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ABSTRACT

The aim of this study was to compare the antibacterial effects of several essential oils (EOs)
alone and in combination against different Gram-positive and Gram-negative bacteria
associated with food products. Parsley, lovage, basil, and thyme EOs, as well as their
mixtures (1:1, v/v), were tested against Bacillus cereus, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, and Salmonella typhimurium. The inhibitory effects ranged from
strong (thyme EO against E. coli) to no inhibition (parsley EO against P. aeruginosa). Thyme
EO exhibited strong (against E. coli), moderate (against S. typhimurium and B. cereus), or mild
inhibitory effects (against P. aeruginosa and S. aureus), and basil EO showed mild (against E.
coli and B. cereus) or no inhibitory effects (against S. typhimurium, P. aeruginosa, and S.
aureus). Parsley and lovage EOs revealed no inhibitory effects against all tested strains.
Combinations of lovage/thyme and basil/thyme EOs displayed antagonistic effects against
all bacteria, parsley/thyme EOs against B. cereus, S. aureus, P. aeruginosa, and E. coli, and
lovage/basil EOs against B. cereus and E. coli. Combinations of parsley/lovage and parsley/
basil EOs exhibited indifferent effects against all bacteria. The combination of lovage/basil
EO showed indifferent effect against S. aureus, P. aeruginosa, and S. typhimurium, and the
combination parsley/thyme EO against S. typhimurium. Thyme EO has the highest per-
centage yield and antibacterial potential from all tested formulations; its combination with
parsley, lovage, and basil EOs determines a reduction of its antibacterial activity. Hence, it
is recommended to be used alone as the antibacterial agent.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Herbs have been used since ancient times for their medicinal or
aromatic properties [1]. The increased interest in the use of
natural preservatives as an alternative to chemical ones has
brought renewed attention to the aromatic plants [2]. Lately,
their bioactive compounds, essential oils (EOs), are used in
active food packaging formulations for preservation purposes
[3,4]. EOs can be extracted from different parts of herbs by
several techniques, as water or steam distillation, solvent
extraction, expression under pressure, supercritical fluid
extraction, and subcritical water extraction [5]. These contain a
wide variety of plant secondary metabolites that can inhibit or
slow the growth microorganisms [6,7]. The main constituents
of EOs are mono- and sesquiterpenes, along with carbohy-
drates, phenols, alcohols, ethers, aldehydes, and ketones,
which are responsible for the biological activity of aromatic and
medicinal plants as well as for their fragrance [8]. Oxygenated
terpenoids (e.g., alcohols and phenolic terpenes) manifest the
highest antimicrobial activity, but some hydrocarbons also
display antimicrobial effects. Interactions between these types
of compounds may lead to antagonistic, additive, or synergistic
effects. The minor components are crucial to these effects [5].

Parsley, lovage, basil, and thyme are few of the aromatic
herbs commonly used in Romania. These easy-to-grow plants
have low costs of production. Different parts of these herbs
(e.g., leaves, flowers, stems, fruits, and seeds) have been used
to extract EOs. There are several studies that reveal their
antibacterial activities against various bacterial strains (see
supplemental online material, Tables S1 and S2). Yet, the ef-
ficiency of their mixtures against potential foodborne patho-
gens and spoilage bacteria has not been as yet fully studied.

In this regard, the antibacterial properties of two species of
Lamiaceae (Ocimum basilicum and Thymus vulgaris) and two of
Apiaceae (Petroselinum crispum and Levisticum officinale) against
some Gram-positive and Gram-negative bacteria were studied
in the present research. Four EOs (extracted from parsley,
lovage, basil, and thyme dried leaves) were evaluated for their
antibacterial activities individually and then in combination
using five different in vitro models. To the extent of our
knowledge, this is the first work to investigate the antibacte-
rial potential of these EO mixtures. Particular attention has
been paid to their synergistic, additive, indifferent, or antag-
onistic effects on four potential foodborne pathogens (Bacillus
cereus, Staphylococcus aureus, Escherichia coli, and Salmonella
typhimurium) and one spoilage bacteria (Pseudomonas aerugi-
nosa). To this intent, two antimicrobial susceptibility tests
were used: the Kirby—Bauer disk diffusion test (for measuring
zone diameters of bacterial growth inhibition) and the resa-
zurin microtiter plate-based antibacterial assay [to determine
the minimum inhibitory concentration (MIC)].

2. Materials and methods
2.1. Plant materials and EO extraction

Dried leaves of parsley, lovage, basil, and thyme were pur-
chased from a Romanian company. EOs were extracted by

hydrodistillation (50 g of dried leaves with 750 mL distilled
water) using a Clevenger-type apparatus (for 3 hours). The ex-
tracts were dried over anhydrous sodium sulfate and stored at
4°C until analysis. The extraction yield was calculated as the
volume of oil (mL) per dried leaves weight (g) and multiplied by
100. EO mixtures were prepared as follows: (1) parsley/lovage
EO—parsley EO/lovage EO, 1:1 (v/v); (2) parsley/basil EO—pars-
ley EO/basil EO, 1:1 (v/v); (3) parsley/thyme EO—parsley EO/
thyme EO, 1:1 (v/v); (4) lovage/basil EO—lovage EO/basil EO, 1:1
(v/v); (5) lovage/thyme EO—lovage EO/thyme EO, 1:1 (v/v); and
(6) basil/thyme EO—basil EO/thyme EO, 1:1 (v/v).

2.2. Bacterial strains

The following microorganisms were tested: B. cereus (ATCC
11778), S. aureus (ATCC 6538P), P. aeruginosa (ATCC 27853), E.
coli (ATCC 25922), and Salmonella typhimurium (ATCC 14028).
Each strain was grown in a test tube containing 45 mL sterile
nutrient broth (Oxoid Ltd., Basingstoke, Hampshire, England)
at 37°C for 24 hours (except B. cereus, which was grown at 30°C
for 24 hours). The purity of the inoculum was confirmed by
plating on appropriate selective media and microscopic ex-
amination of the Gram-stained smear (Optika microscope, B-
252, M.A.D; Apparecchiature Scientifiche, Milan, Italy). A
loopful of inoculum was transferred by streaking onto a se-
lective medium: (1) MYP agar supplemented with Egg Yolk
Emulsion and Polymyxin B (Oxoid Ltd.) for B. cereus; (2)
Baird—Parker agar base supplemented with Egg Yolk Tellurite
Emulsion (Oxoid Ltd.) for S. aureus; (3) Pseudomonas-agar P,
base (Merck KGaA, Darmstadt, Germany) for P. aeruginosa; (4)
TBX agar (Oxoid Ltd.) for E. coli; and (5) XLD agar (Oxoid Ltd.) for
S. typhimurium. Plates were incubated for 24 hours at 30°C (B.
cereus) or 37°C (S. aureus, P. aeruginosa, E. coli, and S. typhimu-
rium). Bacterial morphology was confirmed by optical micro-
scopy. Several colonies were collected with a sterile
inoculating loop, transferred into sterile saline solution, and
adjusted to the desired concentration using the McFarland
nephelometer standards [9].

2.3.  Agar diffusion susceptibility testing

EOs and their mixtures were assessed against all bacteria
using the Kirby—Bauer disk diffusion test (9-mm sterile paper
disks; ANTF-009-1K0; PRAT DUMAS, Couze-St-Front, France).
Gentamicin was used as positive control (0.04 mg/mL in saline
solution). One hundred microliters of inoculum (1.5 x 108 CFU/
ml) was dispersed over the entire surface of the Muel-
ler—Hinton agar plate (Sifin Diagnostics GmbH, Berlin, Ger-
many) using a Drigalski spatula. A sterile paper disk was
placed in the middle of a Petri dish. Then, 40 uL EO or genta-
micin was released on the paper disk. Plates were incubated
for 24 hours at 30°C (B. cereus) or 37°C (S. aureus, P. aeruginosa, E.
coli, and S. typhimurium). A digital caliper was used to measure
the inhibition zone diameter (in millimeters). Three replicates
were run for each EO/mixture.

2.4. Broth microdilution susceptibility testing

The MIC was determined using the resazurin microtiter plate-
based antibacterial assay. One part of EO was dissolved in
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eight parts 50% ethanol and one part Tween 80 [10]. Into the
first well of a 96-well microtiter plate, 100 pL sterile nutrient
broth and 100 pL diluted EO were added. Serial 11-fold di-
lutions were performed by transferring 100 uL from well to
well (on row). From the last well of the row, 100 pL was dis-
carded. To each well, 10 uL of inoculum (1.5 x 10° CFU/mL) was
added. The reached concentrations ranged from 0.01 to
47.62 pL EO/mL. Gentamicin (0.04 mg/mL in saline solution)
was used as a positive control. For the negative control, one
part of the saline solution was dissolved in eight parts 50%
ethanol and one part Tween 80. Microplates were incubated
for 20—22 hours at 37°C (except for B. cereus, which was
incubated for 20—22 hours at 30°C). To each well, 20 uL resa-
zurin aqueous solution (0.2 mg/mL) was added. Microplates
were incubated for 2 hours at 37°C (except for B. cereus, which
was incubated for 2 hours at 30°C). The concentration that
completely inhibited bacterial growth (MIC) was the concen-
tration at which the blue color did not change into pink. Three
replicates were run for each EO.

2.5. Statistical analysis

To perform statistical tests, the Minitab statistical software
(version 16.1.0, LEAD Technologies, Inc.) was used. The sta-
tistically significant differences between EO formulations
were carried out by one-way analysis of variance at 95%
confidence level (p < 0.05). As a posttest procedure, Tukey's
honest significance test was used. Correlations among data
were calculated using Pearson's correlation coefficient.

3. Results and discussion

An exhaustive review of the literature (see Tables S1 and S2)
shows that there is a lack of studies on the antibacterial ac-
tivity of parsley and lovage EOs. This study intends to
contribute toward filling some gaps in the current knowledge.
Toward this purpose, EOs of parsley, lovage, basil, and thyme
were extracted from dried leaves. The percentage yields of EOs
are 0.16% for parsley, 0.28% for lovage, 0.40% for basil, and
2.20% for thyme. Furthermore, individual EOs and their mix-
tures (1:1, v/v) were evaluated against Gram-positive (B. cereus
and S. aureus) and Gram-negative bacteria (P. aeruginosa, E. coli,
and S. typhimurium) using the Kirby—Bauer disk diffusion test.
As the results of this test indicate that the antibacterial ac-
tivity of EO combinations is weaker than that of thyme EO
(Table 1), the resazurin microtiter plate-based antibacterial
assay was further carried out on individual EOs.

3.1.  Antibacterial action on single EOs

Table 1 shows the results of the Kirby—Bauer disk diffusion
test. Bacterial strains used in the present study are more or
less susceptible to each EO. The size of inhibition zone varies
depending on the EO and bacterial strain used. The scale of
measurement was as follows (disk diameter included): strong
inhibitory effect — zone of inhibition > 28 mm, moderate
inhibitory effect — 16 < zone of inhibition < 28 mm, mild
inhibitory effect — 12 < zone of inhibition < 16 mm, and no
inhibitory effect — zone of inhibition < 12 mm [11]. Thyme EO

exhibits the best inhibitory activity against all bacteria eval-
uated by the Kirby—Bauer disk diffusion test (range
12.16—36.41 mm), followed by basil, lovage, and parsley EOs.
Its zone of inhibition is larger (for E. coli and S. typhimurium) or
similar (for B. cereus) to the size of gentamicin zone (the anti-
biotic used as positive control). Among the tested microor-
ganisms, it produces the largest zone of inhibition against E.
coli (strong inhibitory effect), followed by S. typhimurium
(moderate inhibitory effect), B. cereus (moderate inhibitory
effect), P. aeruginosa (mild inhibitory effect), and S. aureus (mild
inhibitory effect). The inhibition zones of basil EO against
tested bacteria vary between 9.91 and 14.85 mm. It shows the
best antibacterial activity against E. coli (mild inhibitory ef-
fect), followed by B. cereus (mild inhibitory effect), S. typhimu-
rium (no inhibitory effect), P. aeruginosa (no inhibitory effect),
and S. aureus (no inhibitory effect). Lovage and parsley EOs
exert no inhibitory effects against all five bacterial strains.
Lovage EO causes faint and similar zones of inhibition (range
9.44—10.38 mm) against tested microorganisms. Parsley EO
displays the weakest inhibitory activity (range NI-10.07 mm)
against all bacteria. It does not show any inhibitory activity
against P. aeruginosa.

Table 2 summarizes the results of the resazurin microtiter
plate-based antibacterial assay. Between the two testing
methods, an inverse correlation has been generally noticed;
EOs with a large zone of inhibition present a low minimum
inhibitory concentration. The strong negative correlations
found between the diameter of inhibition zone and MIC of B.
cereus (r? = —0.776; p = 0.003), S. aureus (r* = —0.743; p = 0.006),
P. aeruginosa (r* = —0.957; p = 0.000), E. coli (> = —0.980;
p = 0.000), and S. typhimurium (r> = —0.896; p = 0.000) confirm
the above remark.

Gram-negative bacteria are more resistant to thyme and
basil EOs; however, parsley and lovage EOs manifest similar
behaviors against both Gram-positive and Gram-negative
bacteria. Results obtained by the resazurin microtiter plate-
based antibacterial assay show that thyme EO is the most
effective against S. aureus, followed by E. coli, and evenly by B.
cereus, P. aeruginosa, and S. typhimurium. The EO of basil reveals
the lowest MIC against S. aureus, followed evenly by B. cereus
and E. coli, and evenly by P. aeruginosa and S. typhimurium.
Parsley and lovage EOs have the highest MICs. The activity of
parsley EO was more pronounced against S. aureus and E. coli,
followed by B. cereus, and to the same extent by P. aeruginosa
and S. typhimurium. The EO of lovage gives the lowest MICs
against S. aureus, followed by E. coli, P. aeruginosa, and evenly
by B. cereus and S. typhimurium. Both test results confirm that
the antibacterial activity of thyme EO is strong, that of basil EO
is moderate, and that of parsley and lovage EOs is weak.

Although there are many investigations on the E. coli (ATCC
25923) susceptibility to EOs, this is the first study relating to EOs
extracted from dried leaves of parsley, lovage, basil, and thyme.
In previous studies (see Tables S1 and S2), the sensitivity of E.
coli (ATCC 25923) was tested with EOs from fruits of lovage [12],
from aerial parts of basil [13—15], and commercially available
EOs of basil and thyme [16—25]. Against B. cereus (ATCC 11778),
commercially available EOs of parsley, basil, and thyme
[19,21,23,24,26], and the EO from aerial parts of basil [14] were
tested. The sensitivity of S. aureus (ATCC 6538P) was tested with
commercially available EOs of basil and thyme [26,27]. Against
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Table 1 — Antibacterial activity of essential oils (EOs; zone of inhibition including the diameter of the paper disk, mm) by

agar diffusion testing.

Test substance B. cereus S. aureus P. aeruginosa E. coli S. typhimurium
(ATCC 11778) (ATCC 6538P) (ATCC 27853) (ATCC 25922) (ATCC 14028)
Parsley EO 9.464 10.079¢f NI 9.60" 9.77¢
Lovage EO 9,534 10.38%4¢ 9.44¢ 9.8588 10.29¢
Basil EO 13.58° 9.919¢f 11.12° 14.85° 11.58°
Thyme EO 24.81° 12.16 14.15° 36.41° 27.44°
Parsley/lovage EO 9.494 9.43f 9.20¢ 9.958h 9.74¢
Parsley/basil EO 10.054 9.54°f 9.394 12.19° 10.46°
Parsley/thyme EO 13.89¢ 11.07°¢ 10.32¢ 23.03¢ 24.90°
Lovage/basil EO 10.264 10.49%4 9.41¢ 11.95% 10.21¢
Lovage/thyme EO 13.13¢ 10.54%¢ 9.84<d 20.25¢ 14.61°
Basil/thyme EO 16.54° 11.64%° 11.38° 25.76° 27.27°
p <0.001** <0.001** <0.001** <0.001** <0.001™*
Gentamicin 25.32 22.49 21.28 23.67 24.21

Values are expressed as mean of three replicates. Values with different letters in the same column indicate statistically significant differences
(Tukey's test, p < 0.05).

*p < 0.05.

*p < 0.01.

p < 0.001; p > 0.05, not significant.
NI = no inhibition (<9 mm diameter).

Table 2 — Antibacterial activity of essential oils (MIC, pL. EO/mL) and gentamicin (MIG, ng GE/mL) by broth microdilution

testing.

Bacterial strain Parsley EO Lovage EO Basil EO Thyme EO Gentamicin
Bacillus cereus (ATCC 11778) 22.68 47.62 10.80 0.56 0.05
Staphylococcus aureus (ATCC 6538P) 10.80 2.45 2.45 0.06 0.05
Pseudomonas aeruginosa (ATCC 27853) 47.62 22.68 22.68 0.56 0.50
Escherichia coli (ATCC 25922) 10.80 10.80 10.80 0.27 0.24
Salmonella typhimurium (ATCC 14028) 47.62 47.62 22.68 0.56 0.50

EO = essential oil; GE = gentamicin; MIC = minimum inhibitory concentration.

P. aeruginosa (ATCC 27853), EOs from aerial parts of basil and
thyme [8,14,28], as well as commercially available EOs of
parsley, basil, and thyme [16,19,20] were tested. The sensitivity
of S. typhimurium (ATCC 14028) was tested with EOs from aerial
parts of basil [14], leaves of basil [29], flowers and leaves of
thyme [30], and commercially available EOs of parsley, basil,
and thyme [11,19,31].

3.2 Antibacterial action of EO combinations

In a mixture of EOs, the interaction between their compounds
can produce a synergistic, additive, indifferent, or antago-
nistic effect [5]. The antimicrobial efficacy of EOs selected to
this study in combination with other EOs is poorly investi-
gated. The few existing studies have focused on the antimi-
crobial activity of the following: (1) basil/oregano and thyme/
oregano EO mixtures against E. coli [32]; (2) thyme/oregano EO
mixture against S. aureus and S. typhimurium [6]; (3) thyme/
myrtle EO mixture against S. aureus and E. coli [33]; (4) thyme/
Norway spruce, thyme/juniper berry, and thyme/cinnamon
EO mixtures against S. aureus [22]; (5) thyme/peppermint,
thyme/Rosewood, and thyme/lemon balm EO mixtures
againstE. coli [22]; (6) thyme/lavender, thyme/peppermint, and
thyme/rosemary EO mixtures against S. aureus, B. cereus, P.

aeruginosa, and E. coli [34]; (7) thyme/cinnamon EO mixture
against B. subtilis, B. cereus, S. aureus, E. coli, and S. typhimurium
[30]; and (8) parsley/peppermint/coriander EO mixture against
P. vulgaris, S. enterica, and E. coli [35]. Among these combina-
tions, only thyme/oregano [6], thyme/myrtle [33], thyme/cin-
namon [22], and thyme/peppermint EO mixtures [34]
displayed a synergistic effect. The other combinations have
shown indifferent, additive, and antagonistic effects.

The results of the Kirby—Bauer disk diffusion test for EO
combinations are shown in Table 1. If the value of combined
EOs is significantly higher (p < 0.05) than the sum of individual
values, it is considered to be a synergistic effect; and if it is
equal (p > 0.05), it is an additive effect. An antagonistic effect
occurs when the value of one or both EOs is significantly
higher than the value of their mixture. A value of combined
EOs situated between additive and antagonistic tendency
signifies an indifferent effect [5]. The results of the current
study show antagonistic and indifferent effects of EO mix-
tures against tested bacteria.

3.3. B. cereus (ATCC 11778)

Four of the EO combinations (parsley/thyme, lovage/basil,
lovage/thyme, and basil/thyme EOs) display antagonistic
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effects against B. cereus. Parsley/thyme, lovage/thyme, and
basil/thyme EO mixtures produce increased zones of inhibi-
tion with the thyme EO and lovage/basil EO mixture with the
basil EO. The other two combinations (parsley/lovage and
parsley/basil EOs) exhibit indifferent effects against B. cereus.
The inhibition zone of parsley/lovage EO mixture does not
significantly differ from its individual EOs. Instead, the pars-
ley/basil EO mixture shows a significantly smaller inhibition
zone than the basil EO.

3.4. S. aureus (ATCC 6538P)

Combinations of parsley/lovage, parsley/basil, and lovage/
basil EOs show indifferent effects against S. aureus. Parsley/
lovage and parsley/basil EO mixtures cause significantly lower
antibacterial activities than individual EOs and the lovage/
basil EO mixture a significantly higher one. Parsley/thyme,
lovage/thyme, and basil/thyme EO mixtures exhibit signifi-
cantly lower antibacterial activities than the thyme EO, which
denote antagonistic effects.

3.5. P. aeruginosa (ATCC 27853)

P. aeruginosa is the most susceptible to all EOs and their
combinations. Three EO combinations show antagonistic ef-
fects against P. aeruginosa (parsley/thyme, lovage/thyme, and
basil/thyme EOs), and the other three combinations indif-
ferent effects (parsley/lovage, parsley/basil, and lovage/basil
EOs). Parsley/lovage, parsley/basil, and parsley/thyme EO
mixtures display significantly higher antibacterial activities
than the parsley EO. Basil EO does not significantly affect the
antibacterial activity of lovage/basil EO mixture. Thyme EO
significantly contributes to the antibacterial activity of pars-
ley/thyme and lovage/thyme EO mixtures but does not
significantly influence the antibacterial activity of basil/thyme
EO mixture.

3.6. E. coli (ATCC 25922)

Four EO combinations exhibit antagonistic effects against E.
coli (parsley/thyme, lovage/basil, lovage/thyme, and basil/
thyme EOs), and the other two combinations show indifferent
effects (parsley/lovage and parsley/basil EOs). Basil EO signif-
icantly contributes to the antibacterial activity of parsley/basil
and lovage/basil EO mixtures.

3.7. S. typhimurium (ATCC 14028)

Combinations of lovage/thyme and basil/thyme EOs display
antagonistic effects against S. typhimurium and the other four
combinations (parsley/lovage, parsley/basil, parsley/thyme,
and lovage/basil EOs) indifferent effects. The antibacterial
activity of parsley/lovage, parsley/basil, and lovage/basil EO
mixtures do not significantly deviate from those of individual
EOs. Thyme EO significantly contributes to the antibacterial
activity of parsley/thyme EO mixture.

Parsley/lovage and lovage/basil EO mixtures show no
inhibitory effects against all tested microorganisms. Parsley/
basil EO mixture exhibits mild (against E. coli) or no inhibitory
effects. Parsley/thyme EO mixture reveals moderate (against

E. coli and S. typhimurium), mild (against B. cereus), or no
inhibitory effects (against S. aureus and P. aeruginosa). Instead,
basil/thyme EO mixture shows moderate inhibitory effects
against E. coli, S. typhimurium, and B. cereus but no inhibitory
effects against S. aureus and P. aeruginosa. Lovage/thyme EO
mixture causes moderate (against E. coli), mild (against B. ce-
reus and S. typhimurium), or no inhibitory effects (against S.
aureus and P. aeruginosa).

In summary, all pairwise combinations exhibit lower
antibacterial activities than the thyme EO against all five
bacteria. Considering that thyme EO has the highest per-
centage yield and antibacterial potential from all tested for-
mulations, it is therefore recommended to be used alone as
the antimicrobial agent.

Conflicts of interest

No potential conflicts of interest were reported by the authors.

Acknowledgments

The authors thank Engineer Maddlina Mentea and Engr. Maria
Morar for their valuable help.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.jfda.2016.06.002.

REFERENCES

[1] Abad MA, Bedoya LM, Bermejo P. Essential oils from the
Asteraceae family active against multidrug-resistant
bacteria. In: Ray M, Kon K, editors. Fighting multidrug
resistance with herbal extracts, essential oils and their
components. London: Academic Press; 2013. p. 205—19.

El Abed N, Kaabi B, Smaali MI, Chabbouh M, Habibi K,

Mejri M, Marzouki MN. Ben Hadj Ahmed S. Chemical

composition, antioxidant and antimicrobial activities of

Thymus capitata essential oil with its preservative effect

against Listeria monocytogenes inoculated in minced beef

meat. Evid Based Complement Alternat Med 2014:1—-11,

152487.

Solano ACV, de Rojas Gante C. Two different processes to

obtain antimicrobial packaging containing natural oils. Food

Bioprocess Technol 2012;5:2522—8.

Shemesh R, Krepker M, Goldman D, Danin-Poleg Y, Kashi Y,

Nitzan N, Vaxman A, Segal E. Antibacterial and antifungal

LDPE films for active packaging. Polym Adv Technol

2015;26:110—6.

[5] Bassolé IH, Juliani HR. Essential oils in combination and their
antimicrobial properties. Molecules 2012;17:3989—4006.

[6] Stojkovi¢ D, Glamoclija J, Ciri¢ A, Nikoli¢ M, Risti¢ M,
Siljegovic J, Sokovi¢ M. Investigation on antibacterial
synergism of Origanum vulgare and Thymus vulgaris essential
oils. Arc Biol Sci 2013;65:639—43.

2

[3

(4


http://dx.doi.org/10.1016/j.jfda.2016.06.002
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref1
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref2
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref3
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref3
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref3
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref3
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref4
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref4
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref4
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref4
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref4
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref5
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref5
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref5
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref5
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref6
http://dx.doi.org/10.1016/j.jfda.2016.06.002
http://dx.doi.org/10.1016/j.jfda.2016.06.002

408

JOURNAL OF FOOD AND DRUG ANALYSIS 25 (2017) 403—408

7]

(8]

[9

(1]

(11]

(12]

(13]

(14]

(23]

[16]

(17]

(18]

(29]

(20]

Nazzaro F, Fratianni F, De Martino L, Coppola R, De Feo V.
Effect of essential oils on pathogenic bacteria.
Pharmaceuticals 2013;6:1451—74.

Sokovi¢ M, Glamoclija J, Marin PD, Brki¢ D, van

Griensven LJLD. Antibacterial effects of the essential oils of
commonly consumed medicinal herbs using an in vitro
model. Molecules 2010;15:7532—46.

McFarland J. Nephelometer: an instrument for estimating
the number of bacteria in suspensions used for calculating
the opsonic index and for vaccines. JAMA
1907;XLIX:1176-8.

Preuss HG, Echard B, Enig M, Brook I, Elliott TB. Minimum
inhibitory concentrations of herbal essential oils and
monolaurin for gram-positive and gram-negative bacteria.
Mol Cell Biochem 2005;272:29—34.

Elgayyar M, Draughon FA, Golden DA, Mount JR.
Antimicrobial activity of essential oils from plants against
selected pathogenic and saprophytic microorganisms. ] Food
Prot 2001;64:1019—24.

Mirjalili MH, Salehi P, Sonboli A, Hadian ], Ebrahimi SN,
Yousefzadi M. The composition and antibacterial activity of
the essential oil of Levisticum officinale Koch flowers and fruits
at different developmental stages. ] Serb Chem Soc
2010;75:1661-9.

Hussain Al, Anwar F, Hussain Sherazi STH, Przybylski R.
Chemical composition, antioxidant and antimicrobial
activities of basil (Ocimum basilicum) essential oils depends
on seasonal variations. Food Chem 2008;108:986—95.

da Silveira SM, Cunha Junior A, Scheuermann GN, Secchi FL,
Vieira CRW. Chemical composition and antimicrobial
activity of essential oils from selected herbs cultivated in the
South of Brazil against food spoilage and foodborne
pathogens. Cienc Rural 2012;42:1300—6.

Stefan M, Zamfirache MM, Padurariu C, Truta E, Gostin I. The
composition and antibacterial activity of essential oils in
three Ocimum species growing in Romania. Cent Eur ] Biol
2013;8:600—8.

Prabuseenivasan S, Jayakumar M, Ignacimuthu S. In vitro
antibacterial activity of some plant essential oils. BMC
Complement Altern Med 2006;6:1-8.

Mohsenzadeh M. Evaluation of antibacterial activity of
selected Iranian essential oils against Staphylococcus aureus
and Escherichia coli in nutrient broth medium. Pak J Biol Sci
2007;10:3693—7.

Celikel N, Kavas G. Antimicrobial properties of some
essential oils against some pathogenic microorganisms.
Czech ] Food Sci 2008;26:174—81.

Gutierrez ], Rodriguez G, Barry-Ryan C, Bourke P. Efficacy of
plant essential oils against foodborne pathogens and
spoilage bacteria associated with ready-to-eat vegetables:
antimicrobial and sensory screening. ] Food Prot
2008;71:1846—54.

Rusenova N, Parvanov P. Antimicrobial activities of twelve
essential oils against microorganisms of veterinary
importance. Trakia J Sci 2009;7:37—43.

[21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Dobre AA, Gagiu V, Petru N. Antimicrobial activity of
essential oils against food-borne bacteria evaluated by two
preliminary methods. Rom Biotechnol Lett 2011;6:119—25.
Kon K, Rai M. Antibacterial activity of Thymus vulgaris
essential oil alone and in combination with other essential
oils. Nusantara Biosci 2012;4:50—6.

Dobre A, Niculita P. Antibacterial profile of essential oils
against pathogen bacteria. Bull UASVM Agric 2012;69:255—61.
Phanthong P, Lomarat P, Chomnawang MT,
Bunyapraphatsara N. Antibacterial activity of essential oils
and their active components from Thai spices against
foodborne pathogens. ScienceAsia 2013;39:472—6.
Sienkiewicz M, Lysakowska M, Pastuszka M, Bienias W,
Kowalczyk E. The potential of use basil and rosemary
essential oils as effective antibacterial agents. Molecules
2013;18:9334—51.

Bors MD, Tofana M, Suharoschi R, Rotar A. A study regarding
the antibacterial activity of some commercial essential oils
on food-borne pathogenic and spoilage bacteria. JAPT
2013;19:314-8.

Bosni¢ T, Softi¢ D, Gruji¢-Vasic¢ J. Antimicrobial activity of
some essential oils and major constituents of essential oils.
Acta Med Acad 2006;35:19—22.

Beatovi¢ D, Krsti¢-Milosevié D, Trifunovi¢ S, Siljegovi¢ J,
Glamoclija J, Risti¢ M, Jelaci¢ S. Chemical composition,
antioxidant and antimicrobial activities of the essential oils
of twelve Ocimum basilicum L. cultivars grown in Serbia. Rec
Nat Prod 2015;9:62—75.

Eriotou E, Anastasiadou K, Nikolopoulos D,

Koulougliotis D. Antimicrobial and free radical scavenging
activities of basil (Ocimum basilicum) essential oil isolated
from five plant varieties growing in Greece. ] Nutr Food Sci
2015;5:1-9.

Lu F, Ding YC, Ye XQ, Ding YT. Antibacterial effect of
cinnamon oil combined with thyme or clove oil. Agric Sci
China 2011;10:1482—7.

Mith H, Duré R, Delcenserie V, Zhiri A, Daube G,
Clinquart A. Antimicrobial activities of commercial
essential oils and their components against food-borne
pathogens and food spoilage bacteria. Food Sci Nutr
2014;2:403-16.

Gutierrez ], Barry-Ryan C, Bourke P. The antimicrobial
efficacy of plant essential oil combinations and
interactions with food ingredients. Int ] Food Microbiol
2008;124:91—7.

Sadiki M, Balouiri M, Barkai H, Maataoui H, Koraichi SI,
Elabed S. Synergistic antibacterial effect of Myrtus
communis and Thymus vulgaris essential oils fractional
inhibitory concentration index. Int J] Pharm Pharm Sci
2014;6:21—4.

Fahimi SH, Hajimehdipoor H, Shabanpoor H, Bagheri F,
Shekarchi M. Synergic antibacterial activity of some
essential oils from Lamiaceae. RJP 2015;2:23—9.

Osman YAH, Yaseen EM, Farag MM. Antimicrobial effect of
some essential oils mixtures. ] Appl Sci Res 2009;5:1265—76.


http://refhub.elsevier.com/S1021-9498(16)30080-1/sref7
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref7
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref7
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref7
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref8
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref9
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref9
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref9
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref9
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref9
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref10
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref10
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref10
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref10
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref10
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref11
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref11
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref11
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref11
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref11
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref12
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref13
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref13
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref13
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref13
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref13
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref14
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref15
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref16
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref16
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref16
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref16
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref17
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref17
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref17
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref17
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref17
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref18
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref18
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref18
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref18
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref19
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref20
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref20
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref20
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref20
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref21
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref21
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref21
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref21
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref22
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref22
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref22
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref22
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref23
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref23
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref23
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref23
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref24
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref24
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref24
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref24
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref24
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref25
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref25
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref25
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref25
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref25
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref26
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref27
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref28
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref29
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref30
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref30
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref30
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref30
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref31
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref32
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref32
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref32
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref32
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref32
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref33
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref34
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref34
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref34
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref34
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref35
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref35
http://refhub.elsevier.com/S1021-9498(16)30080-1/sref35
http://dx.doi.org/10.1016/j.jfda.2016.06.002
http://dx.doi.org/10.1016/j.jfda.2016.06.002

	Antibacterial activity and interactions of plant essential oil combinations against Gram-positive and Gram-negative bacteria
	1. Introduction
	2. Materials and methods
	2.1. Plant materials and EO extraction
	2.2. Bacterial strains
	2.3. Agar diffusion susceptibility testing
	2.4. Broth microdilution susceptibility testing
	2.5. Statistical analysis

	3. Results and discussion
	3.1. Antibacterial action on single EOs
	3.2. Antibacterial action of EO combinations
	3.3. B. cereus (ATCC 11778)
	3.4. S. aureus (ATCC 6538P)
	3.5. P. aeruginosa (ATCC 27853)
	3.6. E. coli (ATCC 25922)
	3.7. S. typhimurium (ATCC 14028)

	Conflicts of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


