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Background: Methicillin resistant Staphylococcus aureus present multiple problems of
nosocomial infectious diseases, in addition to the multidrug resistance. Our work aims to evaluate
the antibacterial effect of four polyphenolic extracts from honey against Methicillin resistant
Staphylococcus aureus.

Methods and findings: An extraction of polyphenol was carried out from different honey
samples collected from different sites of the Algerian territory. Then, the study of the antibacterial
effect was performed by the determination of inhibition diameter and the minimal inhibitory
concentration. The results indicated that the extracts of honey presented different total phenolic
content with high value of 76 + 1.1 mg GAE/100 g of fresh weight. It was clearly showed the
sensitivity of MRSA against polyphenolic extracts. This inhibitory effect was found for the four
samples tested with varying degrees of inhibition. The polyphenolic extract of Jijel has the highest
inhibitory effect among all extracts with the MIC of 0.095 ul/ml.

Conclusions: The study of the antibacterial effect of honey extracts allowed us to present an
alternative way against the infectious diseases.
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. Penicillin and its derivatives, including
Introduction

Staphylococcus aureus is a bacterium of
significant importance because of its ability to

cause a wide range of diseases and capacity to | own as methicillin resistant Staphylococcus
adapt to diverse environmental forms [1,2]. .. (MRSA). At a time when modern
The organism colonizes skin, skin glands  edicine is faced with various problems

methicillin have been used for the treatments
of infections caused by S. aureus [4]. However,
certain strains of S. aureus developed resistance

and mucous membrane, causing infections (antibiotic resistance, increased health care

both in human and animals such as rashes, costs ...), said natural therapeutic attracting

inflammations of bones and the meninges as
well as septicaemia [3].

renewed interest.
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The bioactive compounds in honey present a valuable
supplement for healthy population [5]. Many scientific
studies will show the many virtues of honey based on
their properties (antibacterial, antifungal and antiviral)
on nutritionally than the therapeutic level. Recent
advances in research, literature highlighted that honey
has potential biological activities with promising health
promoting properties [6].

Research indicates that honey has functional
properties in human health promotion that depend
largely on the floral source. These properties could
be associated to honey high osmolarity, antibacterial
properties [7] and antioxidant capacity [8]. Honey has
an established function as an antibacterial agent that
has a broad spectrum of activity against Gram positive
and Gram negative bacteria [9]. Large number of
honeys from different geographical locations and
different botanical origins show growth inhibitory
action. Honey, given its multiple properties, deserves
more attention from the medical profession. Its low
cost makes it an ideal therapeutic both in developing
countries where the drugs are starved than in
developed countries where health economies have
become the watchword. It is time to rediscover the
virtues of honey [10].

Viewing these therapeutic activities of honey, our
work aims to evaluate the antibacterial effect of four
polyphenolic extracts from honey against Methicillin
resistant Staphylococcus aureus.

Materials and Methods
Biological material

The sample consists of four types of honey: Tlemcen,
Oran, Jijel and Mascara. The four Algerian cities were
characterized by a Mediterranean climate but Mascara
is Mediterranean with a tendency to semi-arid. The
four harvested honeys were canned in sealed glass
bottles. For the study of the antibacterial effect, the
chosen species was Methicillin resistant Staphylococcus
aureus isolated from a patient (male, 27 years) with an
anal fistula.

Extraction of phenolic compounds from honey

A quantity of honey was mixed with hydrochloric
acid and Sodium metabisulfite. Then, the mixture was
hydrolyzed with ethanol-water. It was followed by
stirring for 5 min and filtration. Final step of rotary
evaporator was performed at 40°C to obtain the
polyphenol extract. The extract was conserved after
yield calculating [11].

Total phenolic content (TPC)
The dosage of total phenolic content was made
using the reactive Folin-Ciocalteau [12]. Briefly, 5

mL of aqueous eluate of honey (0.5 g honey/50 mL of
distilled water) was added to 0.5 mL of Folin—Ciocalteu
(FC) reagent and 1.5 mL 20% Na,CO, solution. After
agitation, the reaction mixture was left to stand for
120 min and then measured by spectrophotometer
UV-visible of double beam type SHIMADZU UV-
2401PC at k=760 nm against the blank (water). To
ensure that the results are reliable, the dosage of each
phenolic compound was carried out in three trials. The
use of a standard range was established under the same
conditions with Gallic acid (0 to 1 g/l). The TPC was
expressed in mg of gallic acid equivalents (GAE)/100 g
(Sekou et al. 2009).

Effect of polyphenolic extracts on MRSA strain

The evaluation of the antibacterial activity of honey
was on a standard, economical and rapid method. This
method was based on the migration to extract inside
a Petri dish in a solid nutrient medium. The culture
medium used was the Muller-Hinton agar (4 mm)
[13]. Seeding 1 ml of inoculum calibrated at 0.5 Mc
Farland was done by swabbing the surface after the
solidification of the medium. Disks prepared with
Whatman paper (No. 03) were soaked with a volume
of extract dilutions (60%, 70%, 80%, 90% and 100%).
The disks were then deposited on the surface of Muller-
Hinton agar by pressing lightly with a sterile forceps.
The choice of dilution has been taken into account as a
result of preliminary tests.

MIC determination by the dilution method

Into a series of tubes, 9 ml of Muller-Hinton
liquid medium was dispensed. These tubes were then
inoculated with 0.1 ml of bacterial suspension calibrated
then added increasing concentrations of polyphenolic
extract (1/2, 1/4, 1/8, 1/16). A control tube without
extract was used. After incubation at 37°C, the tubes
were carefully examined and the optical density was

denoted [14].

Results and Discussion

Yields of phenolic extracts
Each sample of honey has recovered a precise amount
of polyphenolic extract. The quantities obtained were

listed in Table 1.
The extracts of honey presented a different value of

Table 1. Coloring and aspects extracts with honey yields.

Samples Coloring Aspect Yield (%)
Jijel Brown Viscous 18.5+0.11 %
Oran Brown Viscous 20+0.22%
Tlemcen Yellow Liquid 13+0.6%
Mascara Yellow Liquid 20.2+02%
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yields. The high yield was indicated in the extract of
Mascara honey with 20.2 + 0.2 %. Honey color depends
on various factors, such as their mineral content. It has
been previously reported by (Al ez 2l 2009) and (Gomes
et al. 2010) that light-colored honeys usually have low
ash content, while dark-colored honeys generally have
higher ash content [15,16].

Total phenolic content (TPC)

After preparing the calibration range of Gallic acid
(0.25 g/, 0.5 g/l, 0.75 g/l, 1g/l), the measurement of
the optical density was performed at wave length 760
nm. The calibration curve obtained showed the linearity
of the detector response as a function of different
concentrations (Figure 1). The mean absorbance of
extracts of honey (Jijel, Mascara, Oran, and Tlemcen)
was showed in Table 2.

Table 2. Optical densities of polyphenolic extracts of honey.

The concentration of each extract was obtained by
projection of the average absorbance of the calibration
curve. The TPC of the different honeys was investigated
by the Folin-Ciocalteu assay and the mean values and
standard deviation are shown in (Figure 2). It was
observed that the TPC showed significant differences
between the different honeys samples. According to
these results, the honey of Jijel had the highest TPC
values (76 + 1.1 mg GAE/100 g of fresh weight),
while the lowest content was measured in the honey of
Mascara (32.6 + 0.9 mg GAE/100 g of fresh weight).
This large difference was probably due to the storage
conditions of the original honey and from the different
solids content of honey. The total content of phenols
in honey was highly dependent its plant source. The
literature data indicate that total phenolic content is
very diverse and ranges from 0.5 mg/100 g to 130.0
mg/100 g of honey [17].

According to Harris, these different levels of

Extract Jjel  Oran  Mascara Tlemcen| phenolic compounds between the different extracts
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Figure 2. Rate of polyphenols of different honeys
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influential factors on the honeys: light, precipitation,
the rate of Hydroxymethylfurfural (HMF) and season
[18]. In this regard, Macheix et al. reported that the
concentration of polyphenols varied from one variety
to another and declined steadily during ripening and
storage [19]. This variation was based on several factors
including temperature, pH and the quantitative and
qualitative changes in phenolic compounds contained
in the original plants [20].

Effect of polyphenolic extracts against MRSA

According to our results, it was found that the
growth of the strain studied “MRSA” was low around
the majority of impregnated disks. The absence of
growth was indicated by inhibition zones with different
diameters (Figure 3). This difference in diameter
may be due to the difference of the charge and the
concentration of each disk on polyphenolic extract.

It was noted a high resistance of MRSA against
the extract of Mascara for the concentration of 60%.
Whereas the high sensitivity was recorded for the
extract of Jijel especially for the concentration of 100%
with inhibition diameter of 40 mm. The antimicrobial
capacity of phenolic compounds is well known [21]
and, as previously described by [22], individual
phenolic compounds present in honey show important
antibacterial activity. Our results agreed with the data
observed [23]. They also observed that S. aureus was the
most sensitive bacteria to honey compounds.

In our study, the activity of the extracts was due to
the polyphenols and it could therefore be related to
the degree of oxidation of these compounds. Indeed,
polyphenols were compounds highly susceptible to
auto-oxidation in the presence of oxygen in air. This
oxidation results in polymerization of monomers
such as flavonoid monomers to give polymers of
high molecular weights. It was demonstrated that the

mechanism of toxicity against microorganisms was
done either by the deprivation of metal ions such
as iron or by non-specific interactions such as the
establishment of hydrogen bridges with the proteins of
the cell membranes (Adhesins) or enzymes [24,25].

The determination of the MIC of different extracts
enabled us to compare the efficacy of polyphenolic
extracts against MRSA. The minimum inhibitory
concentration has an inversely proportional relationship
with the antibacterial effect. Thus, more than MIC
was low, inhibitory activity was important [26]. The
polyphenolic extract of Jijel has the highest inhibitory
effect among all extracts with the MIC of 0.095 pl/ml.
It was noticed that the extract of Oran, Tlemcen and
Mascara were presented a value of MIC of 1.1, 1.2 and
1.4 pl/ml respectively.

Conclusion

In this study, we investigated the antibacterial
effect of polyphenolic extract from honey. The
polyphenolic extract honey of Jijel has the lowest
inhibitory concentration and therefore having the
highest inhibitory activity against Methicillin Resistant
Staphylococcus aureus. 'This effect was related to the
composition of honey in bioactive compounds. Regular
consumption of honey is a very good attitude because it
is a great source of energy, trace elements, and vitamins.
International studies are now confirming what the
ancients already knew.
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Figure 3. Antibacterial activity of polyphenolic extracts honey against MRSA.
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Executive summary

to present an alternative way against the infectious diseases.

« Background: Methicillin resistant Staphylococcus aureus present multiple problems of nosocomial infectious
diseases, in addition to the multidrug resistance. Our work aims to evaluate the antibacterial effect of four
polyphenolic extracts from honey against Methicillin resistant Staphylococcus aureus. Methods and findings:
An extraction of polyphenol was carried out from different honey samples collected from different sites of the
Algerian territory. Then, the study of the antibacterial effect was performed by the determination of inhibition
diameter and the minimal inhibitory concentration. The results indicated that the extracts of honey presented
different total phenolic content with high value of 76 + 1.1 mg GAE/100 g of fresh weight. It was clearly showed
the sensitivity of MRSA against polyphenolic extracts. This inhibitory effect was found for the four samples tested
with varying degrees of inhibition. The polyphenolic extract of Jijel has the highest inhibitory effect among all
extracts with the MIC of 0.095 pl/ml. Conclusion: The study of the antibacterial effect of honey extracts allowed us
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