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Abstract The antioxidant and antimicrobial activity
of Myrtus communis extract was determined before
and after its encapsulation in liposomes of diVerent
composition. Evaluation of the sunXower oil oxidation
by the Rancimat stability test and malondialdehyde
formation by HPLC were used to measure the antioxi-
dant action in comparison with common commercial
antioxidants, such as butylated hydroxytoluene and �-
tocopherol. The thermal-oxidative decomposition of
the samples, the modiWcation of the main transition
temperature for the lipid mixture and the splitting of
the calorimetric peak in the presence of the antioxi-
dants were studied by diVerential scanning calorimetry.
The size and the surface charge of liposomes were also
studied. The extract showed antioxidant and antimi-
crobial activity. �t concentrations up to 160 ppm, the
extract showed superior activity than �-tocopherol.
When the extract was encapsulated in liposomes, its
antioxidant as well as its antimicrobial activity proved
to be superior from that of itself in pure form.
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Introduction

Myrtus communis (Myriaceae) is an evergreen sclero-
phyll shrub or small tree [18]. The leaves emit an aro-
matic and refreshing smell somewhat reminiscent of
myrrh or eucalyptus; the taste is very intensive, quite
unpleasant and strongly bitter. The plant grows abun-
dantly in the North Western to Eastern Mediterra-
nean. Myrtle is a spice Wnding no wide application
because of its bitterness, despite the pleasant odor. Its
culinary importance is limited to the region of origin.
Foods Xavored with the smoke of myrtle are common
in rural areas of Italy or Sardinia. The most important
constituents of myrtle oil are myrtenol, myrtenol ace-
tate, limonene, linalool, �-pinene, 1,8-cineole, �-caryo-
phyllenein addition to p-cymene, geraniol, nerol and
the phenylpropanoid, methyleugenol [8, 21]. However,
there is considerable variability in the composition of
oil from diVerent locations. In folk medicine, the fruit
of this plant is used in the treatment of many types of
infectious disease, including diarrhea and bloody
diarrhea, and the leaves are used as antiseptic and anti-
inXammatory agent, and as a mouthwash, for the treat-
ment of candidiasis. Many plants from the Myriaceae
family are reported to have antibacterial or antifungal
activities [17, 25].

Antioxidants have been widely used as food addi-
tives to avoid the degradation of foods. They also have
an important role in preventing a variety of lifestyle-
related diseases and ageing because these are closely
related to the active oxygen and lipid peroxidation
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[11]. As indicated by Lalas and Tsaknis [14] doubts
about the safety and use of synthetic antioxidants Wrst
arose in the early 1960s. Consequently, there has been
much interest in the antioxidant activity of naturally
occurring substances. The fats and oils industry
increasingly seeks natural sources for antioxidants tak-
ing into account the growing consumer preference for
“natural” products [14]. The plant kingdom oVers a
large range of compounds with desired activity.
Extracts of many plants (such as spices, herbs, etc.)
have shown to have various degrees of antioxidant
activity [5] and antibacterial and antifungal properties
[20]. However, as indicated by Chorianopoulos et al.
[4] the commercial application of plant extracts and
essential oils in food preservation could be diYcult due
to their limited antibacterial activity. More attention
and eVort is now focusing on product formulation and
eYcient delivery systems to enhance product and
ingredient stability and assist or enhance absorption
[12]. This can be accomplished by the use of liposomes.

Liposomes are spherical particles with one or multi-
ple concentric membranes in which a fraction of the
solvent can be encapsulated. Liposomes are con-
structed of polar lipids. Typical compositions include
phosphatidylcholines and phosphatidylethanolamines,
often containing negatively charged lipids, such as
phosphatidylserine and phosphatidylinositol. In addi-
tion ceramides (such as sphingomyelin), and sterols
(cholesterol, ergosterol, sitosterol, etc.) are also
included. As indicated by Barratt [2], liposomes were
Wrst proposed as carriers of biologically active sub-
stances in 1971. They resemble to the lipid membrane
part of cells. Only, liposomes can encapsulate both
hydrophilic and lipophilic materials (plant extracts). It
is also important that liposomes encapsulating extracts
possess new physicochemical characteristics and bioac-
tivity [27] which can enhance extract’s original activity.
The modiWed activity of plant extracts encapsulated in
liposomes has been reported previously [10].

In this work, we have evaluated the modiWed activ-
ity (antioxidant and antimicrobial) of the methanol
extract of M. communis (indigenous in Greece)
before and after encapsulation in liposomes and its
activity was compared with that of known synthetic
[butylated hydroxytoluene (BHT)] or natural (�-
tocopherol) antioxidants and antimicrobial agents
(netilmicin and intraconazole). Liposomes were
applied because, due to their unique properties, they
are able to enhance the performance of products by
increasing ingredient-solubility (easier incorporation
of water-soluble compounds into oil-based products),
improving the bioavailability and the in vivo and
in vitro stability [10].

Materials and methods

Leaves of M. communis were collected in the area of
Attiki (Athens, Greece) and deposited at the Herbar-
ium of the Division of Pharmacognosy-Chemistry of
Natural Products (Athens, Greece).

The dried aerial parts were powdered and extracted
with methanol at room temperature for 24 h and the
extract was concentrated under vacuum (using a Büchi
Rotavapor R-215 and B-160 Vacobox pump—BÜCHI
Labortechnik AG, Flawil, Switzerland).

The extraction of a smaller quantity of the same plant
material was also performed using the same procedure
but with absolute ethanol as solvent. This extract was co-
chromatographed in comparison with the methanol
extract using thin layer chromatography on Silica gel
F254 TLC plates (Merck Ltd, Darmstand, Germany) in
various systems of diVerent polarities (Cyclohex-
ane:dichloromethane:methanol from 100:0:0 to 0:70:30).
The spots were detected before and after spraying with
vanillin (Sigma Chemicals Company Ltd, St Louis, USA)
and Neu’s reagent (Sigma Chemicals Company Ltd) as
described by Lalas and Tsaknis [14], showing a com-
pletely similar chromatographic proWle for both solvents.
In further experiments only methanol extract was used.

Evaluation of the antioxidant action by the Rancimat 
method

The method used was adapted from Lalas and Tsaknis
[14]. The antioxidants (pure extract in concentrations
80, 120, 160 and 240 ppm or BHT at 200 ppm and �-
tocopherol at 200 ppm—both from Sigma Chemicals
Company Ltd, St Louis, USA) were accurately weighed
into sunXower oil (Elais S.A., Athens, Greece) and
their action were determined using a Rancimat 679
(Metrohm Ltd, Herisau, CH 9101, Switzerland) along
with another sample of sunXower oil without antioxi-
dant (control). One milliliter of the appropriate solvent
(methanol) was added and mixed well in order to dis-
solve the antioxidant. The conditions were set at 90 °C
and 15 l/h. The comparison of the activity of pure
extract (160 ppm) and the extract encapsulated in lipo-
somes (prepared using 160 ppm of extract), against the
oxidation of sunXower oil using the same experimental
conditions (90 °C and 15 l/h), was also determined.
During this experiment a sample of sunXower oil with
empty liposomes was used as control.

Protection factor

The protection factor (P.F.) for Rancimat method was
calculated as P.F. = (induction period with antioxidant)/
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(induction period without antioxidant). A protection
factor greater than 1 indicates inhibition of the lipid
oxidation. The higher the value, the better the antioxi-
dant activity [13].

Determination of malondialdehyde by HPLC

The method used was adapted from Gortzi et al. [10].
The determination of malondialdehyde (MDA) was
carried out after accelerated oxidation of sunXower oil
under UV light. SunXower oil and the added antioxi-
dant (pure extract, BHT, �-tocopherol) in concentra-
tions of 100 and 150 ppm, were accurately weighed into
a glass petri dish (87 mm internal diameter and 15 mm
in height) and mixed well. The dishes were placed (half
immersed) in a water bath (50 °C) and directly exposed
to UV light produced by a lamp situated 50 cm above
(General Electric 260 nm UV Germicidal lamp G25T8,
25 Watt, 45 cm in length and 3 cm in diameter) for
12 h. Then, the oils were collected and stored in dark
glass-bottles with nitrogen and stored at ¡16 °C until
MDA analysis by HPLC the same day. The method
used for the determination of MDA was adapted from
Tsaknis et al. [29]. HPLC was performed using a
Waters System consisted of a Waters 600E HPLC
pump equipped with a Waters �-bondapack C18
(300 £ 3.9 mm i.d.) column. The mobile phase was 1%
acetic acid:acetonitrile (85:15, v/v) and the Xow rate
was set at 2.5 ml/min. The retention time of MDA was
1.44 min. Chromatograms were monitored at 254 nm
using a Waters 486 Tunable Absorbance Detector
(Millipore Corporation, Waters Chromatography
Division, Massachusetts, MA 01757, USA).

Preparation of liposomes

The liposomes were prepared as described by Gortzi
et al. [10], using common lipid compositions [1] since as
indicated by El Jastimi et al. [6] phosphatidylcholine/
cholesterol liposomes show little leakage of contents.
Liposomes contained egg L-�-phosphatidylcholine (PC)
(10 mg/ml) and cholesterol (C) (2 mg/ml) for determi-
nation of antioxidant and antimicrobial activity or PC
(10 mg/ml), C (2 mg/ml) and phosphatidylglycerol
(PG) (1 mg/ml) for determination of antimicrobial
activity were prepared by the mechanical shaking tech-
nique (thin Wlm method). PC, C and PG were obtained
from Sigma Chemicals Company Ltd (St Louis, USA).
The 99% purity of the lipids was veriWed via thin layer
chromatography on silicic acid-coated plates (Merck
Ltd, Darmstadt, Germany) as described previously
[19]. The mixture of lipids was dissolved in chloro-
form:methanol (3:1) in a 50-ml round-bottom Xask and

the organic solvent was removed by a rotary evapora-
tor until a thin Wlm was formed to the walls. When M.
communis extract was used (in a quantity of 1.5 mg/ml)
as antioxidant or antimicrobial agent, it was dissolved
in methanol and then mixed in a round-bottom Xask
with PC and C (antioxidant and antimicrobial activity)
or PC, C and PG (antimicrobial activity), respectively.
The organic solvents were evaporated under a stream
of nitrogen at 35 °C (above the lipid transition temper-
ature). The lipid Wlm was suspended in 2 ml of a phos-
phate buVer saline solution (PBS) (pH 7.4) (Sigma
Chemicals Company Ltd) and vigorously vortexed for
15 min. Sonication of the preparation (in order to
reduce the size and homogenize liposomes) was carried
out in a Branson bath-type sonicator. This suspension
was allowed to hydrate for 2 h in the dark at room tem-
perature (in order to anneal any structural defects) [1]
and then centrifuged at 6,500 rpm at 4 °C using a Sorv-
all General-Purpose RC-3 Automatic Refrigerated
Centrifuge (Ivan Sorvall INC., Newtown Connecticut,
USA) in order to dispose non-incorporated molecules
of extracts or lipids from the liposome suspension [26].
The supernatant of the centrifuged suspension con-
tained the prepared multilamellar vesicles (MLV).
When it was not possible to use the prepared liposomes
the same day, they were freeze-dried with a Virtis
model, Sentry 5L (Virtis Company INC., Gardiner, New
York, USA) in order to prevent storage problems [22].

Liposome sizing measurements

A total of 50 �l of the liposome dispersion were diluted
with 20 ml of Wltered buVer (0.22 �m pore size, polycar-
bonate Wlters, Millipore, UK) and sized immediately by
photon correlation spectroscopy using a Model 4700C
(Malvern Instruments Ltd, Malvern, Worcestershire,
UK) (which enables the mass distribution of particle
size to be obtained, according to manufacturers). Mea-
surements were made at 25 °C with a Wxed angle of 90°
and sizes quoted are the z-average mean (dz) for the
liposomal hydrodynamic diameter. The size of lipo-
somes was also conWrmed by image analysis of electron
micrographs using a LEICA Q500MC image analysis
system (Leica Cambridge Ltd, Cambridge, UK).

Liposomal surface charge

Liposome dispersions were diluted with PBS pH 7.4
and their electrophoretic mobility was measured at
25 °C by photon correlation spectroscopy using a Zeta-
sizer 5000 (Malvern Instruments, UK). Zeta potentials
of the dispersions were calculated by the instrument
according to the Smolowkovski equation.
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Scanning electron microscopy

Electron microscopy analysis of liposome was carried
out according to Gortzi et al. [10] on a JEOL JSM-6360
Scanning electron microscope (JEOL Ltd, Tokyo,
Japan). The liposome dispersion placed earlier on alu-
minum stubs (Sigma-Aldrich Chemie GmbH, Taufkir-
chen, Germany) was dried and then sputtered with
gold.

Vesicle dispersions were kept at 5 § 1 °C and at
Wxed time intervals (once a week for the Wrst 2 months)
liposomes size distribution was determined by scanning
electron microscopy (SEM).

DiVerential scanning calorimetry

The method used was adapted from Gortzi et al. [10].
The extract was encapsulated in liposomes (PC:C 10:2)
and its antioxidant action was estimated using diVeren-
tial scanning calorimetry (DSC). A Perkin Elmer DSC-
6 calorimeter (Perkin Elmer Corp., Norwalk, CT,
USA) was employed to study the oxidation stability of
the samples.

Samples of 4 mg were placed in DSC aluminum cru-
cibles closed with lids perforated with a hole (internal
diameter—1 mm) in the center in order to allow the
sample to be in contact with the oxygen stream. The
purge gas foaming the reaction atmosphere was oxy-
gen. An empty crucible, hermetically sealed, was used
as reference.

The starting temperature of oxidation was deter-
mined as the onset temperature of the oxidation peak.
The temperature program was: Heat from 30 to 180 °C
(100 °C/min), hold for 1 min at 180 °C and Wnally heat
from 180 to 370 °C (10 °C/min).

Antimicrobial bioassay

The antibacterial activity of the extract was deter-
mined, using the diVusion technique of Bauer-Kirby
(disc method) [3] according to Gortzi et al. [10], by
measuring the zone of inhibition against four Gram
positive bacteria: Staphylococcus aureus (ATCC
25923), Staphylococcus epidermidis (ATCC 12228),
Staphylococcus mutans (ATCC 31989) and Staphylo-
coccus viridans (ATCC 19952), and four Gram nega-
tive: Pseudomonas aeruginosa (ATCC 27853),
Escherichia coli (ATCC 25922), Enterobacter cloacae
(ATCC 13047) and Klebsiella pneumoniae (ATCC
13883), as well as against three human pathogenic
fungi Candida albicans (ATCC 10231), Candida tropi-
calis (ATCC 13801) and Candida glabrata (ATCC
28838) and against the food-pathogen bacteria of Liste-

ria monocytogenes. Standard antibiotics netilmicin and
intraconazole (both from SanoW, Diagnostics Pasteur,
Paris, France) were used in order to control the sensi-
tivity of the tested bacteria and fungi, respectively. The
tested compounds were dissolved in methanol. For
each experiment, a control disc with pure solvent and
two discs with empty liposomes (each with diVerent
lipid composition: PC:C:PG or PC:C) was used as blind
control. All the paper discs had a diameter of 6 mm
and were deposited on the surface of the seeded trypti-
case soy agar (Scharlau Chemi S.A., Barcelona, Spain)
petri dishes. Six microliters of a solution of 1 mg/ml of
the extracts have been put on the discs. The plates
were inoculated with the tested organisms to give a
Wnal cell concentration of 107 CFU/ml and incubated
for 48 h at 37 °C. The fungi were grown on Sabou-
raud’s agar (Pronadisa, Conda Lab. Madrid, Spain) at
25 °C for 48 h. The results are expressed as mm of zone
of inhibition.

Statistical analysis

Results, were expressed as the means and standard
deviation (SD in parenthesis), of at least three simulta-
neous assays carried out in all methods. Statistical sig-
niWcance of the diVerences between the mean values
was assessed by ANOVA test.

Results

The antioxidant action of M. communis extract was
determined using three methods: namely Rancimat
stability test, MDA formation and oxidative stability
by DSC. Rancimat and DSC methods assess diVerent
aspects of the oxidative process and are based on gen-
eration of volatiles and thermal release, respectively,
indicating the onset of advanced oxidation (termina-
tion), while the MDA method assesses the antioxidant
action at a much lower temperature and determines a
secondary product (MDA) at a diVerent stage of oxida-
tion.

The extract (Figs. 1, 2) in all concentrations showed
antioxidant action. Its action was also compared with
that of common commercial antioxidants BHT and �-
tocopherol. At concentrations up to 160 ppm, it
showed superior action than �-tocopherol (signiWcant
at P < 0.05). As it appears in Fig. 1 the increase of anti-
oxidant activity was not proportional to concentration.
As observed by Schuler [24] and Gortzi et al. [10], the
activity of certain antioxidants does not increase line-
arly with the increase of their concentration. In high
levels of addition can even act pro-oxidantly.
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The encapsulation of the extract in liposomes (PC:C
10:2) produced a more intense (signiWcant at P < 0.05)
antioxidant action than the same extract in pure form
(25% higher antioxidant activity) (Table 1). It should
be stated that 160 ppm (used for the direct comparison
of the activity of encapsulated or non-encapsulated
extract—Table 1) was the initial amount of extract
used for encapsulation. The exact percentage of encap-
sulation was diYcult to be determined and it was not
our purpose to do so during this study, since our inter-
est was focused on the modiWcation of the bioactivity.

Auto oxidation of fats, fatty acids and lipids is a
well-established exothermic process and the methods
of thermal analysis are valuable for study thermostabil-
ity and thermo-oxidation [16]. DSC is a good technique
to determine the kinetic parameters of the non-inhib-
ited and inhibited fatty acid oxidation. The extrapo-
lated temperature of the start of the oxidation process

is useful to evaluate antioxidant activity [16] based on
the measurements of the incubation period. The eVec-
tiveness of an antioxidant represents the possibility of
blocking the chain radical process by interaction with
the peroxyl radicals, which are responsible for the
duration of the incubation period [9]. In Fig. 3 the DSC
curves of M. communis extract and liposomes (PC:C
10:2) suspensions in the absence and in the presence of
extract are given. The analysis was carried out with
PC:C liposomes. This preparation was selected since
the system PC:C + M. communis extract presented the
highest antimicrobial activity (Table 3). Thermal-oxi-
dative decomposition of pure extracts and liposome
preparations was studied. In comparison to the Ranci-
mat stability test, DSC analysis is concluded to be use-
ful as well as faster method, which can be applied for
the evaluation of oxidative stability of samples contain-
ing volatile antioxidants and other lipid systems con-
taining water [10]. The method used in DSC analysis
was based on experiments in which the temperature of
the extrapolated onset of the thermo-oxidation process
and the temperature of maximum heat Xow were
determined from the resulting measurement curves for
exothermic reaction [16]. An exothermic peak is
observed in the range of 180 to 360 °C related to auto-
oxidation process of the samples. Using the curves, the
onset temperature at which the auto-oxidation process
begins is determined [16] as 218 °C (empty liposomes-
control), 237 °C (M. communis extract) and 272 °C
(liposomes + M. communis extract). As it appears in
Fig. 3 the addition of extract encapsulated in liposomes
had more intense antioxidant action than itself in pure
form. The shape of DSC plots of liposome prepara-
tions are similar to those of pure extract oxidation
curves. However, at the same heating rate, the temper-
ature of the start of oxidation reaction is signiWcantly
(P < 0.05) higher. The modiWed antioxidant action of
extract during its encapsulation was expected since the
complex (liposome membrane-fraction) possesses new

Fig. 1 Protection factor (Rancimat method) of Myrtus communis
pure extract (80, 120, 160 and 240 ppm), BHT (200 ppm) and �-
tocopherol (200 ppm) in sunXower oil
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Fig. 2 Malondialdehyde concentration in sunXower oil with
Myrtus communis pure extract, BHT and �-tocopherol (all at 100
and 150 ppm)
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Table 1 Induction period (h) and protection factor on sunXower
oil after addition of liposomes (pure or encapsulating extract)

a Values are means of triplicate determinations. Standard devia-
tion is given in parenthesis

Sample description Induction 
perioda

Protection 
factor

SunXower oil + liposomes 
(PC:C 10:2 mg/ml) (no extract)

19.6 (0.8) –

SunXower oil + 160 ppm 
M. communis (�eOH extract)

23.5 (0.9) 1.2

SunXower oil + liposomes 
(PC:C 10:2 mg/ml) with 160 ppm 
M. communis (�eOH extract)

29.5 (0.6) 1.5
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physicochemical characteristics and bioactivity
depended on structure, size and z-potential of the
preparation [10, 27]. Also, the antioxidant action of
pure liposomes (no extract added) of the same lipid
composition (PC:C 10:2) appeared much lower (signiW-
cant at P < 0.05) than that of extract, implying that
the encapsulation of the components of the extract in
the aqueous part of liposomes and the possible link of the
lipophilic in lipid bilayers stabilized the liposome mem-
branes.

Morphological studies using optical and SEM were
performed in order to verify vesicle formation and to
provide knowledge on their shape, structure, and size.
SEM images have a characteristic three-dimensional
appearance (due to the manner in which the image is
created) and are useful for judging the surface struc-
ture of the sample. Scanning electron micrographs
(Illustration 1) showed that the liposome vesicle,
obtained by the thin Wlm method, were spherical in
shape. The tendency of the liposomes to aggregate was
also observed. Physical stability of vesicular (self
aggregation) dispersions was also investigated by SEM
visualization. Vesicle dispersions were kept at 5 § 1 °C
and at Wxed time intervals (once a week for the Wrst
2 months) liposomes size distribution was determined
by SEM again, while vesicle size had not signiWcant
(P < 0.05) increased.

Liposome (PC:C) size and surface charge were stud-
ied for extract-incorporating liposomes and empty
liposomes for comparison (Table 2). The mean diame-
ter of the vesicles ranged from 230 to 270 nm and the
surface charge of all the vesicles was negative, ranging
from ¡8.9 to ¡11.9 mV. The incorporation of extract
caused a signiWcant (P < 0.05) change in the liposome
surface structure and aVected liposome size and z-
potential. Indeed, the extract-incorporating liposomes

were slightly larger (270–300 nm) (a phenomenon also
observed by other authors [15] and had a lower nega-
tive surface charge (¡8.3–¡9.7 mV), which increases
with the amount of substances incorporated in the lipid
membrane. The extract composition seems to play a
signiWcant role in the way it can be packed in the lipid
bilayer.

The methanolic extract of M. communis has also
been studied for its antimicrobial activity, before and
after encapsulation in liposomes (Table 3). The extract
appeared active against most of the studied microor-
ganisms (10–14 mm zone of inhibition). After its
encapsulation, the antimicrobial activity appeared
stronger (12–18 mm zone of inhibition). In general, the
Gram positive bacteria appeared as the least resistant
ones while L. monocytogenes and C. albicans showed
the higher resistance. After encapsulation, the exhib-
ited antimicrobial activities appeared stronger (signiW-
cant at P < 0.05), mostly against the Gram positive
bacteria. When using liposomes as carriers for the tar-
geting of bioactive compounds [7], the physicochemical
properties of the liposomal formulations are undoubt-
edly the main determinants of their Wnal targeting
eYciency. It is well known and documented that lipo-
some size, surface properties and stability have a pro-
found eVect on their biodistribution and thereby will

Fig. 3 DSC oxidation (DSC-
heat Xow/temperature) of 
Myrtus communis pure ex-
tract and extract encapsulated 
in liposomes. Illustration 1 
Scanning electron micro-
graphs of MLV liposomes 
(before and after encapsula-
tion of M. communis extract) 
obtained by thin Wlm method 
(pH 7.4, room temperature)
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Table 2 Size (expressed as mean diameter) (nm) and z-potential
(mV) of the PC:C (10:2) and PC:C:PG (10:2:1) liposomes before
and after M. communis extract encapsulation

a Values are means of Wve subsequent determinations from three
diVerent samples. Standard deviation is given in parenthesis

Sample composition Sizea (nm) z-potentiala (mV)

PC:C (no extract) 250 (20) ¡10.4 (1.5)
PC:C + M. communis extract 285 (15) ¡9.0 (0.7)
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highly inXuence the possibility of targeting any encap-
sulated bioactive compound to speciWc tissues [23]. The
antimicrobial properties of plant extracts have been of
great interest in both academia and the food industry,
because of their possible use as natural additives. Thus,
a growing tendency to replace synthetic antimicrobial
with natural ones has emerged [10]. Due to their strong
antimicrobial activity, the extract from the herbal parts
of M. communis used in our study could be considered
a natural source that can be freely used in the food
industry as a culinary herb. Especially, the dramatically
increased antimicrobial activity after the encapsulation
in liposomes can promote the use of the above men-
tioned extract as potent preservative and conservation
agent not only in food industry but also in cosmetics
and medical preparations.

The present study demonstrated the potential anti-
oxidant and antimicrobial-food preservative ability of
M. communis (indigenous in Greece). The encapsula-
tion in liposomes modiWed the activity of the extract.
Both, antimicrobial and antioxidant activity appeared
improved and the commercial application in food pres-
ervation could be considered. However, further inves-
tigation should be carried out on the modiWed
solubility of extract, as well as the rate of release of its
antioxidant–antimicrobial components from lipo-
somes. The M. communis is a self-growing plant widely
distributed. The production of extract and its exploita-
tion as potential natural antioxidant and food preserva-
tive could be of economic beneWt.
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