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Multidrug resistant (MDR) bacteria are creating a serious challenge to treat
diseases. The present study was aimed to evaluate the antibacterial and antibiofilm
activity of four different essential oils (Melissa officinalis L., Nigella sativa L.,
Laurus nobilis L., and Origanum onites L.) against MDR bacteria from cats and
dogs. Methicillin-resistant Staphylococcus aureus (MRSA), two different multi-
drug resistant S. aureus (MDR SA1 and MDR SA?2), and Escherichia coli (ESBL
E. coli) that contained extended-spectrum beta-lactamases strains were used in the
study. Effectiveness of these oils against MDR bacteria was determined through
concentrations

(MIC) test, minimum bactericidal

concentrations (MBC) test and antibiofilm assay. Results the inhibitory effect of
essential oils determined activity as oregano>melissa>laurel=nigella. Therefore,
the most susceptible isolate to essential oils was MRSA. The results also showed
significant antibiofilm activity of melissa and oregano against MDR bacteria. In
conclusion, the current study declares essential oils from medicinal plants are
effective natural products for resistant pathogen bacteria.
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INTRODUCTION spectrum beta-lactamases (ESBL) is a growing problem.
Also  methicillin-resistant  Staphylococcus  aureus
In animals (especially domestic animals), the (MRSA), which is the leading cause of nosocomial

zoonotic nature of most infections also poses a risk to
human health. It was reported in previous studies that
61% of 1415 pathogens that were found to cause disease
in humans are of animal origin (Cunningham, 2005). One
of the most important factors that affect animal health is
bacterial infections. However, antibiotics used in
treatment can also bring some side effects that affect
health negatively. On the other hand, difficulties such as
antibiotic resistance and resistant biofilm formation in the
treatment of bacterial infections raise concerns for public
health. It is already known that the rate of multi-resistance
(MDR) of pathogenic bacteria to existing antimicrobials
increased considerably in the last decade (Caveney et al.,
2019; Wu et al., 2020). This increase is described as a
global and very important healthcare issue by the United
States Center for Disease Control and Prevention (CDC),
the European Center for Disease Control and Prevention
(ECDC), and the World Health Organization (WHO)
(Anonymous, 2019). Especially beta-lactam resistant
gram-negative like Escherichia coli contained extended-

561

infections, threaten health to a great extent. Because
pathogens such as S. aureus, Candida albicans, E. coli are
important microbial agents colonizing in various parts of
the body in animals and humans, multi-drug resistance is
an extremely dangerous condition (Ababneh et al., 2022).
One of the difficulties that provide resistance in important
pathogenic agents is biofilm formation (Craft et al., 2019).
Biofilms are important barriers limiting drug penetration
into the target. For this reason, it is necessary to develop
new strategies for biofilm eradication in resistant strains
(Jafri et al., 2014). Furthermore, infectious diseases
caused by bacteria showing MDR cause scientists to seek
alternative treatments and therapeutic agents. For this
reason, the need for natural products easy to access with
no side effects for protection or treatment against such
diseases increased considerably on a global scale (Sipahi,
2021). In this regard, the potential of natural products to
be effective in the treatment and prophylactic solutions of
medicinal plants are the subject matters of recent studies
(Sakkas et al., 2016; Giiceyil et al., 2019). In this sense, a



method that involves the use of various medicinal plant
extracts and essential oils is used in the prevention and
treatment of diseases as well as increasing the efficiency
and welfare of animals and is known as “Veterinary
Phytotherapy”. Although the use of phytopharmaceuticals
for therapeutic purposes is more prominent in human
health, it is limited for animal health. Natural products
could be obtained from medicinal plants can also be
effective in infections of animal origin. Studies conducted
so far argue that medicinal plants can be used as
antitumor, antiparasitic, anti-inflammatory, and
antimicrobial agents (Sayyar et al., 2021; Ding et al.,
2022). In the present study, the inhibitory and antibiofilm
effects of essential oils extracted from melissa, laurel,
oregano, and nigella were investigated against some
bacteria with multiple antibiotic resistance that was
isolated from cats and dogs.

MATERIALS AND METHODS

Essential oils: Melissa, nigella, laurel and oregano were
collected from Traditional and Complementary Medicine
Applied and Research Center in Duzce University. Plant
materials were identified by M Fatih Cakir. The essential
oils obtained by steam distillation method (by working
125°C steam temperature and 1.5 bar operating pressure),
and dilutions of essential oils were prepared with Tween
80 (Merck).

Test agents and culture: MRSA, MDR S. aureus 1 & 2,
and ESBL E. coli strains were used in the study. The
strains were obtained from the culture collection of
Istanbul ~ University-Cerrahpasa  Veterinary  Faculty
Microbiology Department Clinic from the animals who
applied to treatment. The strains are given in Table 1.
Mueller Hinton Agar (MHA), Tryptic Soy Agar (TSA),
Tryptic Soy Broth (TSB) and Mueller Hinton Broth
(MHB) were used for antimicrobial testing and bacterial
proliferation (collected from Merck).

Disk diffusion: It was used to compare all four essential
oils (CLSI, 2018a). Bacteria in TSA medium were
prepared the day before and then adjusted to a turbidity of
0.5 on the McFarland scale in saline. Bacterial solutions
spread on MHA. Test samples were absorbed into blank
discs (Bioanalyses, blank disc, 6mm) and placed on MHA
plaque. Meropenem (Bioanalyses, MEM10, 10ug) was
used as a positive control. Test plates were incubated at
37° C for 24 hours. Inhibition zone diameters were
calculated. Each formulation was tested 3 times.

Detection of MIC and MBC concentrations: MIC and
MBC of the essential oils were determined by the
microdilution method. Serial dilutions of essential oils
with MHB (from 100 to 0.022 pL/mL and total of 120uL
per well) and 5 x 10° cfu/mL bacteria were added to each
well and incubated at 37°C. The dilution without growth
was determined as MIC. To determine the MBC of
essential oils 50puL of each dilution (no growth) was
spread on MHA plates. MBC was accepted as the lowest
concentration that killed more than 99.9% of bacteria.
Experiments were performed in triplicate for each strain
on three different days (Elshikh et al., 2016; CLSI, 2018b).
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Congo red assay: All isolates were inoculated on Congo
Red Agar (CRA). The agar plates were incubated at 37°C
for 24 hours and then overnight at room temperature. Black
colony were defined as strong biofilm-forming, dark-
colored colonies as weak biofilm. Red colonies were
defined as non-biofilm (Mariana et al., 2009; Kord et al.,
2018).

Antibiofilm assay: Inhibition of biofilm formation were
determined with the microplate assay. A hundred pL
bacterial culture in TSB (10° cfu/mL) supplemented with
1% sucrose was added into each well of 96-well bottom
and was incubated at 37°C for 24 h. After that, 100uL of
essential oils (at MIC value) added into each well and
incubated at 37°C for 24 h. Then the well content was
removed and each well washed three times with PBS
(phosphate-buffered  saline)  (Sigma-Aldrich). The
adherent bacteria were fixed at 60°C for 45 min. Bacteria
were stained with 100uL of 0.1% crystal violet (Himedia)
for 15 min at room temperature (RT). Then each well
were washed 3 times with PBS again. It was left to dry at
RT for 15 min, 100uL of 95% ethanol was added into
each well to dissolve bacteria on the bottom. Before the
absorbance was measured at OD4gp nm using a microplate
reader (Biotek BT 800, USA), the well plate was left at
RT for 10 min and transferred to a clean well. The assay
was performed in triplicate (Bazargani and Rohloff, 2016;
Chen et al., 2020). The inhibition percentage of biofilm
formation was calculated using the following formula:

OD in Control - OD in Treated

Inhibition % *100

OD in Control

Statistical analysis: The data are given as mean (+ SD).
The difference between the MIC of each essential oil in
different bacteria and the MIC of different essential oils in
a bacterium was evaluated with the Fisher’s Exact Test
the SPSS 15.0 software was used for the analyses. The
statistically significant differences of the reduction of
biofilm mass and inhibition zone diameters in groups
were determined with Kruskal Wallis and Mann Whitney
U by using SPSS 15.0.

RESULTS

Disk diffusion test: In this study, some antimicrobial
properties of essential oils were investigated against
clinical isolates that are multidrug resistant bacteria.
These clinical isolates had been collected from previous
studies. Four different resistant isolates were used. The
antimicrobial agent potentials of essential oils were first
investigated by disk diffusion test. The inhibition zones
that were formed by the essential oils on the agar plate
were compared. In this respect, it was found that the
essential oil that formed the most inhibition zone in the
strains was oregano essential oil. For each bacterium,
melissa essential oil was found to be more effective after
oregano essential oil. Oregano oil continued its effect
even with 50% and 30% dilutions. It had quite large
inhibition zones, especially against MRSA. However, the
difference between effectiveness of oregano and melissa
was not significant (P>0.05). Nevertheless, each of
oregano and melissa were significantly more effective



Table I: Resistant strains tested in the study
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Bacteria Isolation site Origin Antibiotics Resistant to

MRSA Nasal Swab Dog

Ampicillin/Sulbactam, Amoxicillin/Clavulanic acid, Ceftiour, Ceftriaxone, Cefepime Ciprofloxacin, Enrofoxacin,

Erythromycin, Gentamicin, Marbofloxacin, Oxytetracycline, Trimethoprim/Sulfamethoxazole

ESBL EC (E. Ear Swab Dog

Ampicillin/Sulbactam, Amoxicillin/Clavulanic acid, Ceftiour, Ceftriaxone, Cefepime Ciprofloxacin, Enrofoxacin,

coli) Erythromycin, Gentamicin, Marbofloxacin, Rifampin, Trimethoprim/Sulfamethoxazole

MDR SAI Joint Cat Ampicillin/Sulbactam, Amoxicillin/Clavulanic acid, Ceftiour, Ceftriaxone, Ciprofloxacin, Enrofoxacin,

(S. aureus 1) Erythromycin, Gentamicin, Marbofloxacin, Penicillin G, Rifampin, Tetracycline, Trimethoprim/Sulfamethoxazole
MDR SA2 Ear Swab Cat Amikacin, Ampicillin/Sulbactam, Amoxicillin/Clavulanic acid, Ceftiour, Cefixime, Ceftriaxone, Ciprofloxacin,

(S. aureus 2)

Enrofoxacin, Erythromycin, Gentamicin, Spiramycin Imipenem, Kanamycin, Lincomycin/Spectinomycin,

Marbofloxacin, Moropenem, Spiramycin, Tetracycline, Trimethoprim/Sulfamethoxazole, Tobramycin,

Levofloxacin, Ofloxacin

Fig. 1: Biofilm results in CRA.

Table 2: Zone diameters of Essential Oils on Agar Plate

Essential Oil Zone Diameter (+SD)

ESBL EC MRSA MDRSA | MDRSA2
Melissa 20(x1) 25(x1) 25(%2.51) 25(20.57)
Melissa50% 16(x0.57)  20(x1) 20(%2.51) 21(xl)
Melissa30% 13(x0.57)  14(x0.57) 14(%2) 15(x2.51)
Laurel 13(¥0.57)  16(x0.57)  14(x2.51) 13(x2.51)
Laurel 50% R 12(x0.57)  12(xl) 10(x0.57)
Laurel 30% R 10(x0.57) R R
Oregano 25(x0.57) 40(£0.57) 26(2) 25(x0.57)
Oregano 50% 15(x0.57)  30(x1.52) 17(xl) 17
Oregano 30% 10(x0.57)  19(x0.57)  12(x0.57) 10(x2)
Nigella 12(x0.57)  15(x1.52) I3 10(x1)
Nigella50 % R 13(x0.57) R R
Nigella 30% R 10 R R
Positive Control 40 45 35 35

R: Resistant, + SD: Standard Deviation, Positive Control: Meropenem
(10pg)

Table 3: MIC and MBC Values of Essential Oils

Oregano Melissa Laurel Nigella MEMI0
ul/mL uL/mL ul/mL ul/mL ug/mL

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
ESBLEC 3.12 625 625 125 25 50 25 50 05 |
MRSA 156 625 625 25 125 50 125 50 025 05
MDRSAI 3.12 625 625 125 25 50 25 50 05 |
MDRSA2 3.12 625 125 25 25 50 25 50 05 |

than the other two essential oils (p<0.05). Zone diameters
formed on resistant isolates did not differ at significant
levels between laurel and nigella essential oil (P>0.05).

MIC and MBC assays: After determining the zone
diameters formed by essential oils, the minimal effective
doses were investigated for each essential oil. On each
resistant isolate, the effective doses of essential oils were
determined with the microdilution method and are shown
in Table 3. According to that MIC and MBC values for
ESBL EC are 3.12 pL/mL- 6.25 pL/mL oregano, 6.25

pL/mL-12.5 pL/mL melissa, 25 pL/mL-50 pL/mL laurel
and 25 pL/mL - 50uL/mL nigella respectively. It for
MRSA are 1.56 pL/mL - 6.25 pL/mL oregano, 6.25
pL/mL - 25 pL/mL melissa, 12.5 pL/mL - 50 pL/mL
laurel, 12.5 pL/mL - 50pL/mL nigella and for MDR SA1
are 3.12 pL/mL - 6.25 pL/mL oregano, 6.25 uL/mL-12.5
pL/mL melissa, 25 pL/mL-50 pL/mL laurel, 25 pL/mL -
50uL/mL nigella respectively. MIC and MBC values for
MDR SA 2 are the same with MDR SA 1 for each
essential oil except melissa oils. MIC and MBC of melissa
oil for MDR SA 2 were 12.5 pL/mL and 25 pL/mL. In
this regard, the effectiveness of essential oils for all
isolates was determined as oregano>melissa>laurel=
nigella. The most susceptible isolate to essential oils was
MRSA.

Antibiofilm assay: Since the isolates were clinical
isolates, the biofilm properties were unknown. First,
biofilm capabilities were investigated by culture method.
The biofilm characteristics of the isolates were evaluated
as ESBL EC biofilm negative, MDR SA1 weak, MDR
SA2, and MRSA strong biofilm-producing strain in terms
of growth patterns in CRA (Fig. 1). Then, biofilm assay
were performed with the positive strains to the results of
the congo red agar method were confirmed. At the same
time, it was also investigated whether essential oils
have an antibiofilm effect. The biofilm inhibition rates of
essential oils are given in Fig. 2-4. When compared the
inhibition rates of nigella and laurel were not significant
for all isolates (P>0.05), On the other hand, inhibition
rates of all other essential oils were significantly different
when compared in pairs for each bacterium with Mann
Whitney U (P<0.05). In terms of statistical significance,
antibiofilm activities for MDR SA1 and SA2 were found
as oregano>melissa>laurel=nigella and for MRSA,
oregano>melissa>laurel>nigella. When all inhibition rates
were evaluated collectively with Kruskal Wallis, they
were all different and p values were given on the graphs.

DISCUSSION

Antibiotic resistance is one of the global problems of
today. The increased prevalence of multidrug resistance
entails certain problems. Studies show that bacteria are
always looking for a way to survive. For this reason, the
biofilm structures formed by bacteria to survive cause
some antimicrobial agents to be completely ineffective
(Abebe, 2020).

Microbial resistance causes prolongation of the
treatment period. Moreover, it causes increased treatment
costs and drug side effects. Therefore, it is necessary to
develop new therapeutic agents. In this respect, easily



MDR S. aureus 1

Oregano

Inhibition of Biofilm

Melissa Laurel Nigella

Essential oils at MIC value

Fig. 2: Inhibitory effect of essential oils on MDR S. aureus | biofilms:
The antibiofilm effect was determined by accepting the control group as
100%. Significant differences were found when all essential oils are
compared together with Kruskal Wallis (p=0.019).

MRSA

Oregano

Inhibition of Biofilm

Melissa Laurel Nigella

Essential oils at MIC value
Fig. 3: Inhibitor effect of the essential oils on MRSA biofilms: The
antibiofilm effect was determined by accepting the control group as
100%. Significant differences were found when all essential oils are

compared together with Kruskal Wallis (p=0.016).

MDRS. aureus 2

Oregano

Inhibition of Biofilm

Melissa Laurel Nigella

Essential oils at MIC value

Fig. 4: Inhibitor effect of essential oils on MDR S. aureus 2 biofilms: The
antibiofilm effect was determined by accepting the control group as
100%. Significant differences were found when all essential oils are
compared together with Kruskal Wallis (p=0.024).

accessible phytopharmaceuticals that have low toxic
effects are gaining more and more importance. The
essential oils tested in the present study showed an effect
in the form of oregano > melissa > laurel = nigella
against multidrug-resistant microorganisms. It was found
that depending on the concentration, it could play
important roles in the elimination of biofilms.

The essential oils tested in the study have been used
in bacterial infections for hundreds of years with their
potential to be effective against multidrug-resistant strains
(Tomar et al., 2020). Laurus nobilis essential oil is used
frequently in folk medicine for the treatment of diseases
such as dermatitis and rheumatism. It is already known to
have antioxidant, antimicrobial, and some
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pharmacological characteristics (Caputo et al., 2017).
Melissa officinalis is a perennial herb frequently used as
an essential oil with its various pharmacological effects. It
was reported to have antimicrobial, antifungal, and
anticarcinogenic effects in some studies (Korcan et al.,
2018). Origanum sp. is a genus of the Lamiaceae family
and it is known as an important aromatic and medicinal
plant. On the other hand Nigella sativa is often
investigated for its use as an antimicrobial drug or food
additive with its various pharmacological effects
(Georgescu et al., 2018). Therefore, this study was
conducted in order to determine the potential of solving
the problem of drug resistance to conventional
antimicrobials in animals with essential oils or their active
components. In this study, essential oils were found to
have broad-spectrum effects. Also, when the bactericidal
and bacteriostatic concentrations of the essential oils were
compared with the other studies, similar findings were
found. In this study, the lowest MIC values were found as
1.56 and 3.12 pL/mL for oregano. Sakkas et al. (2018)
found MIC of oregano between 0.6 and 5 puL/mL for
MRSA strains and found between 2.5 and 10 pL/mL for
vancomycin-resistant Enterococcus spp. It was reported in
another study that Thymus vulgaris and Origanum vulgare
essential oils showed more effects against all resistant
pathogens which are multidrug resistance E. coli,
Enterococcus spp., Candida spp. strains isolated from cat
and dog urinary system infection than other essential oils
(Ebani et al., 2018).

Oregano and melissa essential oils were the most
effective in the study. This may be due to the fact that
they contain more active ingredients than other essential
oils. Because essential oils are very rich in phenol
components which have been reported as antimicrobial.
Especially melissa and oregano have high levels of some
compounds (linalool, citronellol, carvone, thymol,
carvacrole etc.) and these compounds are quite effective
against bacteria. Other previous studies reveal the
component of essential oils (Nieto, 2017). Similarly,
laurel and nigella also have important components. But
maybe there are fewer components of both essential oils
cause that they remain less effective in this study. Because
the amount of essential oil components can change
seasonally and geographically (Camele et al., 2019). Also
the mechanism of essential oils on bacteria is not
completely known. But in general, it is known that the
components of essential oils deform lipids in the bacterial
cell membrane. Thus, they disrupt the hydrophobic
structure and they make it more permeable. Eventually,
the bacterial cell structure and cell content deteriorate
(Chouhan et al., 2017). Such an effect also occurs against
the biofilm structure. The essential oil of Murraya
koenigii from medicinal plants was found to be highly
influential in preventing the formation of biofilms in
Pseudomonas spp. (Bai and Vittal, 2014). In another
study, it was reported that some essential oils have a
strong antibacterial effect against gram-positive and
negative bacteria (El-Tarabily et al., 2021). In this study,
the MIC of each essential oil was preferred to investigate
biofilm inhibition and it was found that oregano and
melissa essential oils eliminated biofilms over 75 and
68%, respectively. It seems quite high inhibition of
biofilms occurs because of increased concentration. It was



seen that each essential oil has a different potential
according to statistical comparison. Especially oregano
and melissa are quite different from the other two
essential oils. Similarly, Jafri et al. (2014) reported that
MIC of some essential oils tested in their study destroyed
S. aureus biofilms effectively. In another study, the effects
of 11 different essential oils were investigated against
methicillin-resistant and susceptible Staphylococcus
pseudintermedius-associated pyoderma from dog isolates.
It was found essential oils could be important
antimicrobials in the treatment of pyoderma in that study
(Nocera et al., 2020). Especially when the zoonotic
potential of resistant strains is considered, alternative
therapeutic approaches are needed to prevent the spread of
multidrug-resistant strains. Essential oils and medicinal
plants can be a very important option in this respect
(Nazir et al., 2021). The antimicrobial effects of essential
oils suggest that they can be employed not only in the
therapeutic approach but also as protective additives.
Omonijo et al. (2018) reported that essential oils can be
used instead of antibiotics in feed. For this reason, it can
be argued that essential oils which have antimicrobial
characteristics are an important product for new
antimicrobial strategies in various fields.

Conclusions: the study showed essential oils have
inhibitory and antibiofilm effects against resistant isolates.
Especially the combined use of oregano and melissa
essential oils could be a highly effective agent on
pathogen-resistant bacteria. It is possible to obtain
effective products for animal health from them. The
potentials of essential oils should be further investigated.
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