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Abstract

Article Info

The research was undertaken to determine the possible synergistic interactions between
any two antibacterial agents; Mentha pulegium essential oil (MPEO), honey and
bacteriocin-like inhibitory substance (BLIS) E204 against Escherichia coli K12 and
Listeria monocytogenes CECT 4032. The antibacterial activity was evaluated using the
broth micro-dilution method, and the interaction was determined by the fractional
inhibitory concentration (FIC) indexes. The results obtained show that the BLIS E204
and MPEO possess higher antibacterial activity at low concentrations against both
strains tested with the minimum inhibitory concentration (MIC) values of 0.125μg/ml
and 0.5v/v against L. monocytogenes respectively and of 0.125mg/ml and 0.5v/v
against E. coli, respectively. However, application of the combined binary mixtures
showed a partially synergistic effect between honey and MPEO against E. coli K12 and
a highly synergistic effect against L. monocytogenes increasing the antibacterial
activity. The combination of BLIS E204 and MPEO gave no interaction (neutral),
while that between BLIS E204 and honey generated antagonism effect thereby
reducing the antibacterial activity. These results suggest that the mixture of honey with
MPEO at low concentrations could be a promising alternative to replace synthetic
antimicrobial agents and lead to further research on natural products that could
improve the antibacterial properties of honey.

Introduction
Since the discovery of antibiotics, the man knows a real
success in the fight against infectious diseases. Indeed,
antibiotics could reduce the morbidity rate of the world
population. However, the coevolution of human-microbe
interface led to the appearance and the emergence of
multi-drug resistance of some bacterial populations,

Accepted: 20 October 2016
Available Online: 06 November 2016

Keywords
Antibacterial activity
Bacteriocin-like inhibitory substance
Essential oil
Honey

causing a major problem for public health (Bandow
et al., 2003). The situation is particularly worrying in
hospitals and food due to the colonization of the surface
of the implant and prosthetic infections (Guerrero et al.,
2009). In addition, infectious diseases caused by resistant
microorganisms are associated with prolonged hospital
stays, higher costs, and increased risk of morbidity and
mortality.
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However, the resistance of many bacteria to
antimicrobial agents, detergents and disinfectants is a
major global problem in different areas, such as food
(Budka and Khan, 2010; Kumar et al., 2008), paper
industry (Bernier et al., 1986) and environment (Smith et
al., 1994). Moreover, looking for new antimicrobial
substances as alternatives to fight against the problem of
resistance to microorganisms is a line of very promoter
research.
More recently, research is increasingly oriented towards
the screening of natural products, especially plant
extracts such as essential oils to screen for substances
with antimicrobial properties. These products have been
used for many years but their use was purely empiric.
Nowadays, essential oils and some of their main
components are used in the manufacture of perfumes
and flavoring agents in foods and beverages (Jafari
et al., 2011). In recent years, essential oils have shown
powerful biological properties such as antimicrobial
activity (Kamazeri et al., 2012) and antioxidant activity
(Gardeli et al., 2008; Abed et al., 2011; Aidi Wannes
et al., 2010). However, the activity of the essential oil in
combination with other agents is poorly reported.
Mentha pulegium L. is a plant belonging to the family
of Lamiaceae and is heavily used in Moroccan
traditional medicine. The essential oils from this plant
have been shown effective for their antibacterial
activity (Mahboubi and Haghi, 2008; Derwich et al.,
2010; Ait-Ouazzou et al., 2012) and antioxidant activity
(Sitzmann et al., 2014; Ouakouak et al., 2015; Brahmi
et al., 2016).
Over thousands of years, honey has been used for
medicinal applications. The beneficial effects of honey,
especially its antimicrobial activity makes it a useful
option to defend the different pathologies. Honey
contains large amounts of carbohydrates, lipids, amino
acids, proteins, vitamins and minerals that have an
important role in wound healing. Because bees have
different nutritional behavior and collect nutrients from
diverse and varied plants, honey products have different
compositions. Thereby, different types of honey have
different medicinal value leading to different biological
effects. Honey and its various compounds have shown
antimicrobial effects (Oryan et al., 2007; Manyi-Loh
et al., 2011; Wasiak et al., 2013), anti-inflammatory
effect (Molan, 2002; Singh et al., 2011; Yaghoobi et al.,
2013; Majtan, 2014), antioxidant effects (Singh et al.,
2011), stimulatory effects of the immune system
(Al-Waili et al., 2011; Majtan, 2014) and stimulation of

tissue regeneration (Oryan and Zaker, 1998; Molan,
2002).
Bacteriocins are proteins or protein complexes with
bactericidal activity against species that are closely
related to the producer strain (Klaenhammer, 1988).
The bacteriocins, produced by lactic acid bacteria, are
low molecular weight antimicrobial peptides. Their
spectrum of activity is generally narrow. However,
most have activity against foodborne pathogens such as
Listeria monocytogenes. The camel milk is very rich in
lactic acid bacteria capable of producing bacteriocin.
Indeed, Enterococcus durans E204 is a strain isolated
from camel milk of Laayoune region (Morocco). This
bacterial strain produces a bacteriocin-like inhibitory
substance (BLIS) E204 that has been characterized and
shown effective in inhibiting pathogenic bacterial
strains (Khay et al., 2011). The application of BLIS
E204 for the control of the pathogenic and food
spoilage organisms has been investigated in milk and
cheese (Khay et al., 2013; Khay et al., 2014).
In this work, we proposed to study the combined effects
of binary mixtures of MPEO, honey and BLIS E204
against two bacterial strains E. coli K12 and L.
monocytogenes CECT 4032.
Materials and methods
Essential oil
Mentha pulegium was collected from Ouezzane region
(Morocco), identified by Dr. Abdessalam ENNABILI
(National Institute of Medicinal and Aromatic Plants,
Taounate, Morocco). The essential oil was extracted by
steam distillation from the flowering tops of the plant.
Honey
Honey is collected from the province of Ouezzane
(Morocco).
Bacteriocin-like inhibitory substance (BLIS) E204
BLIS E204 was produced by Enterococcus durans E204
isolated from camel milk of Morocco (Khay et al., 2011).
Briefly, cells were harvested from 1l culture in MRS
Broth by centrifugation (15 000 g, 10 min, 4oC) after 16h
of incubation at 30oC. The cell free culture supernatant,
adjusted to pH 6.5 (with 10M NaOH), was subjected for
90% ammonium sulphate precipitation overnight at 4oC.
The precipitated sample was suspended in 50mM sodium
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phosphate buffer (pH 6.5) and tested positive for the
presence of antibacterial activity. The suspended
precipitate was dialyzed against ultrapure Milli-Q water.
The obtained fraction was considered as the crude BLIS
E204 used in this study.
Bacterial strains
Listeria monocytogenes CECT 4032 obtained from the
Spanish Type Culture Collection (CECT) and
Escherichia coli K12 from the Laboratory of Food
Microbiology, UCL, Belgium (MBLA) were used as test
microorganisms. Stock cultures were kept on LuriaBertani (LB) Agar slants under refrigeration (4°C).
Inocula used in antibacterial assays were obtained from
overnight cultures grown on LB broth slants at 37°C.
Determination of minimum inhibitory concentration
The minimum inhibitory concentration (MIC) was
determined by the micro-dilution method. This technique
involves inoculating, by a standardized inoculum, a
range of decreasing concentrations of the products tested.
After incubation, the observation of the range allows
access to the MIC, which is the lowest concentration of
the tested product able to inhibit bacterial growth.
Briefly, in a micro-dilution plate containing 96 wells,
serial dilution of the essential oil, honey or BLIS E204
were prepared in DMSO. Then, each well was filled with
50µl of LB medium at 0.15% agar inoculated from a
bacterial culture in exponential growth phase in order to
obtain a final cell concentration of approximately
106cfu/ml.
The wells as a control did not contain the product tested.
The plates were then incubated at the appropriate
temperature for growth of the germ (37°C) for 18h. The
MIC corresponds to the small concentration of the
product at which no growth was detected. For the
determination of the MIC, 10μl of resazurin was added to
each well. After 2h of incubation, the MIC corresponds
to the lowest essential oil concentration that does not
produce resazurin discoloration.
Determination of fractional inhibitory concentration
The interaction effect between the essential oil and
honey, essential oil and BLIS E204, and honey and BLIS
E204 was determined by adopting the method of
Ouedrhiri et al. (2015) with minor modifications. The
concentration of the essential oil is prepared in LB
medium supplemented with 0.15% agar, while the

concentrations of honey and BLIS E204 are prepared
with DMSO to 10%.
Synergy between MPEO and honey
In a plate containing 96 wells, series of two-fold
dilutions of MPEO were prepared in the abscissa from
the first to second wells with concentrations of 16×MIC
up the MIC/128. In the axis of coordinated are added
concentrations of the honey from the first to seventh well
(4×MIC until MIC/16). The eighth well, not containing
the product corresponds to the control. After, a bacterial
inoculum (approximately 106cfu/ml) is placed in each
well. The plates are then incubated at the appropriate
temperature for growth of the germ (37°C) for 18h. The
MIC corresponds to the small concentration of the
product in combination which produces no bacterial
growth. For the determination of the MIC, 10μl of
resazurin are added to each well. After 2h of incubation,
the MIC corresponds to the lowest essential oil
concentration that does not produce resazurin
discoloration.
Synergy between MPEO and BLIS E204
In a plate containing 96 wells, series of two-fold
dilutions of MPEO have been prepared in the x-axis from
the first to eleventh wells with concentrations of 8×MIC
up to MIC/128. In the axis of coordinates, are added
concentrations of the BLIS E204 from the first to seventh
well (4×MIC until MIC/16). The second well
corresponds to the control. After, a bacterial inoculum
(approximately 106cfu/ml) is placed in each well. The
plates are then incubated at the appropriate temperature
for growth of the germ (37°C) for 18h. The MIC
corresponds to the small concentration of the product
which does not produce bacterial growth.
Synergy between honey and BLIS E204
In a plate containing 96 wells, series of two-fold
dilutions of BLIS E204 were prepared in the abscissa
from the first to eleventh wells with concentrations of
8×MIC up the MIC/128. In the axis of coordinated are
added concentrations of honey from the first to seventh
well (4×MIC until MIC/16). The second well
corresponds to the control. After, a bacterial inoculum
(approximately 106cfu/ml) is placed in each well. The
plates are then incubated at the appropriate temperature
for growth of the germ (37°C) for 18h. The MIC
corresponds to the small concentration of the product in
combination which produces no bacterial growth.
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The fractional inhibitory concentration index (FICI) is
calculated by the following formula:
∑ FICI = FIC (A) + FIC (B)

honey than E. coli (Gram -). The lowest MIC value was
recorded with the effect of BLIS E204 against
L. monocytogenes (0.0625).
Table 1. Minimum inhibitory concentration of the products
tested.
MICab
Product tested
Bacteriac
E. coli
L. monocytogenes
BLIS E204
0.125
0.0625
MPEO

The index values of the fractional inhibitory
concentrations are interpreted as following: FICI ≤0.5 =
Synergy; FICI <0.5-0.75≥ = partial Synergy; FICI ≤0.761.0> = Additive; FICI > 1-4≤ = No interaction (not
differential) and FICI > 4 = Antagonism.

0.5

0.5

Honey
5
2.5
MIC: minimum inhibitory concentration; a: v/v for the
essential oil and honey; b: mg/ml for BLIS E204; c: the final
cell density of approximately 106cfu/ml

Fractional inhibitory concentration (FIC)
Results
Minimum inhibitory concentrations (MIC)
The minimum inhibitory concentration was determined
by the microdilution in microtiter plate. The results of
the effect of MPEO, honey and BLIS E204 are shown in
Table 1. From the results, the three products showed
antibacterial activity against the two strains tested. With
the exception of the essential oil, L. monocytogenes
(Gram +) is more sensitive towards BLIS E204 and

The results of synergistic effects between MPEO and
honey, MPEO and BLIS E204, and honey and BLIS
E204 are presented in Table 2. The results reveal the
existence of different synergistic actions. MPEO and
honey produced positive interaction with a partial
synergistic against E. coli and synergy against
L. monocytogenes. The MPEO with BLIS E204 shows
no interaction. While BLIS E204 with honey generated a
negative interaction giving an antagonistic effect against
the two strains tested.

Table 2. Fractional inhibitory concentrations.

MPEO
Honey

MIC
Alone
0.5
5

In combination
0.25
2.5

MPEO
BLIS E204

0.5
0.125

Honey
BLIS E204
MPEO
Honey
MPEO
BLIS E204

Strain

Product

E. coli

L. monocytogenes

FIC

FICI

Result

0.5
0.25

0.575

Partial synergy

0.5
0.125

1
1

2

No interaction

5
0.125
0.5
2.5

2.5
0.5
0.125
0.3125

0.5
4
0.25
0.125

4.5

Antagonism

0.375

Synergy

0.5
0.0625

0.125
0.0625

0.25
1

1.25

No interaction

Honey
2.5
1.25
0.25
4.25
Antagonism
BLIS E204
0.0625
0.25
4
MIC: minimum inhibitory concentration; FIC: Fractional inhibitory concentration; MPEO: Mentha pulegium essential oil;
BLIS: bacteriocin-like inhibitory substance. FICI : Fractional inhibitory concentration index.

Discussion
Antibiotic resistance suggests different sources for other
molecules that can be alternatives to fight against
infectious diseases. The various alternative ways are

sought. In Morocco, as in other African countries, herbal
medicine either herbs or honey is most commonly used
to combat infectious diseases such as diarrhea. Essential
oils are volatile substances produced by aromatic plants.
They have proven effective in several biological
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activities including antibacterial activity. However, the
use of essential oils directly into phytotherapy is not
recommended and people often use the whole plant or a
part of the plant (drug). Moreover, honey is highly
recommended as a food in the therapeutic Moroccan
tradition.
In the present study we looked the synergistic effects
between MPEO and honey, MPEO and BLIS E204, and
honey and BLIS E204. The three products were shown
antibacterial activity against both strains tested (E. coli
and L. monocytogenes). BLIS E204 and MPEO inhibited
both bacteria tested at significantly lower minimum
inhibitory concentration than that obtained with the
honey. The difference in activity is certainly related to
the difference in chemical terms between the three
products tested. The essential oil of M. pulegium has
been proven effective against E. coli and
L. monocytogenes by several authors (Mahboubi and
Haghi, 2008; Marzouk et al., 2008). Honey was shown
activity against several bacterial strains including E. coli
and L. monocytogenes (Vorlova et al., 2005; Rodriguez
et al., 2012; Hussain et al., 2015). Bacteriocin has
already demonstrated potent antibacterial activity against
L. monocytogenes (Khay et al., 2013).

products was tested. This suggests that there are
inhibitory effects which occur between some compounds
of MPEO and BLIS E204.
Looking for synergistic effects is a pretty exciting
research axis for ethnopharmacological studies. Indeed,
the ethnopharmacological researches in Morocco and
even in other countries have shown that the preparation
methods of drugs in phytotherapy are often linked to
other product known as adjuvant such as honey and
juices. In this study, we came out that essential oil used
with honey gave additive effects in terms of efficiency.
Mixing honey with oil is, in addition to the regenerated
additive effect, a mean for administering the essential
oils in herbal medicine.
Conclusion
Research in herbal medicine against bacterial diseases is
a research area of great importance. The use of MPEO
combined with honey in herbal medicine has a
significant additive effect. However, other studies are
needed and making a series of combinations between
honey and essential oils.
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