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Simple Summary: Otitis externa of dogs is the inflammation of the external ear canal and may
be acute or chronic, persistent or recurrent. Several bacterial species are involved in otitis externa
and often Malassezia yeasts are simultaneously present. Otitis externa is often a severe problem
in veterinary medicine because of the resistance of the involved pathogens to conventional drugs.
Essential oils (EOs) could be promising products with which to treat these inflammations. EOs from
Origanum vulgare, Satureja montana, and Thymus vulgaris seem to be active to the main bacterial species
and M. pachydermatis cultured from the ears of dogs with otitis; moreover, a mixture of these three
components seems to improve the antibacterial property.

Abstract: Otitis externa is a frequent inflammation among dogs, mainly caused by bacteria and
yeasts that are often resistant to conventional drugs. The aim of the present study was to evaluate
the in vitro antibacterial and antifungal activities of commercial essential oils (EOs) from Origanum
vulgare, Satureja montana, and Thymus vulgaris, as well as a mixture of these three components, against
47 clinical bacterial strains (Staphylococcus sp., Streptococcus sp., Pseudomonas aeruginosa, Escherichia coli,
Klebsiella pneumoniae, Serratia marcescens) and 5 Malassezia pachydermatis strains, previously cultured
from the ears of dogs affected by otitis externa. The tested Gram-positive bacteria were sensible to
the analysed EOs with MICs ranging from 1.25% (v/v) to <0.0195% (v/v); Gram-negative isolates,
mainly P. aeruginosa, were less sensitive with MICs from >10% (v/v) to 0.039% (v/v). M. pachydermatis
isolates were sensitive to all EOs with MICs from 4.25% (v/v) to 2% (v/v). However, the mixture
was active against all bacterial (except one P. aeruginosa strain) and fungal tested isolates. The three
EOs and their mixture seem to be an interesting alternative for treating canine otitis externa when
conventional antimicrobials are not active.

Keywords: essential oil; Origanum vulgare; Satureja montana; Thymus vulgaris; antibacterial activity;
antifungal activity; canine otitis

1. Introduction

Otitis externa of dogs is the inflammation of the external ear canal, including the
ear pinna, and may be acute or chronic, persistent or recurrent. Changes occur in the
canine external ear canal with otitis such as glandular hyperplasia, glandular dilation,
epithelial hyperplasia, and hyperkeratosis, which cause increased cerumen production.
This condition, characterized by higher local humidity and pH, predisposes the ear to
secondary infection [1]. The bacteria most commonly isolated from ear canals of dogs
affected by otitis are Staphylococcus spp., but other bacterial species, including Streptococcus
spp., Pseudomonas spp., Escherichia coli and other Enterobacteriaceae may be involved,
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too [1-3]. Malassezia yeast is another frequent agent encountered in canine otitis externa.
The frequency of infection as sole causative agent is reported between 8% and 26% [4,5].
Some dogs appear to develop an allergic response to Malassezia spp., leading to significant
discomfort and pruritus [1] and, when not properly treated the affection can evolve in
otitis media, as well [6]. Therefore, an effective therapy, together with the correction of
predisposing factors and concurrent diseases, is mandatory to prevent relapses [7].

Topical antimicrobial therapy is preferred to systemic treatment in case of otitis externa,
but frequently it is not successful because of the resistance of bacteria and yeast agents to
conventional drugs. Therefore, essential oils (EOs) are welcome as alternative therapies and
studies about their effectiveness against bacteria and yeasts responsible for otitis externa
are necessary.

EOs from oregano (Origanum vulgare L.), savory (Satureja montana L.) and thyme
(Thymus vulgaris L.) showed in vitro antimicrobial properties when tested against bacterial
and fungal species [8], but specific information about their effectiveness against clinical
strains isolated from dogs affected by otitis are very scanty [3].

The present study focused on investigating the in vitro antibacterial and antifungal
activities of three commercial EOs versus clinical strains previously isolated from the ears
of dogs affected by otitis externa. In particular, EOs from O. vulgare, S. montana, and
T. vulgaris, as well as a mixture of these three components, were tested against isolates of
Staphylococcus sp., Streptococcus sp., Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae,
Serratia marcescens, and Malassezia pachydermatis.

2. Materials and Methods
2.1. Essential Oils

Three commercial EOs, obtained from oregano (Origanum vulgare L. subsp. hirticum),
savory (Satureja montana L.), and thyme (Thymus vulgaris L.), were employed in the study.
The EOs were obtained from FLORA® (Pisa, Italy). A mixture was prepared with equal
parts of the three oils. All EOs and the mixture were kept at 4 °C in dark glass vials; before
being used in the analyses, they were microbiologically tested for quality control.

2.2. Gas Chromatography—~Mass Spectrometry Analysis

The selected EOs were diluted to 5% in HPLC-grade n-hexane before the injection. The
Gas Chromatography-Mass Spectrometry (GC-MS) analyses were carried out following
the protocol previously reported by Pieracci et al. [9]. Agilent 7890B gas chromatograph
(Agilent Technologies Inc., Santa Clara, CA, USA) equipped with an Agilent HP-5MS
capillary column (30 m x 0.25 mm; coating thickness 0.25 um) and an Agilent 5977B
single quadrupole mass detector was used. The analytical conditions were the following:
oven temperature increasing from 60 to 240 °C at 3 °C/min; injector and transfer line
temperatures set at 220 °C and 240 °C, respectively; carrier gas helium flow set at 1 mL/min.
The injection volume was 1 pL, with a split ratio of 1:25. The acquisition parameters were:
full scan; scan range: 30-300 m1/z; scan time: 1.0 s. The identification of the constituents was
based on a comparison of the retention times with those of the authentic samples, comparing
their linear retention indices relative to the series of n-hydrocarbons. Computer matching
was also used against commercial (NIST 14 and ADAMS 2007) and laboratory-developed
mass spectra libraries built up from pure substances and components of commercial
essential oils of known composition and MS literature data [10-15].

2.3. Antibacterial Activity
2.3.1. Bacterial Strains

Forty-seven bacterial strains, 23 Gram positive (22 strains of Staphylococcus spp., 1 of
Streptococcus constellatus) and 24 Gram negative (16 strains of Pseudomonas aeruginosa, 6 of
Escherichia coli, 1 of Serratia marcescens, 1 of Klebsiella pneumoniae) were tested with the three
EOs and the mixture.
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All strains were previously cultured from ears of dogs affected by otitis externa.
After isolation, the strains were typed using API Staph, API Strep, API 20E, and API
20NE systems (BioMerieux, Milan, Italy) in relation to microbiological and Gram staining
characters. To discriminate between S. aureus and S. pseudointermedius, a multiplex-PCR
assay described by Sasaki et al. [16] was employed.

The strains were stored at —80 °C in glycerol broth. Before being employed in the an-
tibacterial activity analyses, each isolate was cultured in brain hearth infusion broth (BHIB,
Oxoid Ltd., Basingstoke, Hampshire, UK) at 37 °C for 24 h. Cultures of 1-2 x 10 CFU/mL,
corresponding to 0.5 McFarland standard, were used in the tests.

2.3.2. Antimicrobial Sensitivity Test

The disc diffusion method (EUCAST, The European Committee on Antimicrobial
Susceptibility Testing, disk diffusion method for anti-microbial susceptibility testing version
6.0) was used to verify the resistance to the following antimicrobials (Oxoid): penicillins
(amoxycillin and clavulanic acid, AMC, 20-10 ng; ampicillin, AMP, 10 ug), fluoroquinolones
(enrofloxacin, ENR, 5 pg), aminoglycosides (amikacin, AK, 30 ug; gentamicin, CN, 10 pg;
tobramycin, TOB, 10 pg), lincosamides (clindamycin, DA, 2 pg), ansamycins (rifampicin,
RD, 30 ug), folate pathway antagonist (trimethoprim-sulfamethoxazole, SXT, 19:1, 25 ug),
and tetracyclines (tetracycline, TE, 30 ng; doxycycline, DO, 30 ug). The antimicrobials were
selected on the basis of the antibiotic panel most frequently used in dogs by veterinarians.
The test was carried out on Mueller-Hinton agar plates (Oxoid) incubated at 35 °C for
1620 h; the results were interpreted on the basis of the breakpoints reported by EUCAST
or CLSI (The Clinical and Laboratory Standards Institute) [17,18].

2.3.3. EOs and Mixture Minimum Inhibitory Concentration

In order to verify the sensitivity of the bacterial strains to the three EOs and their mix-
ture, each bacterial isolate was tested to determine the minimum inhibitory concentration
(MIC) through the broth microdilution method, according to the guidelines reported by
CLSI [19] and the protocol reported by Ebani et al. [20]. The MIC value was the lowest
concentration, expressed in percentage (10%, 5%, 2.5%, 1.25%, 0.625%, 0.312%, 0.156%,
0.078%, 0.039%, 0.0195% (v/v)), of each EO and mixture at which bacteria show no visible
growth. The test was executed simultaneously to control bacterial growth (tested strain
and media) and sterility (tested EO and media). All tests were executed in triplicate.

2.4. Antifungal Activity

Five M. pachydermatis clinical strains were analyzed to verify their in vitro antifungal
sensitivity through microdilution method. The test was assessed using liquid m-Dixon
medium for preparing yeast suspensions, as previously described [21]. The isolates were
cultured from dogs affected by external otitis onto Mycobiotic agar (Thermo Fisher Scien-
tific, Rodano, Italy). The fungal isolates were tested against ketoconazole by E-test (AB
Biodisk, Solna, Sweden) to verify their susceptibility to this antimycotic drug, frequently
used to treat Malassezia infections [22]. The fungal strains were analyzed in triplicate versus
EOs and mixture diluted into the medium at concentrations of 10%, 5%, 4.5%, 4%, 3.75%,
3,5%, 3,25%, 3%,2.75; 2.5%, 2.25%, 2%, 1.5%, and 1%. MIC was determined as the lowest
EO/mixture concentration where no fungal growth was observed.

3. Results
3.1. Gas Chromatography—~Mass Spectrometry Analysis
The complete compositions of the analyzed commercial EOs and their mixture are

reported in Table 1. Overall, 43 compounds were identified, covering 99.1-100.0% of the
whole compositions.
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Table 1. Relative percentage of the main constituents of the tested essential oils.

Compounds Lri.!  Class Mixture Origanum Satureja Thymu.s
vulgare montana vulgaris
Relative Abundance + SD (%)
x-pinene 933 mh 0.4 £0.03 0.2 £0.01 0.2 £0.00 0.6 £ 0.02
camphene 948 mh 0.3 +0.02 -2 - 0.7 +0.01
1-octen-3-ol 977 nt - 0.2 £0.00 0.3 £0.01 -
-pinene 977 mh 0.3 £0.02 - - 0.5+ 0.01
myrcene 991 mh 0.3 +0.02 0.5+ 0.01 0.2 +0.00 -
d-3-carene 1011 mh - - - 0.140.00
a-terpinene 1017 mh 0.3 £0.01 0.3 £0.00 0.2 £0.01 0.1+0.01
o-cymene 1022 mh - - - 0.1+0.01
p-cymene 1024 mh 92£0.16 33+0.11 5.7 £0.08 18.7 £ 2.11
limonene 1029 mh 1.1+£0.01 - 0.1 £0.01 3.1+£0.26
1,8-cineole 1031 om 1.4+0.01 - - 5.1 £0.09
Y-terpinene 1058 mh 1.7 £ 0.03 1.8 £0.03 2.540.03 -
cis-sabinene hydrate 1066 om 0.1+0.01 0.2 +£0.02 0.1+0.01 -
terpinolene 1089 mh 0.2 £0.00 - - 0.4+ 0.01
trans-sabinene hydrate 1098 om - 0.1+£0.01 - -
linalool 1101 om 0.7 £0.02 - 1.0 £0.04 12+0.15
-terpineol 1144 om - - - 0.7 £+ 0.08
isoborneol 1156 om - - - 0.3 +£0.03
borneol 1165 om 1.0 £0.04 0.2 £0.01 1.3 £0.04 1.9+0.16
4-terpineol 1177 om 0.4 £0.02 0.5+ 0.01 0.7 £0.02 -
p-cymen-8-ol 1185 om 0.2 £0.02 - - 0.5 £0.06
o-terpineol 1191 om 1.0 £0.03 - 0.4 £ 0.01 3.6 £0.25
y-terpineol 1197 om 0.3 +0.01 - - 0.9 +0.10
nerol 1228 om 0.1 £0.02 - - 05+0.11
methyl carvacrol 1247 om 1.2 +£0.03 - 3.1+0.10 -
geraniol 1254 om 0.2 £0.01 - - 0.7 £0.16
bornyl acetate 1286 om 0.140.00 -
thymol 1292 om 17.1 £ 0.03 6.9 £0.03 9.5+ 0.15 43.6 + 0.07
carvacrol 1302 om 50.8 £1.26 78.0+0.23 60.0 £0.5 55+ 0.35
a-terpinyl acetate 1350 om 0.5 £0.05 - - 2.0=£0.10
thymol acetate 1355 om - - 0.1 £0.01 -
carvacrol acetate 1376 om - - 0.240.01 -
longifolene 1404 sh - - - 0.2 £0.00
f-caryophyllene 1419 sh 414022 324021 434021 3.2 £0.02
a-humulene 1453 sh 0.3 £0.03 0.2 £0.01 0.1 £0.00 0.3 £0.02
viridiflorene 1495 sh - - 0.1+0.01 -
[3-bisabolene 1509 sh 0.9 £0.11 0.8 £0.03 1.4 £ 0.06 -
trans-y-cadinene 1513 sh - - 0.1 £0.00 -
d-cadinene 1524 sh 0.1 £0.02 - 0.3 £0.01 -
spathulenol 1577 0s - - 0.2 £0.01 -
caryophyllene oxide 1582 0s 524+0.75 324+0.10 7.1 £0.06 444075
humulene oxide I 1608 0s 0.2 £0.04 0.1 £0.00 0.2 £0.01 0.2 £0.05
14-hydroxy-9-epi-(E)-caryophyllene 1670 0s 0.2 +0.05 - 0.5+ 0.03
Chemical classes Mixture Origanum Satureja Thymu's
vulgare montana vulgaris
Monoterpene hydrocarbons (mh) 14.0 + 0.08 6.4+ 0.17 8.9+ 0.13 24.3 +2.37
Oxygenated monoterpenes (om) 750+ 1.11 85.9 £+ 0.28 76.5 +0.21 66.5 + 1.53
Sesquiterpene hydrocarbons (sh) 544 0.37 424+0.24 6.3 +0.29 3.7+0.01
Oxygenated sesquiterpenes (os) 5.6 £0.83 3.3+0.10 8.0 £ 0.03 4.6 +£0.79
Other non-terpene derivatives (nt) - 0.2 £0.00 0.3 £0.01 -
Total identified (%) 100.0 £ 0.01 100.0 = 0.02 100.0 £ 0.01 99.1 £ 0.05

Legend. ! Linear retention index on a HP 5-MS capillary column; 2 Not detected; mh: monoterpene hydrocarbons;
om: oxygenated monoterpenes; sh: sesquiterpene hydrocarbons; os: oxygenated sesquiterpenes; nt: non-terpenes;
pp: phenylpropanoids; od: oxygenated diterpenes.
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The mixture was characterized by oxygenated monoterpenes as the main chemical
class of compounds, accounting for 75.0%, mainly represented by carvacrol (50.8%) and
thymol (17.1%). Carvacrol was found in very considerable percentages in the EOs of
O. vulgare and S. montanta, where it constituted 78.0 and 60.0% of the whole compositions,
respectively. The EO of T. vulgaris, instead, showed a much lower content of this component
(5.5%), but a higher amount of thymol (43.6%), responsible for the great content of this
molecule in the mixture.

Monoterpene hydrocarbons were the second most represented class in the mixture
sample, reaching 14.0%. p-Cymene, with 9.2%, was the most abundant compound belong-
ing to this class, and probably derived from the EO of T. vulgaris, in which it covered 18.7%
of the composition. However, it was found in not negligible percentages also in O. vulgare
(3.3%) and S. montana (5.7%) EOs.

Finally, sesquiterpenes in either their hydrocarbon or oxygenated forms were also
detected in the mixture, as well as in the individual EOs. 3-Caryophyllene and its oxide
were the most representative molecules belonging to these classes, and their content in the
mixture and in the singular EOs was very similar.

3.2. Antibacterial Activity
3.2.1. Antimicrobial Sensitivity Tests

The 22 analyzed staphylococci were resistant from 0 to 10 out of the 11 tested an-
timicrobials and showed 20 different resistance profiles (Table S1). The most effective
antimicrobials were amoxicillin/clavulanic acid (86.36% susceptible isolates), trimetho-
prim/sulfamethoxazole (77.27% susceptible isolates), and amikacin (72.73% susceptible
isolates). Most of the tested staphylococci were resistant to ampicillin (81.81%) and to-
bramycin (68.18%). Streptococcus constellatus was resistant only to tetracycline.

As regards bacteria of Enterobacteriaceae family, seven different resistance profiles
were determined (Table S2). Analyzed bacterial strains were resistant from three to ten
of the tested antimicrobials. The most effective antimicrobials were aminoglycosides and
enrofloxacin, whereas 50.00% of tested isolates were resistant to doxycycline, tetracycline, and
trimethoprim/sulfamethoxazole. More than 50% of tested E. coli were resistant to ampicillin.
All Enterobacteriaceae were intrinsically resistant to clindamycin and rifampicin, S. marcescens
is intrinsically resistant to ampicillin and amoxicillin/clavulanic acid, and K. pneumoniae is
intrinsically resistant to ampicillin; obtained data are in line with these statements.

Pseudomonas aeruginosa isolates showed 11 different antimicrobial resistance profiles
and resulted in resistance from 5 to 11 of the tested molecules (Table S3). Pseudomonas
aeruginosa bacteria are intrinsically resistant to ampicillin, amoxicillin/clavulanic acid,
tetracycline, trimethoprim/sulfamethoxazole, clindamycin, and rifampicin. This is con-
firmed by our data. Considering the remaining antimicrobials tested, tobramycin was the
most effective (75.00% of susceptible isolates), whereas high resistance was detected for
enrofloxacin (68.75%).

3.2.2. EOs and Mixture Minimum Inhibitory Concentration

MIC values showed antibacterial properties of the selected EOs and their mixture
against almost all tested isolates. The growth of Gram-positive strains was inhibited by all
EOs and the mixture. In detail, MIC obtained with O. vulgare EO ranged from <0.0195% to
0.156%, with S. montana from 0.078% to 0.312%, with T. vulgaris from <0.0195% to 0.625%.
The mixture gave the lowest MIC values: 12/23 tested strains had MIC <0.0195%, 8/23
strains had MIC 0.039%, 3/23 had MIC 0.078% (Table 2).
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Table 2. MIC values of the tested EOs and mixture expressed in percentage (v/v) against the selected
Gram-positive isolates.

Identification Origanum  Satureja Thymus
Number of the Bacterial Species 8 ] ym Mixture
Isolate vulgare montana  vulgaris
T10 Staphylococcus aureus 0.156 0.156 0.312 0.039
T20 Staphylococcus aureus 0.078 0.156 0.156 <0.0195
133G Staphylococcus aureus 0.078 0.156 0.312 <0.0195
T39 Staphylococcus aureus 0.078 0.039 0.312 <0.0195
T42 Staphylococcus aureus 0.039 0.039 0.078 <0.0195
248 Staphylococcus aureus 0.078 0.156 0.625 0.039
501 Staphylococcus aureus 0.078 0.156 0.312 0.078
387 Staphylococcus aureus 0.078 0.078 0.312 <0.0195
T15 Staphylococcus auricularis 0.078 0.156 0.312 0.039
132 Staphylococcus capitis 0.156 0.156 1.25 <0.0195
530 A Staphylococcus capitis 0.078 0.156 0.312 0.078
T11 Staphylococcus 0.156 0.156 0.312 0.039
chromogenes
3 Staphylococcus 0.156 0.156 0.312 0.039
epidermidis
T22 Staphylococcus 0.156 0.156 0.625 <0.0195
epidermidis
T26 Staphylococcus <0.0195 0.078 0.156 <0.0195
epidermidis
T28 Staphylococcus hominis 0.156 0.312 0.625 0.039
T53 Staphylococcus 0.078 0.156 0.156 <0.0195
pseudointermedius
T33P Staphylococcus 0312 0.156 0.625 0.039
lugdunensis
T27 Staphylococcus simulans <0.0195 <0.0195 <0.0195 <0.0195
131G Staphylococcus simulans 0.156 0.156 0.312 <0.0195
208 A Staphylococcus xylosus 0.156 0.156 0.625 0.039
234 2A Staphylococcus xylosus 0.078 0.156 0.625 0.078
T54 Streptococcus constellatus 0.039 0.078 0.078 <0.0195

Gram-negative isolates were less sensitive to the employed EOs, when compared to
the tested Gram-positive strains. In fact, one P. aeruginosa strain was resistant to O. vulgare,
three to S. montana, and ten to T. vulgaris, as well as one E. coli strain to T. vulgaris and
one P. aeruginosa to the mixture. Detected MIC values ranged from 0.039% to 0.625% with
O. vulgare, from 0.039% to 2.5% with S. montana, from 0.156% to 5% with T. vulgaris. The
mixture was more active with MICs < 0.0195% (3/6 E. coli isolates, 1/1 K. pneumoniae
isolate), 0.039% (2/6 E. coli, 1/16 P. aeruginosa, 1/1 S. marcescens strains), 0.078% (1/6 E. coli,
1/16 P. aeruginosa strains), 0.156% (4/16 P. aeruginosa strains), 0.312% (3/16 P. aeruginosa
strains), 0.625% (2/16 P. aeruginosa strains), 1.25% (2/16 P. aeruginosa strains), 5% (2/16
P. aeruginosa strains); only one P. aeruginosa isolate was resistant (Table 3).

Considering the bacterial species, one strain of E. coli (856A1) was resistant to T. vul-
garis, and it was inhibited by O. vulgaris with 1.25% MIC value, but lowest MICs (0.039%)
were obtained with S. montana and the mixture. The remaining five E. coli isolates were
sensible to the three EOs, even though they showed the lowest MICs when assayed with
the mixture. Both K. pneumoniae and S. marcescens were sensible to the three EOS and lower
MICs were observed with the mixture (<0.0195% and 0.039%, respectively).

Different results were obtained when testing P. aeruginosa isolates in relation to EOs
and bacterial strain. One isolate was resistant to O. vulgare, three to S. montana and ten to
T. vulgaris. Except for isolate 535A, all strains were inhibited by the mixture.



Vet. Sci. 2023, 10, 30 7 of 12

Table 3. MIC values of the tested EOs and mixture expressed in percentage (v/v) against the selected
Gram-negative isolates.

Identification

Number Bacterial Species Orz(ganum Satureja Thymu‘s Mixture
of the Isolate vulgare montana  vulgaris
33B Escherichia coli 0.078 0.156 0.625 0.039
198 Escherichia coli 0.078 0.156 0.625 <0.0195
502 B Escherichia coli 0.156 0.078 0.625 0.078
856 Al Escherichia coli 1.25 0.039 >10 0.039
856 B1 Escherichia coli 0.156 0.156 0.312 <0.0195
858 A Escherichia coli 0.156 0.156 0.156 <0.0195
220B Klebsiella pneumoniae 0.156 0.156 1.25 <0.0195
178 Pseudomonas aeruginosa 0.156 >10 >10 0.156
348 B Pseudomonas aeruginosa 0.625 >10 >10 0.312
389 Pseudomonas aeruginosa 1.25 >10 >10 0.312
417 Pseudomonas aeruginosa 0.625 2.5 5 0.625
465 Pseudomonas aeruginosa 0.312 0.312 >10 0.156
502 A Pseudomonas aeruginosa 1.25 0.312 >10 0.156
535 A Pseudomonas aeruginosa 0.312 2.5 >10 >10
768 Pseudomonas aeruginosa 0.312 1.25 1.25 0.078
822 Al Pseudomonas aeruginosa >10 2.5 >10 0.156
856 A2 Pseudomonas aeruginosa 0.625 1.25 2.5 0.312
856 B2 Pseudomonas aeruginosa 0.625 2.5 5 1.25
858 B Pseudomonas aeruginosa 0.625 1.25 >10 1.25
875 B1 Pseudomonas aeruginosa 0.625 0.156 >10 0.625
876 A Pseudomonas aeruginosa 2.5 0.625 >10 5
876 B2 Pseudomonas aeruginosa 0.312 0.156 0.312 0.039
1034 Pseudomonas aeruginosa 0.039 1.25 0.156 5
100 Serratia marcescens 0.156 0.156 0.625 0.039

3.3. Antifungal Activity

All isolates were sensible to ketoconazole. Satureja montana EO appeared as the more
active compound, with MIC values of 2% in four out of five fungal isolates, followed by the
other EOs with similar results. Interestingly, MICs of the mixture appeared slightly higher
than those showed by S. montana, suggesting a possible antagonistic effect of the three oils,
although the mixture was more effective with respect to O. vulgare and T. vulgaris alone
(Table 4).

Table 4. MIC values of the tested EOs and mixture expressed in percentage (v/v) against the selected
Malassezia pachydermatis isolates.

Fungal Isolates Origanum  Satureja Thymu's Mixture Ketoconazole
vulgare montana  vulgaris (ug)
Malassezia pachydermatis 1 4 2 4 3 0.02
Malassezia pachydermatis 2 3.75 2 4 3 0.04
Malassezia pachydermatis 3 4 2.25 4.25 3.5 0.02
Malassezia pachydermatis 4 4 2 4 3.25 0.02
Malassezia pachydermatis 5 4 2 4 3 0.02

4. Discussion

The findings of the present study showed antimicrobial properties of commercial
EOs from O. vulgare, S. montana, and T. vulgaris against Gram-positive and Gram-negative
bacteria, and M. pachydermatis, even though differences were observed in relation to the
bacterial or fungal isolate and the tested EO.

Members of Staphylococcus genus are Gram-positive bacteria acting as mammalian
commensals that can colonize mucosal membrane, nares, skin, and ears. Different staphy-
lococcal species are frequently isolated from the ears of dogs affected by otitis. This is
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difficult to resolve because of resistance of these bacteria to many antibiotics. Resistance
to methicillin and other antimicrobials are a spread threat with severe implications on
animal and human health [23]. The tested staphylococcal isolates were resistant to several
antibiotics and most of them were resistant to ampicillin (81.81%) and tobramycin (68.18%)
in accordance with other surveys [23-28].

Oregano, savory, and thyme EOs were active against the tested Staphylococcus isolates
in agreement with data reported by other investigations [3,29-33]. Low MIC values were
found when testing the isolates against the three EOs; moreover, the sensitivity of Staphylo-
coccus spp. strains increased (<0.0195% v/v in 11/22 isolates) when they were assayed with
the mixture.

One strain of S. constellatus has been evaluated in this survey. Unfortunately, only one
streptococcal isolate was available, therefore it is difficult to verify the real sensitivity of
streptococci against the EOs. However, the tested strain was resistant to tetracycline, but
wassensitive to oregano, thyme, and savory EOs and their mixture (MIC < 0.0195%). Data
about the activity of EOs against this bacterial species are not present in the literature, but in
previous studies Origanum compactum, T. vulgaris, S. montana, as well as Cinnamomum verum
and Cymbopogon citratus, were active against a human strain of Streptococcus pyogens [34].

Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen able to infect sev-
eral tissues, including skin and the external ear of pet animals. It is frequently encountered
in human hospital-acquired infections, and it has often been found in wastewaters [35].
The natural resistance of this bacterium and the large circulation of multidrug-resistant
strains result in the failure of antibiotic therapies in human and veterinary medicine. The
16 P. aeruginosa isolates tested in this survey showed a high level of antibiotic-resistance;
these results highlighted that P. aeruginosa strains often represent a serious issue for the
health status of dogs for which it is difficult to find an appropriate therapy.

Previous studies investigated different EOs to detect natural antimicrobials with
activity against P. aeruginosa antibiotic-resistant strains [35-37]. Recently, Van et al. [35]
observed antibacterial activity of the thyme EO against P. aeruginosa multidrug-resistant
isolates, cultured from human clinical samples and wastewaters. Similar observations
have been reported in other investigations. It was observed that red thyme EO was more
active against biofilm cells than their planktonic counterparts of both P. aeruginosa and
Pseudomonas putida [38]. Moreover, Pandur et al. [39] found a good antioxidant activity
of T. vulgaris EOs obtained at different phonologic phases of the plant. In particular, they
observed that these EOs and thymol increased catalase and superoxide dismutase activity
as well as the antioxidant capacity of the THP-1 macrophages.

Escherichia coli is a Gram-negative bacterium of Enterobacteriaceae family acting as
commensal or pathogen in humans and animals. In dogs, it can cause not only intestinal
infections, but also infections of genito-urinary tract, skin and external ear canal. Escherichia
coli is intrinsically susceptible to the most frequently employed antimicrobials; however,
this bacterial species is able to acquire resistance genes, mainly through horizontal gene
transfer [40]. The isolates tested in this survey were resistant to two or more antibiotics,
confirming that this species is often involved in the antibiotic-resistance issue.

Our results showed that the three selected EOs were active against the tested E. coli
strains, except for the strain 856A1 that was not inhibited by T. vulgaris. The best results
were obtained when testing E. coli isolates with the mixture; in fact, MIC values were
generally lower than those obtained with the singular EOs. To the best of our knowledge,
data regarding the activity of EOs against E. coli strains responsible for animal otitis externa
are not available in the literature, thus our results are not easily compared to other studies.

Previous papers evidenced the in vitro activity of some EOs against E. coli isolated from
other sources. Cinnamomum zeylanicum, O. vulgare, T. vulgaris, and Syzygium aromaticum
EOs showed antimicrobial effects when tested against an enteroinvasive E. coli strain [41].
Good activity of O. vulgare and T. vulgaris was also detected against multi-drug resistant
E. coli strains isolated from canine urinary tract infections [42].
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Klebsiella pneumoniae and S. marcescens are two species belonging to Enterobacteriaceae
family, less frequently involved in otitis of animals. The two isolates tested in this study
were resistant to different antimicrobials, showing that these bacterial species, even though
not frequently involved in canine otitis cases, may be a serious threat for the choice of an
effective antibiotic. Few studies about the activity of EOs against these bacteria have been
performed [43-46], and no data about their effectiveness against strains isolated from cases
of otitis are available. As a bacteria belonging to the same family of E. coli, and thus having
a very similar bacterial cell wall, it is supposable that the same EOs that were active versus
E. coli may inhibit K. pneumoniae and S. marcescens, as suggested by our results, which
showed the sensitivity of the tested strains versus the three EOs and their mixture.

Our results highlighted sensitivity differences to EOs between Gram-positive and
Gram-negative bacteria due to their different cell wall structure. Hydrophobic molecules
can get into Gram-positive bacteria and act on the cell wall and cytoplasm, thanks to
the cell wall structure [47,48]. Antimicrobial EOs are able to damage the cell wall and
cytoplasmic membrane of bacteria, with consequent cell lysis and leakage of intracellular
compounds [29]. However, EOs employed in this survey had good activity against all
tested isolates and their antimicrobial properties were enhanced when they were used in
the mixture.

MIC values of the selected EOs against M. pachydermatis appeared in agreement with
the results of studies previously published [33,49]; however, the three EOs in combination
did not yield any synergistic effect, suggesting the best efficacy of S. montana alone.

The EO of S. montana were characterized by carvacrol and thymol as major detected
compounds. The results partially agreed with different literature studies, all reporting a
strong prevalence of the former compound, but also very noticeable amounts of p-cymene
and a lower content of the oxygenated monoterpene thymol. This molecule, instead, was
the most important one found in the analyzed T. vulgaris EO, whose chemical composition
was partially in agreement with the findings observed by Najar et al. [50] for the “Thymol
chemotype”, in which thymol was found as the most important compound, followed by
p-cymene. However, the content of y-terpinene, which in our work was totally absent, in
the cited work reached good amounts, almost accounting for 5%. These findings were in
agreement with our previous study [42], also reporting the chemical composition of the EO
of O. vulgare. The cited work evidenced a prevalence of carvacrol and p-cymene, consistent
with our results, but it did not report the presence of thymol, found, instead, in our sample.

5. Conclusions

EOs from O. vulgare, S. montana and T. vulgaris were generally active against the main
bacterial species involved in otitis externa of dogs. Their in vitro antimicrobial properties
were enhanced when they were combined in a mixture, inhibiting the bacterial growth at
very low MIC values. Conversely, M. pachydermatis was more sensitive to S. montana EO
alone, suggesting an antagonistic effect of the three EOs within the mixture.

Considering that otitis externa is a recurrent or persistent problem in many dogs, due
to antimicrobial-resistant bacteria involved in the infections, and thus to the difficulty of
finding an appropriate therapy, EOs of O. vulgare, S. montana and T. vulgaris could represent
useful alternative remedies. Moreover, the use of a mixture containing the three oils in
equal parts may inhibit the bacterial growth using very low EOs concentration.

Previous surveys investigated the antimicrobial properties of oregano, thyme, and
savory, but most of them were carried out on reference strains or few clinical isolates;
furthermore, data about the sensitivity of bacterial or fungal strains of canine origin to
these natural products are almost absent in the scientific literature. Our study gives data
about the in vitro activity of oregano, thyme, and savory EOs and their mixture after
testing several clinical isolates. The promising results, mainly those regarding the enhanced
antibacterial effectiveness of the mixture, suggest the need to perform in vivo studies.



Vet. Sci. 2023, 10, 30 10 of 12

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /vetsci10010030/s1, Table S1: Antimicrobial resistance profiles for
each examined Gram-positive isolate; Table S2: Antimicrobial resistance profiles for each examined
Enterobacteriaceae isolate. Table S3: Antimicrobial resistance profiles for each examined Pseudomonas
aeruginosa isolate.

Author Contributions: Conceptualization, V.V.E.; methodology, Y.P., G.C., EB., C.M. and S.N.; data
curation, Y.P, G.C,, EB., CM. and S.N.; writing—original draft preparation, V.V.E., Y.P. and EM.;
writing—review and editing, V.V.E., L.P. and EM. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are reported in the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bajwa, J. Canine otitis externa—Treatment and complications. Can. Vet. J. 2019, 60, 97-99. [PubMed]

Zamankhan Malayeri, H.; Jamshidi, S.; Zahraei Salehi, T. Identification and antimicrobial susceptibility patterns of bacteria
causing otitis externa in dogs. Vet. Res. Commun. 2010, 34, 435-444. [CrossRef] [PubMed]

Ebani, V.V; Nardoni, S.; Bertelloni, F.; Najar, B.; Pistelli, L.; Mancianti, F. Antibacterial and Antifungal Activity of Essential Oils
against Pathogens Responsible for Otitis Externa in Dogs and Cats. Medicines 2017, 4, 21. [CrossRef]

Rougier, S.; Borell, D.; Pheulpin, S.; Woehrlé, F.; Boisramé, B. A comparative study of two antimicrobial/anti-inflammatory
formulations in the treatment of canine otitis externa. Vet. Dermatol. 2005, 16, 299-307. [CrossRef] [PubMed]

King, S.B.; Doucette, K.P.; Seewald, W.; Forster, S.L. A randomized, controlled, single-blinded, multicenter evaluation of the
efficacy and safety of a once weekly two dose otic gel containing florfenicol, terbinafine and betamethasone administered for the
treatment of canine otitis externa. BMC Vet. Res. 2018, 14, 307. [CrossRef] [PubMed]

Boone, ] M.; Bond, R.; Loeffler, A.; Ferguson, E.A.; Hendricks, A. Malassezia otitis unresponsive to primary care: Outcome in 59
dogs. Vet. Dermatol. 2021, 32, 441. [CrossRef] [PubMed]

Guillot, J.; Bond, R. Malassezia Yeasts in Veterinary Dermatology: An Updated Overview. Front. Cell. Infect. Microbiol. 2020,
10, 79. [CrossRef]

Ebani, V.V,; Mancianti, F. Use of Essential Oils in Veterinary Medicine to Combat Bacterial and Fungal Infections. Vet. Sci. 2020,
7,193. [CrossRef] [PubMed]

Pieracci, Y.; Ciccarelli, D.; Giovanelli, S.; Pistelli, L.; Flamini, G.; Cervelli, C.; Mancianti, F.; Nardoni, S.; Bertelloni, F.; Ebani, V.V.
Antimicrobial Activity and Composition of Five Rosmarinus (Now Salvia spp. and Varieties) Essential Oils. Antibiotics 2021,
10, 1090. [CrossRef]

Adams, R.P.R.P. Identification of Essential Oil Components by Gas Chromatography/Mass Spectroscopy; Carol, S., Ed.; Allured Publishing
Corporation: Carol Stream, IL, USA, 2007; ISBN 1932633219.

Davies, N. Gas chromatographic retention indices of monoterpenes and sesquiterpenes on methyl silicon and Carbowax 20M
phases. |. Chromatogr. A 1990, 503, 1-24. [CrossRef]

Jennings, W.; Shibamoto, T. Qualitative Analysis of Flavor and Fragrance Volatiles by Glass Capillary Gas Chromatography; Academic
Press: New York, NY, USA; London, UK; Sydney, Australia; Toronto, ON, Canada; San Francisco, CA, USA, 1982; Volume 26.
Masada, Y. Analysis of Essential Oils by Gas Chromatography and Mass Spectrometry; John Wiley & Sons, Inc.: New York, NY, USA,
1976; ISBN 047015019X.

Stenhagen, E.; Abrahamsson, S.; McLafferty, EW. Registry of Mass Spectral Data; Wiley & Sons: New York, NY, USA, 1974.
Swigar, A.A; Silverstein, R.M. Monoterpenes; Aldrich Chemical Company: Milwaukee, WI, USA, 1981.

Sasaki, T.; Tsubakishita, S.; Tanaka, Y.; Sakusabe, A.; Ohtsuka, M.; Hirotaki, S.; Kawakami, T.; Fukata, T.; Hiramatsu, K. Multiplex-
PCR method for species identification of coagulase-positive staphylococci. J. Clin. Microbiol. 2010, 48, 765-769. [CrossRef]
[PubMed]

EUCAST (The European Committee on Antimicrobial Susceptibility Testing). Breakpoint Tables for Interpretation of MICs and Zone
Diameters; Version 10.0; EUCAT: Vaxjo, Sweden, 2020.

CLSI (Clinical and Laboratory; Standards Institute). Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fifth
Informational Supplement; CLSI Document M100-525; Clinical and Laboratory Standars Institute: Wayne, PA, USA, 2015.
CLSI—National Committee for Clinical Laboratory Standards. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
That Grow Aerobically; National Committee for Clinical Laboratory Standards: Wayne, PA, USA, 1990.


https://www.mdpi.com/article/10.3390/vetsci10010030/s1
https://www.mdpi.com/article/10.3390/vetsci10010030/s1
http://www.ncbi.nlm.nih.gov/pubmed/30651659
http://doi.org/10.1007/s11259-010-9417-y
http://www.ncbi.nlm.nih.gov/pubmed/20526674
http://doi.org/10.3390/medicines4020021
http://doi.org/10.1111/j.1365-3164.2005.00465.x
http://www.ncbi.nlm.nih.gov/pubmed/16238809
http://doi.org/10.1186/s12917-018-1627-5
http://www.ncbi.nlm.nih.gov/pubmed/30305092
http://doi.org/10.1111/vde.12995
http://www.ncbi.nlm.nih.gov/pubmed/34189776
http://doi.org/10.3389/fcimb.2020.00079
http://doi.org/10.3390/vetsci7040193
http://www.ncbi.nlm.nih.gov/pubmed/33266079
http://doi.org/10.3390/antibiotics10091090
http://doi.org/10.1016/S0021-9673(01)81487-4
http://doi.org/10.1128/JCM.01232-09
http://www.ncbi.nlm.nih.gov/pubmed/20053855

Vet. Sci. 2023, 10, 30 11 of 12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Ebani, V.V.; Nardoni, S.; Bertelloni, F; Giovanelli, S.; Rocchigiani, G.; Pistelli, L.; Mancianti, F. Antibacterial and antifungal activity
of essential oils against some pathogenic bacteria and yeasts shed from poultry. Flav. Fragr. ]. 2016, 31, 302-309. [CrossRef]
Nardoni, S.; Pistelli, L.; Baronti, I.; Najar, B.; Pisseri, F.; Bandeira Reidel, R.V.; Papini, R.; Perrucci, S.; Mancianti, F. Traditional
Mediterranean plants: Characterization and use of an essential oils mixture to treat Malassezia otitis externa in atopic dogs. Nat.
Prod. Res. 2017, 31, 1891-1894. [CrossRef] [PubMed]

Nijima, M.; Kano, R.; Nagata, M.; Hasegawa, A.; Kamata, H. An azole-resistant isolate of Malassezia pachydermatis. Vet. Microbiol.
2011, 149, 288-290. [CrossRef]

Bertelloni, F.; Cagnoli, G.; Ebani, V.V. Virulence and Antimicrobial Resistance in Canine Staphylococcus spp. Isolates. Microorganisms
2021, 9, 515. [CrossRef] [PubMed]

El-Baz, A.M.; Yahya, G.; Mansour, B.; El-Sokkary, M.M.A.; Alshaman, R.; Alattar, A.; El-Ganiny, A.M. The Link between
Occurrence of Class I Integron and Acquired Aminoglycoside Resistance in Clinical MRSA Isolates. Antibiotics 2021, 10, 488.
[CrossRef]

Dong, Q.; Wang, Q.; Zhang, Y.; Chen, Y.; Wang, H.; Ding, H. Prevalence, antimicrobial resistance, and staphylococcal toxin genes
of blaTEM-1a-producing Staphylococcus aureus isolated from animals in Chongqing, China. Vet. Med. Sci. 2022. [CrossRef]
Zhang, J.; Wang, J.; Jin, J; Li, X,; Zhang, H.; Shi, X.; Zhao, C. Prevalence, antibiotic resistance, and enterotoxin genes of
Staphylococcus aureus isolated from milk and dairy products worldwide: A systematic review and meta-analysis. Food Res. Int.
2022, 162, 111969. [CrossRef]

Gajewska, J.; Chajecka-Wierzchowska, W.; Zadernowska, A. Occurrence and Characteristics of Staphylococcus aureus Strains along
the Production Chain of Raw Milk Cheeses in Poland. Molecules 2022, 27, 6569. [CrossRef]

Vercruysse, E.M.; Narinx, EP; Rives, A.C.M.; Sauvage, A.C.; Grauwels, M.F.,; Monclin, S.J. Equine ulcerative keratitis in Belgium:
Associated bacterial isolates and in vitro antimicrobial resistance in 200 eyes. Vet. Ophthalmol. 2022, 25, 326-337. [CrossRef]
Sakkas, H.; Economou, V.; Gousia, P; Bozidis, P.; Sakkas, V.A.; Petsios, S.; Mpekoulis, G.; Ilia, A.; Papadopoulou, C. Antibacterial
Efficacy of Commercially Available Essential Oils Tested Against Drug-Resistant Gram-Positive Pathogens. Appl. Sci. 2018,
8,2201. [CrossRef]

Maccelli, A.; Vitanza, L.; Imbriano, A.; Fraschetti, C.; Filippi, A.; Goldoni, P.; Maurizi, L.; Ammendolia, M.G.; Crestoni, M.E,;
Fornarini, S.; et al. Satureja montana L. Essential Oils: Chemical Profiles/Phytochemical Screening, Antimicrobial Activity and
O/W NanoEmulsion Formulations. Pharmaceutics 2019, 12, 7. [CrossRef]

Santos, ].D.C.; Coelho, E.; Silva, R.; Passos, C.P,; Teixeira, P.; Henriques, I.; Coimbra, M.A. Chemical composition and antimicrobial
activity of Satureja montana byproducts essential oils. Ind. Crop. Prod. 2019, 137, 541-548. [CrossRef]

Xiao, S.; Cui, P,; Shi, W.; Zhang, Y. Identification of essential oils with activity against stationary phase Staphylococcus aureus.
BMC Complement. Med. Ther. 2020, 20, 99. [CrossRef] [PubMed]

Ebani, V.V.; Bertelloni, F.; Najar, B.; Nardoni, S.; Pistelli, L.; Mancianti, F. Antimicrobial Activity of Essential Oils against
Staphylococcus and Malassezia Strains Isolated from Canine Dermatitis. Microorganisms 2020, 8, 252. [CrossRef] [PubMed]

Sfeir, J.; Lefrancois, C.; Baudoux, D.; Derbré, S.; Licznar, P. In Vitro Antibacterial Activity of Essential Oils against Streptococcus
pyogenes. Evid. Based Complement. Altern. Med. 2013, 2013, 269161. [CrossRef] [PubMed]

Van, L.T.; Hagiu, I.; Popovici, A.; Marinescu, F.; Gheorghe, 1.; Curutiu, C.; Ditu, L.M.; Holban, A.-M.; Sesan, T.E.; Lazar, V.
Antimicrobial Efficiency of Some Essential Oils in Antibiotic-Resistant Pseudomonas aeruginosa Isolates. Plants 2022, 11, 2003.
[CrossRef]

Pereira, V.; Dias, C.; Vasconcelos, M.; Rosa, E.; Saavedra, M. Antibacterial activity and synergistic effects between Eucalyptus
globulus leaf residues (essential oils and extracts) and antibiotics against several isolates of respiratory tract infections (Pseudomonas
aeruginosa). Ind. Crop. Prod. 2014, 52, 1-7. [CrossRef]

Ghaderi, L.; Aliahmadi, A.; Ebrahimi, S.N.; Rafati, H. Effective Inhibition and eradication of Pseudomonas aeruginosa biofilms by
Satureja khuzistanica essential oil nanoemulsion. J. Drug Deliv. Sci. Technol. 2021, 61, 102260. [CrossRef]

Kavanaugh, N.L.; Ribbeck, K. Selected antimicrobial essential oils eradicate Pseudomonas spp. and Staphylococcus aureus
biofilms. Appl. Environ. Microbiol. 2012, 78, 4057-4061. [CrossRef]

Pandur, E.; Micalizzi, G.; Mondello, L.; Horvath, A ; Sipos, K.; Horvath, G. Antioxidant and Anti-Inflammatory Effects of Thyme
(Thymus vulgaris L.) Essential Oils Prepared at Different Plant Phenophases on Pseudomonas aeruginosa LPS-Activated THP-1
Macrophages. Antioxidants 2022, 11, 1330. [CrossRef] [PubMed]

Poirel, L.; Madec, ].Y.; Lupo, A.; Schink, A.K,; Kieffer, N.; Nordmann, P.; Schwarz, S. Antimicrobial Resistance in Escherichia coli.
Microbiol. Spectr. 2018, 6, 14. [CrossRef] [PubMed]

Dusan, F,; Marian, S.; Katarina, D.; Dobroslava, B. Essential oils—Their antimicrobial activity against Escherichia coli and effect
on intestinal cell viability. Toxicol. Vitr. 2006, 20, 1435-1445. [CrossRef] [PubMed]

Ebani, V.V,; Nardoni, S.; Bertelloni, F; Pistelli, L.; Mancianti, F. Antimicrobial activity of five essential oils against bacteria and
fungi responsible for urinary tract infections. Molecules 2018, 23, 1668. [CrossRef] [PubMed]

Hammer, K.A.; Carson, C.F; Riley, T.V. Antimicrobial activity of essential oils and other plant extracts. J. Appl. Microbiol. 1999, 86,
985-990. [CrossRef] [PubMed]

Dorman, H.J.; Deans, S.G. Antimicrobial agents from plants: Antibacterial activity of plant volatile oils. J. Appl. Microbiol. 2000,
88, 308-316. [CrossRef]


http://doi.org/10.1002/ffj.3318
http://doi.org/10.1080/14786419.2016.1263853
http://www.ncbi.nlm.nih.gov/pubmed/27917678
http://doi.org/10.1016/j.vetmic.2010.10.010
http://doi.org/10.3390/microorganisms9030515
http://www.ncbi.nlm.nih.gov/pubmed/33801518
http://doi.org/10.3390/antibiotics10050488
http://doi.org/10.1002/vms3.1028
http://doi.org/10.1016/j.foodres.2022.111969
http://doi.org/10.3390/molecules27196569
http://doi.org/10.1111/vop.12985
http://doi.org/10.3390/app8112201
http://doi.org/10.3390/pharmaceutics12010007
http://doi.org/10.1016/j.indcrop.2019.05.058
http://doi.org/10.1186/s12906-020-02898-4
http://www.ncbi.nlm.nih.gov/pubmed/32209108
http://doi.org/10.3390/microorganisms8020252
http://www.ncbi.nlm.nih.gov/pubmed/32069976
http://doi.org/10.1155/2013/269161
http://www.ncbi.nlm.nih.gov/pubmed/23662123
http://doi.org/10.3390/plants11152003
http://doi.org/10.1016/j.indcrop.2013.09.032
http://doi.org/10.1016/j.jddst.2020.102260
http://doi.org/10.1128/AEM.07499-11
http://doi.org/10.3390/antiox11071330
http://www.ncbi.nlm.nih.gov/pubmed/35883820
http://doi.org/10.1128/microbiolspec.ARBA-0026-2017
http://www.ncbi.nlm.nih.gov/pubmed/30003866
http://doi.org/10.1016/j.tiv.2006.06.012
http://www.ncbi.nlm.nih.gov/pubmed/16919909
http://doi.org/10.3390/molecules23071668
http://www.ncbi.nlm.nih.gov/pubmed/29987237
http://doi.org/10.1046/j.1365-2672.1999.00780.x
http://www.ncbi.nlm.nih.gov/pubmed/10438227
http://doi.org/10.1046/j.1365-2672.2000.00969.x

Vet. Sci. 2023, 10, 30 12 0of 12

45.

46.

47.

48.

49.

50.

Chaudhry, N.M.A.; Saeed, S.; Tariq, P. Antibacterial effects of oregano (Origanum vulgare) against gram negative bacilli. Pak. J. Bot.
2007, 39, 609-613.

Vasconcelos, N.G.; Queiroz, ] H.ES,; Silva, K.E.D.; Vasconcelos, P.C.P; Croda, J.; Simionatto, S. Synergistic effects of Cinnamomum
cassia L. essential oil in combination with polymyxin B against carbapenemase-producing Klebsiella pneumoniae and Serratia
marcescens. PLoS ONE 2020, 15, e0236505. [CrossRef]

Nazzaro, F,; Fratianni, F.; De Martino, L.; Coppola, R.; De Feo, V. Effect of Essential Oils on Pathogenic Bacteria. Pharmaceuticals
2013, 6, 1451-1474. [CrossRef]

Lopez Romero, J.; Gonzalez-Rios, H.; Borges, A.; Simoes, M. Antibacterial effects and mode of action of selected essential oils
components against Escherichia coli and Staphylococcus aureus. J. Evid. Based Complement. Altern. Med. 2015, 2015, 795435.
[CrossRef]

Bismarck, D.; Dusold, A.; Heusinger, A.; Miiller, E. Antifungal in vitro Activity of Essential Oils against Clinical Isolates of
Malassezia pachydermatis from Canine Ears: A Report from a Practice Laboratory. Complement. Med. Res. 2020, 27, 143-154.
[CrossRef] [PubMed]

Najar, B.; Pistelli, L.; Ferri, B.; Angelini, L.G.; Tavarini, S. Crop Yield and Essential Oil Composition of Two Thymus vulgaris
Chemotypes along Three Years of Organic Cultivation in a Hilly Area of Central Italy. Molecules 2021, 26, 5109. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1371/journal.pone.0236505
http://doi.org/10.3390/ph6121451
http://doi.org/10.1155/2015/795435
http://doi.org/10.1159/000504316
http://www.ncbi.nlm.nih.gov/pubmed/31775141
http://doi.org/10.3390/molecules26165109
http://www.ncbi.nlm.nih.gov/pubmed/34443694

	Introduction 
	Materials and Methods 
	Essential Oils 
	Gas Chromatography—Mass Spectrometry Analysis 
	Antibacterial Activity 
	Bacterial Strains 
	Antimicrobial Sensitivity Test 
	EOs and Mixture Minimum Inhibitory Concentration 

	Antifungal Activity 

	Results 
	Gas Chromatography—Mass Spectrometry Analysis 
	Antibacterial Activity 
	Antimicrobial Sensitivity Tests 
	EOs and Mixture Minimum Inhibitory Concentration 

	Antifungal Activity 

	Discussion 
	Conclusions 
	References

