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Antimicrobial activity of oregan and clove essential oils
against some foodborne pathogens

Atividade antimicrobiona dos dleos essenciais de orégano e cravo
frente a patogenos alimentares

Flavia Debiagi', Renata K. T. Kobayashi?, Gerson Nakazato®,
Luciano A. Panagio*, Suzana Mali®

Abstract

The tendency to replace synthetic antimicrobials for natural ones in food industry and an increase in
bacterial resistance to antibiotics resulted in a necessity to find new alternatives, and essential oils
are emerging as promising substitutes for synthetic chemicals in food preservation. The objective
of this work was to test the antimicrobial activity of oregano (OEO) and clove (CEO) essential
oils over a range of bacteria, molds and yeast of importance as pathogens or food spoilage. The
antimicrobial activity of oregano and clove essential oils were analyzed by disk diffusion method and
broth microdilution test (MIC) of OEO and CEO were determined for each tested microorganism.
OEO and CEO were evaluated in natura (IN) and after thermal processing (TP) at 120 °C for 5
min. Both OEO and CEO presented the same inhibition zones for IN and TP samples, for all tested
microorganisms, indicating that these oils can be thermally processed maintaining their antimicrobial
activity. For OEO and CEO, the more sensitive microorganisms were the fungi (Aspergillus niger,
Penicillium citrinum and Candida albicans), followed by Staphylococcus aureus, Bacillus cereus
and Methicillin - resistant Staphylococcus aureus (MRSA); the lowest antimicrobial activities were
observed against Streptococcus mutans and Enterococcus faecalis. In general, OEO resulted in
higher inhibition zones and lower MIC values for all tested microorganisms, suggesting that it was
more effective as an antimicrobial agent than CEO.
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Resumo

Apreferénciamundial para alimentos mais saudaveis e livres de aditivos quimicos pelos consumidores,
associada ao aumento da resisténcia bacteriana, resultaram na necessidade de medidas alternativas
no setor de alimentos. Os dleos correspondem a antimicrobianos naturais e constituem uma classe
emergente como substitutos dos produtos quimicos sintéticos na conservagdo de alimentos. O
objetivo deste trabalho foi avaliar a atividade antimicrobiana de dleos essenciais de orégano (OEO)
e cravo (CEO ) frente a bactérias, fungos e leveduras de importancia no setor de alimentos. OEO
e CEO foram avaliados in natura (IN) e apos processamento térmico (TP) a 120 °C por 5 minutos.
Para avaliar a atividade antimicrobiana frente a cada microrganismo empregou-se o método de disco-
difusdo e o teste de microdiluigdo em caldo (MIC). Tanto o OEO quanto o CEO apresentaram zonas
de inibi¢do semelhantes para amostras IN ¢ TP, indicando que a atividade antimicrobiana desses
oleos sdo resistentes a altas temperaturas. Os microrganismos mais sensiveis para ambos os 6leos
essenciais foram os fungos (Aspergillus niger, Penicillium citrinum ¢ Candida albicans), seguidos
por Staphylococcus aureus, Bacillus cereus ¢ Staphylococcus aureus resistente a meticilina (MRSA).
Ja as cepas Streptococcus mutans e Enterococcus faecalis apresentaram uma maior resisténcia frente
a atividade antimicrobiana dos dleos essenciais. Em geral, os maiores halos de inibicdo ¢ menores
valores de MIC foram obtidos quando empregado o OEQO, sugerindo uma maior atividade microbiana
do mesmo quando comparado ao CEO.

Palavras-chave: Método de disco-difus@o. Concentragao inibitoria minima. Antimicrobianos naturais.

Introduction

Foodborne illness (FDB) are diseases caused
by eating contaminated food for pathogenic
microorganisms, such as bacteria, fungi, viruses,
parasites or with poisonous chemicals or bio-
toxins. The occurrence of FBD can be associated
with manipulation, inadequate preservation
which

are the main way of transmission of pathogenic

and or environmental contamination,

microorganisms to foods."

FDB have mild and self-limiting symptoms,
but there is high risk group, which is constituted
by infants, young children, the elderly and the
immunocompromised persons. In this group, FDB
is an important cause of morbidity and mortality,
mainly in the developing countries, for example,
in Brazil, between 2000 and 2017 there were
reported 12.660 outbreaks and 186 deaths.®

Routinely, the chemical sanitizers, such as
chlorine compounds, peroxide and peroxyacid
mixtures, carboxylic acids, quaternary ammonium
compounds, acid anionic, and iodine compounds
are employed to disinfect food contact surfaces in
food industry. As a consequence, the use of chemical

disinfectants must to produce unhealthy by-products
or antimicrobial resistance in bacteria.” On the
other hand, antimicrobials derived from plants
extracts are emerging as promising substitutes
for conventional antimicrobials employed in food
industry as an eco-friendly alternative.

Essential oils (EOs) are natural volatile
liquids compounds that can be also called volatile or
ethereal oils, which can be synthesized by all plant
organs during the secondary metabolism.”> Many
essential oils are found on the U.S. Food and Drug
Administration’s (FDA) Generally Recognized as
Safe (GRAS) list, so they are extensively used as
flavoring agents in baked goods, sweets, ice cream,
beverages and chewing gum. Approximately,
3000 EOs are known and about 300 types are
commercially available, including oregano (OEO)
and clove essential (CEO) oils, which are described
as most effective ones.“> The major components
of EOs are terpenoid and phenolic compounds,
such as carvacrol, eugenol and thymol, which
are responsible for their antimicrobial activity.
The antimicrobial mechanism of action can be
associated with degradation of the cell wall,
disturbance of the cytoplasmic membrane, leakage
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of cell contents, coagulation of cytoplasm and
disrupting the proton motive force.*¢7

The objective of this work was to determine
the antimicrobial activity of oregano and clove
essential oils over a range of bacteria, molds and
yeast of importance as pathogens or food spoilage.

Material and Methods
Material

Oregano (Origanum vulgare) and clove
(Eugenia caryophyllata) essential oils were
purchased from Ferquima (Ferquima Industria
e Comércio Ltda, Vargem Grande Paulista, Sdo
Paulo). The following food-borne microbial strains
were selected for use in the assays because of their
relevance in the food industry: the Gram-positive
bacteria Staphylococcus aureus (ATCC 6538),
Methicillin - resistant Staphylococcus aureus
(MRSA) N315, Bacillus cereus, Streptococcus
mutans (ATCC 25175) and Enterococcus faecalis
(ATCC 6569); the Gram-negative bacteria
Escherichia coli (ATCC 8739) and Salmonella
enterica subsp. enterica serovar Typhimurium (S.
Typhimurium) (ATCC 14028); the yeast Candida
albicans (ATCC 90028); and the molds Aspergillus
niger and Penicillium citrinum were obtained from
the culture collection of the Laboratory of Basic
and Applied Bacteriology and Laboratory of
Medical Mycology, Department of Microbiology

of the State University of Londrina.
Antimicrobial activity of the essential oils

Disk diffusion method

The disc inhibition zone method was
employed to determine qualitatively the
antimicrobial activity of the OEO and CEO
according to al.®  with
modifications. Due to the presence of volatile
compounds among the active components of EOs,
they were evaluated in natura (IN) and after thermal

Gomez-Estaca et

processing (TP) at 120 °C for 5 min. Different
EOs volumes (1, 2, 5 and 10 puL) were added onto
aseptic discs. Then, the discs were placed on plates
containing Mueller-Hinton (MHA) agar (Himedia,
India), which were previously spread with 0.1
mL of inoculums containing 10% CFU/mL of
bacterial cultures, previously standardized using
the McFarland scale. The plates were incubated
at 37 = 0.5 °C for 18 - 24 h. Sabouraud Agar
(Neogen, USA) was employed to investigate the
antimicrobial activity against C. albicans culture,
and the plates were incubated at 27 = 0.5 °C for 18
- 24 h. For the molds (4. niger and P. citrinum), a
spore suspension stock of each one was diluted in
sterile to obtain 10° spores ml™'. The spores were
enumerated by direct counting using a Neubauer
chamber and placed on plates with Sabouraud
Agar (Neogen, USA) that were incubated at 27 +
0.5 °C for 5 days.

After incubation, microbial growth was
observed on the plates, and the inhibition zone
diameters (colony-free perimeter) were measured
with a caliper. Data were expressed as inhibition
zones (mm). Each experiment was performed in
triplicate.

Minimal inhibitory concentrations (MICs)

The minimal concentrations
(MICs)were employed to quantitatively determined
the antimicrobial activity of IN and TP EOs. The
MIC of CEO was determined by microdilution
assays in 96-well plates®. Bacterial (1.5 x 10®
CFU/mL) suspensions were diluted in Mueller-
Hinton broth (Difco, USA), and molds (10° spores/
mL) and yeast (1.5 x 108 CFU/mL) suspensions
in RPMI medium (Sigma, USA). Then, they were
plated in 96-well plates at a density of 5.0 x 10°
CFU/mL. Finally, different volumes of OEO were
added to each well to determine the MIC values.
The plates were incubated at 36.5 + 0.5 °C for 18
- 24h (bacteria and yeast), and at 27 &+ 0.5 °C for 5
days (molds). After incubation, MIC was defined

as the lowest concentration of antimicrobial agent

inhibitory

5
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that inhibited visible growth.

The MIC IN and TP OEO was evaluated by
microdilution assay!'” in microtubes. Bacterial (1.5
x 108 CFU/ml) suspensions were diluted in Mueller-
Hinton broth (Difco, USA), and molds (10° spores/
mL) and yeast (1.5 x 103 CFU/mL) suspensions in
RPMI medium (Sigma, USA). Finally, different
volumes of OEO were added to each microtube to
determine the MIC values. The microtubes were
incubated at 36.5 = 0.5 °C for 18 - 24h (bacteria
and yeast), and at 27 + 0.5 °C for 5 days (molds).

Results and Discussion

The antimicrobial activities of OEO and
CEO were evaluated using the disk diffusion
method, and the results were presented in Tables
1 and Figure 1 for OEO, and Table 2 and Figure
2 for CEO. Both OEO (Table 1) and CEO (Table
2) presented the same inhibition zones for IN and
TP oils, for all tested microorganisms, indicating
that these oils can be thermally processed (120°C/5
min) maintaining their antimicrobial activity.

Table 1 - Mean inhibition zone diameters (mm) for the different volumes (1, 2, 5 and 10 pL)
of oregano essential oil in natura (IN) and thermally processed (TP) against the

tested microorganisms.

IN TP
Volume (pL)
Microorganisms
1 2 5 10 1 2 5 10
Inhibition zone (mm)
S. aureus 20 30 50 60 20 30 50 60
MRSA 30 32 34 35 30 32 34 35
B. cereus 35 38 39 39 35 38 39 39
S. mutans 10 18 25 27 10 18 25 27
E. faecalis 8 10 12 13 8 10 12 13
E. coli 10 19 23 30 10 19 23 30
S. Typhimurium 17 20 22 30 17 20 22 30
C. albicans 47 65 TI TI 47 65 TI TI
A. niger 45 70 TI TI 45 70 TI TI
P, citrinum TI TI TI TI TI TI TI TI

Font: Authors
TI = total inhibition.
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For OEO (Table 1, Figure 1), the more
sensitive microorganisms were the fungi (4.
niger, P. citrinum and C. albicans), followed
by S. aureus, B. cereus and MRSA. The lowest
antimicrobial activity was observed against E.
faecalis and S. mutans. For CEO (Table 2, Figure
2), the more sensitive microorganisms were also

the fungi as observed for OEO, followed by S.
aureus and MRSA. The lowest antimicrobial
activity was also observed against E. faecalis
and S. mutans. According to Yoshida and
Kuramitsu'", these bacteria are able to form a
biofilm that can reduce the antimicrobial effect
of the EOs.

Figure 1 - Disk diffusion images using 5 pL of in natura - OEO (1) and thermal processed -
OEO (2): (A) S. aureus; (B) B. cereus; (C) S. mutans; (D) E. faecalis; (E) E. coli;

(F) S. Typhimurium; (G) C. albicans; (H) A. niger; (1) P. citrinum; (J) MRSA.

Font: Authors

For both EOs, it also noted that increasing oil
concentrations resulted in higher inhibition zones
(Tables 1 and 2). EOs antimicrobial activities
are related to the composition of essential oil,
the presence of phenols as major components,
such as carvacrol and thymol that are the major
components of OEO®!1213 or eugenol that is the
major component of CEO®!%13 results in higher
antimicrobial activities. Aktar et al.) reported
that clove and oregano essential oils have
strong inhibitory effect against several bacterial

qa

pathogens and
activity against the wide range of fungal
pathogens. They also reported that EOs affect the
cell membrane of the pathogenic microorganism
by causing an increase in permeability and leakage
of vital intracellular constituents, resulting in
the disruption of the cell respiration system and
microbial enzyme system. Therefore, they have
cytotoxic effects on living cells and these effects

depend on to their type and concentration.

also considerable antifungal
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Table 2 - Mean inhibition zone diameters (mm) for the different volumes (1, 2, 5 and 10 pL)
of clove essential oil in natura (IN) and thermally processed (TP) against the tested

microorganisms.
IN TP
Volume (pL)

Microorganisms

1 2 5 10 1 2 5 10
Inhibition zone (mm)

S. aureus 20 25 28 30 20 25 28 30
MRSA 15 16 16 19 15 16 16 19
B. cereus 10 12 17 17 10 12 17 17
S. mutans 8 10 12 13 8 10 12 13
E. faecalis 9 10 12 13 9 10 12 13
E. coli 10 12 14 15 10 12 14 15
S. Typhimurium 10 12 13 13 10 12 13 13
C. albicans 30 35 TI TI 30 35 TI TI
A. niger 30 40 41 50 30 40 41 50
P, citrinum 30 42 50 55 30 42 50 55

Font: Authors
TI = total inhibition.

In general, OEO resulted in higher inhibition
zones for all tested microorganisms (Tables 1 and 2).
Ribeiro-Santos et al.'® compared the antimicrobial
activity of oregano, cinnamon and sweet fennel
essential oils, and observed that oregano essential
oil exhibited the highest antimicrobial effect.

The of
concentrations (MIC) (Table 3) presented similar
trends observed for the disk diffusion method
results, MIC results were not affected by the

results minimal  inhibitory

thermal processing of both EOs, confirming that
these oils can be thermally processed (120°C/5
min) maintaining their antimicrobial activity.

In general, MIC values observed for OEO
were lower than values observed for CEO for all
tested microorganisms, except for S. faecalis, for
which both OEO and CEO presented the same
MIC value (10 pg/mL). This confirms the higher
effectiveness of OEO as an antimicrobial agent
considering the microorganisms tested in this study:.

8
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Figure 2 - Disk diffusion images using 5 uL of in natura - CEO (1) and thermal processed -
CEO (2): (A) S. aureus; (B) B. cereus; (C) S. mutans; (D) E. faecalis; (E) E. coli,
(F) S. Typhimurium; (G) C. albicans; (H) A. niger; (1) P. citrinum; (J) MRSA.

Font: Authors

S. aureus, B. cereus, S. mutans, C. albicans,
A. niger, P. citrinum and MRSA were completely
inhibited when it was employed 0.63 pg/mL of
OEOQO, however for E. coli and S. Typhimurium it
was necessary 1.25 pg/mL (Table 3). The highest
MIC value observed for OEO was 10.00 pg/
mL for E. faecalis. CEO presented MIC values
ranging from 1.25 pg/mL to 10 pg/mL. Burt®
reported MIC values between 0.5 to 1.2 pg/mL
for S. aureus, E.coli and S. Typhimurium for
OEO, these values were very close to the values
obtained in this study. For CEO, these authors
reported MIC values ranging for 0.4 to 2.5 ug/
mL for the same microorganisms, however the
values obtained in this study were higher, these
variations can be attributed to the characteristics
of the tested oil.

In general, for both OEO and CEO, MIC
values were lower for Gram-positive bacteria and
fungi than for Gram-negative bacteria (Table 3).
Many essential oils have been reported as active
against pathogenic fungi. Omidbeygi et al.!¥
reported antifungal activity of essential oils of
thyme, summer savory and clove on tomato paste
against Aspergillus flavus. Kocic-Tanackov et al.!>
showed that the increased of OEO concentration
leads reduction in spore germination of Aspergillus
spp. Serraetal.!® observed that several commercial
essential oils presented antifungal activity against
C. albicans and they related the mechanism of
antifungal activity to the changing of cell wall
morphology and permeability, denaturation of
enzymes involved in cell wall synthesis and
oxygen reactive species generation.
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Table 3 - Minimal inhibitory concentrations (MIC) of OEO and
CEO in natura (IN) and thermally processed (TP).

MIC (pg/mL)

Microorganisms OEO CEO
IN TP IN TP
S. aureus 0.63 0.63 5.00 5.00
MRSA 0.63 0.63 10.00 10.00
B. cereus 0.63 0.63 5.00 5.00
S. mutans 0.63 0.63 5.00 5.00
E. faecalis 10.00 10.00 10.00 10.00
E. coli 1.25 1.25 10.00 10.00
S. Typhimurium 1.25 1.25 10.00 10.00
C. albicans 0.63 0.63 1.25 1.25
A. niger 0.63 0.63 1.25 1.25
P. citrinum 0.63 0.63 1.25 1.25

Font: Authors

The antimicrobial activities of the essential
oils were higher on Gram-positive bacteria
than Gram-negative bacteria and our results are
according to other authors.®!* "1 Possibly,
this could be related to the absence of an outer
membrane around the cell wall in Gram-positive
bacteria. An external membrane is only present
in Gram-negative bacteria and may restrict the
diffusion of hydrophobic compounds through the
lipopolysaccharide covering. Ribeiro-Santos et
al.!¥ stressed that the lower antimicrobial activity
against the Gram-negative strains may be due
to a higher resistance of these microorganisms
provided by the external lipopolysaccharide wall
surrounding the peptidoglycan cell wall.

Conclusion

In this work, were analyzed antimicrobial
activity of oregano and clove essential oils over a
range of bacteria, molds and yeast of importance
as pathogens or food spoilage. Both OEO and
CEO presented the same inhibition zones for in

natura and after thermal processing (120°C/5
min), for all tested microorganisms, indicating that
these oils can be thermally processed maintaining
their antimicrobial activity. For OEO and CEO,
the more sensitive microorganisms were the
fungi (Aspergillus niger, Penicillium citrinum and
Candida albicans), followed by Staphylococcus
aureus, Bacillus cereus and Methicillin - resistant
the
antimicrobial activities were observed against

Staphylococcus aureus (MRSA); lowest
Streptococcus mutans and Enterococcus faecalis.
In general, OEO resulted in higher inhibition
zones and lower MIC values for all tested
microorganisms, suggesting that it was more
effective as an antimicrobial agent than CEO.
Therefore, OEO and CEO can be used as promising
alternatives to be used as natural antimicrobial
substances in food industry.
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