 0.37 0.37 0.25 0.25 0.37 0.37 >4 >4
3 1.25 1.50 0.37 0.37 0.25 0.25 0.50 0.50 >4 >4
4 1 1 0.25 0.25 0.25 0.25 0.37 0.37 >4 >4
5 0.50 0.50 0.25 0.25 0.12 0.25 0.25 0.50 >4 >4
6 0.50 1 0.25 0.25 0.25 0.25 0.25 0.25 >4 >4

7 2 3 0.50 0.50 0.50 0.50 1 1.50 >4 >4
8 2 2 0.50 0.50 0.50 0.75 1 1 >4 >4
9 3 3 0.37 0.37 0.50 0.50 1 1 >4 >4
10 1 1 0.75 0.75 0.75 0.75 2.50 2.50 >4 >4

11 2 2 1 1 0.50 0.50 1.50 1.50 >4 >4
12 2 2 1 1 0.50 0.50 1 1.50 >4 >4
13 3 3 1 1.50 0.50 0.75 1 1.50 >4 >4
14 2 2 1 2 0.50 0.50 0.50 1 >4 >4
15 1.50 1.50 1 1.50 0.50 0.75 1 1 >4 >4
16 2 2 1 1.50 0.50 0.50 1 1 >4 >4
17 2 4 1 1 0.75 0.75 1 2 >4 >4

18 >4 >4 2 2 1 1 4 4 >4 >4
19 >4 >4 3 3 1 1 4 4 >4 >4
20 4 4 4 4 1.50 1.50 4 4 >4 >4
21 4 4 2 2 1 2 4 4 >4 >4
22 4 4 4 4 1 1 4 4 >4 >4

E. coli: Escherichia coli, K. pneumoniae: Klebsiella pneumoniae, 
P. aeruginosa: Pseudomonas aeruginosa, A. baumannii: Acinetobacter 
baumannii, MIC: Minimum inhibitory concentration, MBC: Minimum 
bactericidal concentration
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practices. The major issue of this important health problem 
is that the appearance of resistance to antibiotics reduces the 
currently available therapeutic options for the treatment of 
infectious diseases signifying the need for the development 
of new antibiotic compounds. Plants produce a vast variety 
of phytochemicals that demonstrate a diversity of medicinal 
properties including antimicrobial effects. The principal 
phytochemicals present in plants are essential oils, phenolic 
compounds, alkaloids, polypeptides, and polyacetylenes [9].

Essential oils have shown antimicrobial properties against a 
number of Gram-negative and Gram-positive bacteria and in 
overall, their activity against the microbial cells of the same 
genera and species determined under the same conditions 
appears to be similar. However, some bacterial isolates may show 
a different response in comparison to the type strains [14,15]. 
Hence, to reach a decision on the antimicrobial activities of 
essential oils, it is important to use strains from different origins 
in order to simulate a more realistic situation instead of just 
using reference strains that may not reflect the actual behavior 
of the strains that can be found in nature, particularly in the 
clinical practice. The majority of the available published studies 
make use of reference strains, not clinical multidrug resistant 
isolates, and variable findings are recorded due to the diversity 
of the used methodologies.

Pertaining to the specific essential oils and isolates used in 
the present study, there are only two publications concerning 
the antimicrobial effect against clinical isolates. According 
to da Costa et al. [16] origanum oil inhibited A. baumannii, 
E. coli, and K. pneumoniae clinical isolates at MIC 0.12% 
(v/v) and P. aeruoginosa at 0.5% (v/v), while in our study it 
was significantly less effective (by 2SD). Hammer et al. [17] 
testing the tea tree oil toward clinical isolates, reported for 
A. baumannii and P. aeruoginosa MIC values 1% and 3% 
(v/v), while in our study the antibacterial performance of 
this oil was significantly better (by 2SD). However, for the 
K. pneumoniae the MIC values described by Hammer et al. 
[17] were significantly better (by 1SD) than those reported in 
the present study [Tables 2 and 3].

Diverse antimicrobial activities against A. baumanii, E. coli, 
K. pneumonia, and P. aeruginosa have been reported by researchers 
experimenting with reference strains. For E. coli, the MIC values 
reported for reference strains are ranging from 0.12% (v/v) for 

origanum oil to 0.5% (v/v) for basil [3,18-21]. In our study, the 
reported MIC values [Table 3] were much different (by 2SD) 
denoting much less successful antimicrobial activity of the 
origanum and Basil oils against multidrug resistant clinical 
isolates.

The MIC values reported in the present study and the reciprocal 
values reported for K. pneumoniae reference strains  [3] are 
different by 2SD and 1SD for origanum and thyme oils, 
respectively, indicating less successful antimicrobial effect 
against resistant clinical isolates. Concerning the basil and tea 
tree oil’s activity [Table 3] against K. pneumoniae no difference 
was observed between the tested resistant clinical isolates and 
the reference strains tested by Hammer et al. [3].

Regarding the P. aeruginosa strains and the activity of tea 
tree oil, a significant difference (by 2SD) was observed with 
this oil performing much better against the tested resistant 
clinical isolates than the reference strains tested by other 
researchers  [3,22-24]. The antimicrobial activity of the 
origanum and basil oil against P. aeruginosa was poor and our 
findings coincide with those reported on reference strains [3,25].

Based on the afore-mentioned literature data and the results 
of the present study, much different MIC values are recorded 
between the reference and clinical resistant isolates. Studies 
employing reference strains are showing more efficient 
performance of the tested essential oils; however, in the case 
of clinical isolates and particularly in the case of the multidrug 
resistant isolates used in the present study, essential oils are less 
efficacious. This finding can be attributed to the strain origin 
rather than to the methodological differences reported by other 
researchers [4,13,18,26-29].

In the present study, we used multidrug resistant strains of 
Gram-negative bacteria isolated from hospitalized subjects. 
The Gram-negative bacteria are considered to be more resistant 
to essential oils than the Gram-positives [30]. This is largely 
attributed to the different structure of their cell wall which 
is more complex in Gram-negatives, not allowing the easy 
penetration of antibiotics and drugs, including the phenolic 
compounds (e.g.,  thymol, carvacrol, and eugenol) which 
are present in the essential oils [31,32]. Thus, the possible 
mechanism of action of the essential oils and their compounds 
is based on their ability to disrupt the bacterial cell wall and 

Figure 1: (a-e) Chromatograms of origanum oil (peak 1: Carvacrol, peak 2: Thymol), basil oil (peak 3: Estragole), tea tree oil (peak 4: Terpinen-4-ol, 
peak 5: p-cymene), thyme oil (peak 6: Thymol, peak 7: p-cymene, peak 8: Linalool), and chamomile blue oil (peak 9: Bisabolol, peak 10: Trans-
b-farnesene)
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the cytoplasmic membrane; this mode of action consequently 
leads to cell lysis and leakage of intracellural compounds [33]. 
Considering that an intact external cell envelope is a prerequisite 
for the bacterium survival protecting the cell cytoplasm from the 
external environment, any changes in the permeability of the 
cell wall and cytoplasmic membrane can influence the bacterial 
growth. Whenever antibacterial compounds are present in 
the environment surrounding microorganisms, the bacteria 
are forced to react by altering the synthesis of fatty acids and 
membrane proteins to modify the permeability of the membrane 
[34,35]. The essential oils have the potential to alter both the 
permeability and the function of the membrane proteins, 
particularly the essential oils, which are rich in phenolics, can 
penetrate into the phospholipids layer of the bacterial cell wall, 
bind to proteins and block their normal functions. Because of 
their lipophilic nature, essential oils and their compounds can 
influence the percentage of unsaturated fatty acids and their 
structure [30,36]. However, because of the variety of molecules 
present in plant extracts, the antimicrobial activity of the 
essential oils cannot be attributed to a single mechanism but 
to a number of diverse biochemical and structural mechanisms 
at various sites of the bacterial cell outer and inner components 
affecting the functions of cell membrane, cytoplasm, enzymes, 
proteins, fatty acids, ions, and metabolites.

CONCLUSIONS

A detailed examination of all the factors potentially influencing 
the antimicrobial activity of the essential oils should be ideal, 
but it is rather difficult to implement as evidenced by the 
existing relevant literature. However, any additional data do 
contribute to the increase of knowledge in the field. Concerning 
our study significant differences were observed between our 
results and the results of other researchers who experimented 
with non-clinical/non-resistant isolates. Our findings indicate 
that the essential oils’ antimicrobial activities are influenced by 
the strain origin (wild, reference, drug sensitive, or resistant) 
and this observation should be taken into consideration 
whenever investigating the plants’ potential for developing 
new antimicrobials. Nevertheless, the identification of the 
exact compounds encompassing a true antimicrobial effect is a 
prerequisite in order to optimize their potential therapeutic use. 
Yet, microbes are very good survivors having a remarkable ability 
to adapt to hostile environments, such as being surrounded by 
antimicrobials, thus meticulous investigation of their resistance 
mechanisms is necessary in order to encounter successfully the 
emergence of antibiotic resistance.
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