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Gas chromatography/mass spectroscopy analysis was performed to identify the chemical components of three extracted essential
oils including thyme, marjoram, and sage. The antibacterial activity of the extracted essential oils against Pseudomonas aeruginosa
(ATCC 9027) was investigated using disc diffusion assay, either alone or in combination with standard antibiotics (piperacillin,
cefepime, meropenem, gentamicin, and norfloxacin). Results showed that the studied oils exhibited a variety of activities against
the tested bacterium.Thyme oil was themost active followed bymarjoram oil, whereas sage displayed no activity towards the tested
organism. Thyme oil enhanced the antibacterial activity of cell wall targeting antibiotics (piperacillin, cefepime, and meropenem)
by more than twofold. Marjoram oil potentiated the activity of all the tested antibiotics except norfloxacin. Sage, despite its
inactivity against pseudomonas, synergistically enhanced the activity of piperacillin, meropenem, and gentamicin. Thyme essential
oil, containing thymol as a major component (33.6%), exhibited higher activity alone or in combination with antibiotics than
marjoram which contained alcoholic terpenes or sage essential oil that contained 1,8-cineole as its major component (29%). The
investigated oils, as natural bioactive agents, may be used to enhance the activity of antibiotics towards pseudomonas.

1. Introduction

Among all of the bacterial resistance problems, Gram-nega-
tive pathogens are particularly worrisome, because they are
becoming resistant to nearly all drugs that would be consid-
ered for treatment. The most serious Gram-negative infec-
tions are health-care associated and themost commonpatho-
gens are Enterobacteriaceae, Pseudomonas, andAcinetobacter
[1]. Pseudomonas aeruginosa is one of the leading causes of
nosocomial infections and is associated with high mortality.
Infections caused by Pseudomonas are difficult to treat as the
repertoire of useful antipseudomonal agents is limited.More-
over, Pseudomonas exhibits remarkable abilities to acquire
resistance to these agents [2].

Historically plants have enjoyed a tradition of use for their
flavor enhancement characteristics and for their medicinal prop-
erties. A growing body of evidence points to the antimicrobial

potentials of plant extracts in an era of prevalence of antibi-
otics resistance. It is reported that plant derived antimicrobi-
als have higher minimum inhibitory concentrations (MICs)
than bacterial and fungal produced antibiotics [3, 4]. This
provides the rationale for research into the potential outcome
of plant derived essential oils on the in vitro activity of anti-
biotics.

In view of the dearth, in the near future, of new options
against resistant P. aeruginosa strains, plants provide a poten-
tial source for therapeutically useful compounds especially
from the perspective of their potentials in combination with
antimicrobial chemotherapy. Accordingly, the current study
investigated the antimicrobial enhancing effect of three dif-
ferent essential oils, extracted from some medicinal plants,
against the bacterium Pseudomonas aeruginosa, when com-
bined with conventional antibiotics most commonly used in
the treatment of such pathogen.
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2. Material and Methods

2.1. Plant Material and Essential Oil Extraction. Dried leaves
of thyme, marjoram, and sage were obtained from the local
market, Alexandria, Egypt. The dried plant material was
subjected to hydrodistillation by Clevenger type apparatus
for 4 h.The oils were collected, dried over anhydrous sodium
sulphate, and stored in sealed vials at 4∘C until analysed.

2.2. Organism and Culture Conditions. Pseudomonas aerugi-
nosa ATCC 9027 was obtained from the stock culture collec-
tion of the Department of FoodMicrobiology at the National
Research Center, Dokki, Cairo. The strain was routinely
maintained in tryptone soya agar (Oxoid) and stored at 4∘C.
The culture was activated in brain heart infusion (Oxoid) fol-
lowed byMüeller Hinton broth (MHB, Oxoid) and incubated
overnight at 35∘C for 18 hrs for subsequent antibacterial assay.

2.3. Chemical Analysis of Essential Oils. The chemical com-
position of the extracted essential oils was analysed using a
thermo scientific GC/MS version (5) 2009 system with TG-
5MS column (30m × 0.32mm ID). Five 𝜇L essential oil was
diluted to 1mL with dichloromethane; then 2𝜇L was injected
on splitless mode for 1min, followed by a split flow with ratio
1 : 10. GC oven temperature was programmed from 60∘C to
280∘C at 3∘C/min using helium as a carrier gas. Both the
interface and injection temperatures were adjusted at 250∘C.
The ionization voltage was 70 eV with a mass range between
40 and 800m/z. Identification of the oil constituentswas done
on the basis of retention index (RI, determinedwith reference
to homologous series of 𝑛-alkanes C8–C25, under identical
experimental condition) and MS library search (NIST and
WILEY) and by comparison with MS literature data [5]. The
relative amounts of individual components were calculated
based on GC peak area.

2.4. Antibacterial Assay. Müeller Hinton agar plates (MHA,
Oxoid) were surface-inoculated with 107 CFU/mL of the
overnightMHB culture. For screening the activity of essential
oils, sterile paper discs (6mm in diameter) saturated with
2 𝜇L of the corresponding essential oil were placed on the
surface of MHA that contained 0.5% Tween 20 (Sigma) to
enhance the diffusion of essential oils.The antibiotic sensitiv-
ity pattern of P. aeruginosa strainwas studied byKirby Bauer’s
disc diffusion method using commercially available antibi-
otic discs (Oxoid), piperacillin (100𝜇g), cefepime (30 𝜇g),
meropenem (10𝜇g), gentamicin (10𝜇g), and norfloxacin (10 𝜇g),
as per the Clinical and Laboratory Standards Institute [6]
standards. Meanwhile, assay of the activity of the combina-
tion of essential oils and the antibiotics was carried out by
impregnating the standard antibiotic discs with 2𝜇L of the
essential oil. The plates, after 2 hrs of maintenance at 4∘C,
were incubated at 37∘C for 18–24 hrs and the diameter of the
resulting zones of inhibition was measured in millimeter.

2.5. Statistical Analysis. Results obtained were subjected to
statistical analysis using one-way analysis of variance (SPSS
17). All data were the mean of three experiments.
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Figure 1: Activity of the examined essential oils against Pseudomo-
nas aeruginosa.

3. Results and Discussion

Essential oils currently investigated displayed variable activ-
ities towards the testedPseudomonas aeruginosa strain.Thyme
essential oil exhibited the highest activity as conveyed by its
highest inhibition zone. Meanwhile marjoram displayed a
moderate activity whereas sage oil exhibited no effect against
the test pathogen (Figure 1). In a study of the antibacterial
activity of Thymus vulgaris essential oil against multidrug
resistant P. aeruginosa strains, using the agar diffusion test,
the oil exhibited a strong antipseudomonal activity with an
inhibition zone diameter of 28–36mm [7]. Meanwhile, sage
oil was reported to demonstrate no effect against the Gram-
negative pathogen P. aeruginosa [8]. Furthermore, a study of
the antibacterial activity of sage oil against a group of urinary
tract pathogens comprising P. aeruginosa, Klebsiella, E. coli,
Proteus mirabilis, and Morganella showed a 100% efficiency
against Klebsiella, 96% efficiency against E. coli, 83% effi-
ciency against Proteus mirabilis, 75% efficiency against Mor-
ganella morganii, and 0% efficiency against Pseudomonas
aeruginosa [9]. In a study of the in vitro antimicrobial activity
of essential oils fromMediterranean Lamiaceae plants against
food borne pathogens and spoilage bacteria, it has been
reported that, among Lamiaceae plants investigated, thyme
and marjoram oils inhibited the pseudomonal strain tested
with varying degrees where thyme recorded lower MIC
values compared to marjoram [10]. The results of the current
investigation are in agreement with previous studies in the
context of order of susceptibility of Pseudomonas to the three
investigated essential oils.

Based on CLSI susceptibility interpretation criteria, the
currently investigated Pseudomonas aeruginosa strain pre-
sented a resistance profile comprising resistance towards pip-
eracillin but not the aminoglycoside “gentamicin,” the fluor-
oquinolone “norfloxacin,” the carbapenem “meropenem,” or
the 4th generation cephalosporin “cefepime” (Table 1). Pseu-
domonas aeruginosa is reported to be naturally resistant to
several antibiotics owing to its relatively impermeable mem-
brane, constitutively expressed and inducible efflux systems,
and a chromosomally encoded inducible 𝛽-lactamase [11].
Pseudomonas was classified into several phenotypes accord-
ing to its resistance patterns with the susceptible phenotype
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Table 1: Susceptibility pattern of Pseudomonas aeruginosa to tested antibiotics.

Antibiotic Disc content Inhibition zone
diameter (mm)

Zone diameter breakpoints according to CLSI∗ guidelines Sensitivity
patternS I R

Piperacillin 100𝜇g 15 ≥18 — ≤17 Resistant
Cefepime 30 𝜇g 30 ≥18 15–17 ≤14 Susceptible
Meropenem 10 𝜇g 34 ≥16 14-15 ≤13 Susceptible
Gentamicin 10 𝜇g 29 ≥15 13-14 ≤12 Susceptible
Norfloxacin 10 𝜇g 31 ≥17 13–16 ≤12 Susceptible
∗CLSI: Clinical and Laboratory Standards Institute.

Table 2: Inhibition zone diameter of the tested antibiotics alone and in combination with essential oils.

Antibiotic Inhibition zone
diameter (mm)

Combination of antibiotics and essential oils

Antibiotic + thyme essential oil
(% enhancement)

Antibiotic + marjoram
essential oil

(% enhancement)

Antibiotic + sage essential oil
(% enhancement)

Piperacillin 17d 42a (147%) 24b (41.2%) 22c (29.4%)
Cefepime 30c 46a (53.3%) 33b (10%) 30c (−0.03%)
Meropenem 34c 52a (52.9%) 41b (20.5%) 42b (23.5%)
Gentamicin 29d 40a (37.9%) 38b (31.03%) 33c (13.7%)
Norfloxacin 31b 43a (38.7%) 30b (−0.03%) 26c (−0.16%)
abcdMean values within a row not sharing common superscript letters are significantly different, 𝑃 < 0.05.

being sensitive to carboxypenicillins (carbenicillin and ticar-
cillin), ureidopenicillins (azlocillin and piperacillin), some
third generation cephalosporins (ceftazidime and cefopera-
zone), all the fourth generation cephalosporins, the mono-
bactam “aztreonam,” and the carbapenems (imipenem and
meropenem).The resistant phenotypes display variable resis-
tance patterns, the first phenotype being resistant to non-𝛽-
lactam antibiotics as quinolones, trimethoprim, tetracycline,
and chloramphenicol besides being resistant to most of the
𝛽-lactams including meropenem but not imipenem. The
second phenotype displays resistance to all beta-lactams
except cephems (cefepime and cefpirome) and carbapenems.
In the third phenotype resistance to penicillins, in particular
piperacillin and azlocillin and ticarcillin, is affected more
than resistance to cephalosporins [12, 13]. The resistance
pattern displayed by the currently investigated Pseudomonas
strain (ATCC 9027) is in general agreement with the second
phenotype in terms of displaying resistance to the beta-
lactam piperacillin but not the cephem “cefepime” or the car-
bapenem “meropenem.”

Essential oils are highly complexmixtures of volatile com-
pounds including terpene hydrocarbons and their oxy-
genated derivatives constituting alcohols, esters, aldehydes,
ketones, phenols, and ethers [14]. Although essential oils are
complexmixtures, their activity can be accounted for in terms
of theirmajor terpene or terpenoid components. It is reported
that most of the antimicrobial activity in essential oils is
found in the oxygenated terpene components. Moreover, it
has been demonstrated that whole essential oils usually have
higher antibacterial activity than the mixtures of their major
components [15].

GC/MS analysis of thyme essential oil, in the current
investigation, revealed that the phenolic terpene thymol was
the major component constituting 33.6% of the oil com-
position; in marjoram oil the alcoholic terpenes including
4-terpineol, 𝛼-terpineol, cis-𝛽-terpineol, and linalool were
the major components comprising 21.3%, 5.31%, 5.24%, and
2.53%, respectively. The terpenoid ether, 1,8-cineole, was the
major component in sage oil representing 29% of the total
essential oil composition.

In studies investigating the antimicrobial activity of phe-
nolic and alcoholic terpenoids in essential oils, it has been
reported that essential oils containing aldehydes or phenols
as major components demonstrated the highest antibacterial
activity followed by essential oils containing terpene alco-
hols [15]. These findings are in accordance with the results
recorded in the current investigation (Figure 1 and Table 2),
where thyme essential oil containing terpenoid phenols
exhibited a higher antibacterial activity than essential oils
containing alcoholic terpenoids (marjoram oil) or terpenoid
ethers (sage oil).

The phenolic terpenoids, thymol and eugenol, were amongst
the terpenoids that attracted the attention of researchers.
Their antimicrobial action was elucidated to be related to the
cell membrane of bacteria. The primary mode of action of
thymol involves outer and inner membrane disruption and
interaction with membrane proteins and intracellular targets
[16]. Thymol has been reported to integrate at the polar head
region of the lipid bilayer leading to alteration in membrane
phospholipids and leakage of potassium ions andATP [17, 18].
In this regard, results in the current study indicated that
thyme essential oil, with its high content of the phenolic
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monoterpene thymol, exhibited the highest antipseudomonal
activity when used singly or jointly with the tested con-
ventional antibiotics. The activity of these antibiotics was
significantly enhanced by more than twofold especially those
targeting the cell wall including piperacillin, cefepime, and
meropenem (Table 2).

The chemical composition of marjoram essential oil
investigated in the current study revealed that it contains
alcoholic terpenes with various structural configurations,
comprising 4-, 𝛼-, and 𝛽-terpineol which are cyclic aliphatic
monoterpene alcohols in addition to linalool which is an
acyclic terpene alcohol. These alcohols collectively consti-
tuted about one-third of the total essential oil composi-
tion. Links between oxygenated terpenes and antimicrobial
activity have been investigated in several studies. In a study
of the activity of 𝛼-citral, linalool, geraniol, and citronellol
present in lemon grass oil, it was found that these oxygenated
terpenes were active against S. aureus, E. coli, and B. subtilis,
whereas nonoxygenated terpene hydrocarbons as limonene
exhibited no activity [19]. In another study, the oxygenated
terpene alcohol 4-terpineol, abundant in tea tree oil, exhibited
bactericidal properties and oils with high 4-terpineol con-
tents demonstrated increased antimicrobial activities [20].
Moreover, despite the minor abundance of 𝛼-terpineol and
linalool in tea tree oil, they exhibited similar antimicrobial
activities as 4-terpineol [21]. In the current study, linalool
and 𝛼-terpineol, although present in relatively small amounts
compared to 4-terpineol, in marjoram essential oil, acted
synergistically and contributed to the overall antipseudo-
monal activity. Accumulating evidence has demonstrated
that oxygenated terpenes, particularly phenolic and alcoholic
terpenoids, inhibit microbial oxygen uptake and oxidative
phosphorylation. Meanwhile, it was suggested that the free
OH group possessed by both alcohols and phenols is a key
to their activity [16, 22]. In corroboration with these findings,
the current results indicated that both thyme and marjoram
essential oils exhibited higher potentiating capacity when
combined with piperacillin, cefepime, and gentamicin com-
pared to sage essential oil in which its major components are
devoid of the free OH group (Table 2).

It has been reported that plants either contain antimicro-
bials that can operate in synergy with antibiotics or possess
compounds that have no intrinsic antibacterial activity but
are able to sensitize the pathogen to an ineffective antibiotic
[23]. In this context, although sage essential oil in the current
study displayed no activity against the tested pathogen, it
significantly potentiated the activity of three of the five
cotested antibiotics, namely, piperacillin, meropenem, and
gentamicin. In the consensus of plant derived antimicrobials
and their structural diversity, it has been documented that
most of these molecules have weak antibiotic activity, several
orders of magnitude less than that of common antibiotics
produced by bacteria and fungi. In spite of the fact that plant
derived antibacterials are less potent, plants fight infections
successfully. Hence, it becomes apparent that plants adopt
a different paradigm, “synergy,” to combat infections [24].
Furthermore, the likelihood that a pathogen could simul-
taneously develop resistance against more than one drug is
low [25]. Hence, essential oils and their multiple components

are candidate agents that are proposed to act on several
targets, meanwhile reducing the probability of resistance
development.

Conceivably, the investigated essential oils, with their
complex composition, can provide a source for natural agents
that may enhance the activity of some antibiotics against
Pseudomonas aeruginosa. Still, issues like the mechanism of
their antimicrobial action need to be addressed to underpin
the complexity of synergistic potential between natural plant
extracts and antibiotics against bacteria.
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