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Abstract

Development of an available drug delivery system is of great interest considering the
therapeutic effects of formulations with violate essential oils, especially assuming the fact
that using essential oils as antimicrobial agents is a rather expanded in antimicrobial ther-
apy nowadays. In this paper, the chitosan microparticles with encapsulated thyme essen-
tial oil were prepared in the emulsion by cross-linking method. The effect of thyme oil and
glutaraldehyde initial concentrations on particle size, morphology, and particle size distri-
bution was investigated. In addition, the influence of these parameters on the encapsul-
ation of thyme oil in chitosan microparticles, concerning thyme oil loadings and encapsul-
ation efficiency was also tested. The particles showed a spherical shape with an average
diameter of 4.71+1.42 to 13.65%4.34 um, depending on the concentration of the essential
oil and glutaraldehyde that were used. The diameter of microparticles appeared to inc-
rease with increasing the thyme essential oil concentration, and decreased with the inc-
rease of glutaraldehyde concentration. It was shown that the concentration of glutaral-
dehyde did not affect the degree of encapsulation, but the increase in the initial concen-
tration of thyme oil increased the degree of encapsulation of this essential oil in chitosan
microparticles. All particles containing thyme essential oil, as well as essential oil of thyme
itself showed significant antimicrobial activity against Staphylococcus aureus ATCC 25923,
Esherichia coli ATCC 25922, Candida albicans ATCC 24433 and Enterococcus faecalis ATCC
25929. This study showed a great potential of the use of thyme essential oil as an anti-
microbial agent, especially when encapsulated in a drug delivery system with controlled
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The main purpose of the drug therapy of any dis-
ease is to maintain the desired therapeutic concentra-
tion of the drug for the entire duration of the treat-
ment. Essential oils are secondary metabolites of plants
with very complex structures based on the terpenoid
substances, which show great antibacterial activity,
especially from the plants belonging to Lamiaceae
family, documented by number of studies [1,2]. Thyme
essential oil shows very strong antimicrobial effect on
large number of bacteria and fungi and it is very inter-
esting in antimicrobial therapy in the era of antimic-
robial resistance [3]. Essential oils, thyme oil as well,
are volatile compounds which easily evaporate, and
decompose during drug and cosmetics formulation,
and direct exposure to heat, pressure, oxygen or light
[4]. Their encapsulation inside the particles is very
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important to protect bioactive components that are
consisted in essential oils, from the direct contact of
the external factors that can change their biochemical
properties. Encapsulation is, thus, the best way to
retain functional properties of the essential oil and to
reach promising therapeutic effect, that essential oils
show in in vitro testing [5].

Chitosan is a biodegradable, biocompatible, muco-
adhesive and nontoxic natural polymer and has great
potential for pharmaceutical application as drug and
therapeutic enzyme carriers [6,7]. The physical and
chemical properties of chitosan make this polymer also
a rather attractive for encapsulation of thyme essential
oil. It is a natural linear polysaccharide, obtained by
alkaline deacetylation of chitin, which is a component
of the protective cuticles of crabs, shrimps and other
crustaceans and fungal mycelia [8]. Chitosan is soluble
in acid conditions, but it has poor solubility above pH
6.5. It is structurally a linear polysaccharide composed
of repeating units of 8-(1-4)-2-amino-2-deoxy-D-gluco-
pyranose (D-glucosamine), and has free amino groups
on its polymeric chains. These amino groups protonate
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and give chitosan its cationic character that determines
its main properties: controlled drug release for anionic
substances, mucoadhesive properties, in situ gelling
properties, etc [9]. Based on the antimicrobial pro-
perties of chitosan itself [9], this would be a great
choice for the preparation of particles with incorpor-
ated antimicrobial essential oils such as thyme, in order
to design a potent antimicrobial formulation for thera-
peutic use. Biodegradable, nontoxic, mucoadhesive and
biocompatible properties make chitosan a promising
biopolymer for the preparation of microparticles by
different techniques: cross-linking with different cross-
linking agents (glytaraldehyde, formaldehyde or geni-
pin), spray drying, ionotropic gelation, simple and com-
plex coacervation [11]. Among all these techniques, the
emulsion cross-linking method would be the method of
choice for the preparation of chitosan particles with
essential oil of thyme, because some other methods
involve temperature, high pressure, etc. The cross-link-
ing method is based on the reaction of the amino group
of chitosan and the aldehyde group of the cross-linking
agent [12,13].

The primary aim of this study was to explore the
potential of chitosan as a carrier for encapsulation of
thyme essential oil. For this purpose, the effects of
thyme and glutaraldehyde concentrations on particle
size and size distribution, morphology and encapsul-
ation efficiency were investigated. The second object-
ive was to test the in vitro antimicrobial activity of
optimized chitosan microparticles and thyme oil itself,
as well as to control empty chitosan microparticles and
to compare results. Overall, the main objective of this
study was to design an effective biodegradable anti-
microbial drug delivery system which would be very
useful in antimicrobial therapy.

MATERIALS AND METHODS

Materials

Medium molecular weight chitosan (75-85% degree
of deacetylation, CAS #9012-76-4), were purchased
from Sigma—Aldrich (St. Louis, MO, USA). Acetic acid,
lactic acid, Tween 80 (polysorbate 80) and glutaral-
dehyde were purchased from Merck Chemicals Co.
(Darmstadt, Germany). Thyme essential oil was pur-
chased from Sanoflore (France).

Microorganisms

For the purpose of in vitro testing of antimicrobial
activity of thyme essential oil and chitosan particles
with thyme, the following standardized bacterial and
fungi cultures were used (ATCC — American Type Cul-
ture Collection): Staphylococcus aureus ATCC 25923,
Esherichia coli ATCC 25922, Candida albicans ATCC
24433 and Enterococcus faecalis ATCC 29212. These
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cultures of microorganisms were propagate in Tripton
soya broth and agar and used in antimicrobial assays as
freshly prepared overnight broth cultures.

Gas chromatography with mass spectrometry (GC—MS)

Gas-chromatographic analysis of essential oils was
conducted with Hewlett Packard 5973-689 GC—MS sys-
tem in El mode on 70eV with spectrometric detection
of masses. Initial temperature of capillary column HP
5MS (30 mmx0.25 mm; film thickness 0.25 pm) was 60
°C. Using the heating speed of 3 °C/min, it was heated
to 280 °C. Helium was gas carrier for this purpose, and
it had the flow of 1 ml/min. The amount of 1 ul of each
investigated sample was injected in GC column in pro-
portion of 1:10.

Identification of components was based on calcul-
ated retention indexes (R/) [14] and mass spectra com-
pared with standard substances and/or with NIS/NBS
Wiley library of mass spectra, including literature data
or data from free database (http//www. flavor-
net.org/iowtv.pherobase.com) [15]. Experimental
values of retention indexes are defined using calibrated
automated mass spectral deconvolution and
identification system software (AMDIS ver. 2.1, DTRA/
/NIST, 2002). Results are compared with retention
indexes from literature data and via internet available
database.

Preparation of chitosan microparticles

Chitosan microparticles with encapsulated essential
oil were obtained by the emulsion cross-linking
method. The two series of the particles were made:
one with varied concentration of essential oils (3, 6, 12
and 15 pl/ml) and the other with varied concentration
of the cross-linking agent glutaraldehyde (2, 3, 5 and
8%).

10 ml of 1% of chitosan solution in 1.65% lactic acid
is added to 50 ml of liquid paraffin solution with thyme
essential oil and 2% Tween 80, as a surfactant resulting
in formulation of w/o emulsion. The phases were
mixed on the magnetic stirrer (10 min at 8000 rpm), to
become homogenous. After that glutaraldehyde, as a
cross-linking agent, was added under condition of mix-
ing 30 min at 10000 rpm (Yellowline, DI 25 basic, Ica
Works Inc., Wilmington, 8000-24000 rpm), and the
microparticles were spontaneously formed. The resul-
tant microparticles were collected by centrifugation
(Sigma 2-16, rotor 12141, Germany), for 10 min at 4000
rpm. The supernatant volume was separated and mea-
sured, as it will be later used in the calculation (to
determine how much of thyme has not been incorp-
orated into the microparticles). The remaining solid
phase contained microparticles, and they were sequ-
entially washed with 175 ml of 1% Tween solution,
then with 80 ml of ethanol and finally with 75 ml of
distilled water. Ethanol had the role of removing any
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remaining polar compounds that were not encap-
sulated. The volume of the separated content is mea-
sured. The mass of the particles was measured on an
analytical balance. The microparticles for microscopic
imaging are stored in acetate buffer, pH 4.6, in a
regular container. They are poured into it, and the
container is filled up to the marker with acetate buffer.

Determination of thyme essential oil loading and
encapsulation efficiency

Thyme essential oil loading, TEOL (mg/g), was
determined from the following equation:
CoVo —(CY +G\) |

w

TEOL = [

(1)

where C, is the thyme oil (polyphenols) concentration
of the initial solution (mg/ml); V, its volume (ml); C; the
thyme oil concentration in the supernatant (mg/ml); V;
the volume of supernatant (ml); C, the thyme oil con-
centration in washing solutions (mg/ml) and V, their
volumes (ml); w the weight of dry chitosan micro-
particles (g).

The efficiency of thyme encapsulation (EE, %) was
measured as also the amount of thyme (polyphenols)
encapsulated in microspheres (m.), divided by the total
amount of thyme (total polyphenols, m used for the
preparation of microparticles, as shown in Eq. (2):

EE%="e (2)
m

The most reliable method for the determination of
total polyphenols is the Folin—Ciocalteau (FC) method
[16]. Reaction of polyphenols and FC reagent (mixture
phosphor-wolfram and phosphor-molybdenum acids)
in mild alkaline conditions leads to the formation of a
relatively stable blue colored complex, which can be
spectrophotometrically determined at 765 nm using
UV-Vis spectrophotometer (Ultrospec 3300 pro, Amer-
ischam Bioscience).

Microparticles characterization

Once made, microparticles are photographed and
measured. Electronica microscope is used (Carl Zeiss
GmbH, Wien). Suspension of microparticles is carefully
placed on watch glass, and placed under a 200 times
magnification lens, field of view is found, and the
sample is photographed. For making the images, we
used the program Axi Vision 4.6.

Methods of determination of antimicrobial activity

Agar well diffusion method was employed for the
determination of antimicrobial activity of the thyme
essential oil, as well as for chitosan microparticles.
Tubules with diameter of 6 mm were placed on Petri
plates with prepared sterile TSA (tryptone soya agar,

Torlak, Serbia). After overlaying with soft TSA (0.60% of
agar-agar) inoculated with the indicator microorg-
anism, the tubules were removed and the obtained
wells were filled with 20 pl of thyme essential oil.
Plates are incubated at 37 °C during 24 h. The antimic-
robial activity of thyme, lactic acid (20 pl), and of com-
bined thyme oil and lactic acid (the compound included
50 ppm of lactic acid for 20 pl of essential oil) was
investigated in order to determine their synergistic
effect. Antibiogram tablets of clindamycin and nyst-
atine (30 mg) were used as a positive control for the
comparation of the antibacterial activity of essential
oils.

Series of solutions of chitosan microparticles were
made with various concentrations of essential thyme
oil (0.3, 0.6, 1.2 and 1.5%) and have been kept in 0.5 M
acetate buffer, pH 4.8. These solutions were prepared
in the following manner: 0.31 g chitosan microparticles
of various concentrations of thyme essential oil and
610 ml acetate buffer were mixed. For the antimic-
robial analyses, 20 pl of dissolved chitosan micropar-
ticles were added in the agar wells, prepared as men-
tioned above.

Antimicrobial activity of thyme itself and chitosan
micropaticles with encapsulated thyme oil are expres-
sed by the inhibition zones which are measured and
expressed in mm.

Statistical analysis

Data were summarized as mean + standard devi-
ation (SD). Data were analyzed by descriptive statistic
using one way ANOVA test. Turkey test was used for
comparing average values (p > 0.01).

RESULTS AND DISCUSSION

Chemical composition of thyme essential oil

Properties of essential oils can be changed, depend-
ing on their origin and composition. Thus, the chemical
composition of thyme essential oil used in the current
research has been investigated and the results are
shown in Figures 1 and 2.

According to the results of the chemical analysis of
thyme essential oil, 25 compounds were identified,
which represented 94.53% of the oil content. It can be
noted that the highest percentage of compounds
includes three classes: monoterpene hydrocarbons,
aromatic hydrocarbons and oxidized monoterpenes.
Other groups of compounds are present in less than 1%
(Figs. 1 and 2). More than half of total compounds of
thyme essential oil include 6 dominant compounds.
Among them, the most dominant is the oxidized mono-
terpene thymol (36.12%) and the monoterpene hydro-
carbon p-cymene (21.15%). Other dominant compo-
nents of this essential oil are the following: }terpinene
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Figure 1. GC—-MS chromatogram of thyme essential oil.
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Figure 2. The basic compound classes in the thyme essential oil.

(6.98%), linalol (5.90%), carvacrol (4.54%) and eucal-
yptol (4.74%) (Figure 2).

These results are in accordance with previous pub-
lished data about chemical composition of thyme
essential oil [17]. The main components of essential oils
determine the biological and pharmacological features
of the oil itself. Therefore, the chemical composition of
a certain essential oil will be important for its antibac-
terial activity.

Antimicrobial activity of thyme essential oil and
chitosan microparticles

The in vitro antimicrobial activity of thyme oil and
chitosan microparticles against aforementioned micro-
organisms, and their potential activities were assessed
qualitatively and quantitatively by the presence or abs-
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ence of inhibition zones, and the zone diameters were
expressed in mm. According to the results represented
in Table 1 and Fig. 3, thyme essential oil, as well as
chitosan microparticles containing this oil, showed sig-
nificant antibacterial and antifungal activity against all
tested indicator strains. With increasing the initial con-
centration of essential oil from 0.3 to 1.5%, the inhib-
ition zones increased from 4 to 6 mm against S. aureus.
The same trend was observed for the inhibition zones
against tested microorganisms: E. faecalis, C. albicans
and E. coli (Table 1). Hence regardless of the tested
bacteria and fungi the increase of the concentration of
encapsulated essential oil in chitosan microparticles led
to an increase of the inhibition zones.

Concerning Gram-positive bacteria, S. aureus (12
mm) was more sensitive than E. faecalis (8 mm) to
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Table 1. Antimicrobial activity (Inhibition zone, mm) of chitosan microparticles containing different concentrations of thyme
essential oil and chitosan itsef (data for 0.0%) against used bacteria and fungi

Initial concentration of thyme essential Bacterium

oil, vol.% S. aureus E. coli C. albicans E. faecalis
0.0 2.5 2.0 15 2.0
0.3 4.0 2.5 2.5 2.5
0.6 45 35 3.0 2.5
1.2 5.0 45 5.0 3.0
1.5 6.0 5.0 5.0 3.5

Figure 3. Antimicrobial activity of thyme and oregano essential oils and their combination with lactic acid against S. aureus, and of
chitosan microparticles containing thyme essential oil against S. aureus. A) Inhibition zones of thyme and oregano essential oils; B)
inhibition zones of combined thyme oil and lactic acid and oregano oil and lactic acid; C) inhibition zones of chitosan microparticles

containing 0.6, 1.2 and 1.5% thyme essential oil.

thyme essential oil. Slightly less sensitive was Gram-
negative bacteria E. coli (0.8 mm). The thyme oil also
showed antifungal activity against C. albicans (2 mm).
Low sensitivity of Gram-negative bacteria to essential
oils can be the consequence of the construction of their
cell wall which includes an external membrane around
the peptidoglycan layer, which also inhibits diffusion of
hydrophobic components through their lipopolysac-
charide layer [18].

The antibacterial activity of essential oils with high
content of thymol and carvacrol, such as thyme essen-
tial oil (thymol-36.12% and 4.54% carvacrol), is very
well documented [19].

Also, chitosan microparticles containing thyme oil
showed significant antimicrobial activity, as well as
non-loaded chitosan microparticles, which was exp-
ected due to the known antimicrobial effect of chitosan
itself [20].

Encapsulation of thyme essential oil in chitosan
microparticles

Chitosan microparticles with different concentrations of
thyme essential oil

In this study, thyme essential oil has been encap-
sulated in chitosan microparticles by the oil-in-water
(o/w) emulsion cross-linking method. The effects of
initial thyme essential oil concentration in the range
from 0.3 to 1.5 vol.% on thyme essential oil loading and

encapsulation efficiency were first investigated. The
results are presented in Fig. 4.

The increase of the initial thyme concentration
affected significantly its loading. Thyme essential oil
loading increased rapidly with increasing concentration
of thyme oil in the initial solution and then reached a
maximum value of 58.85+1.32 mg/100 mg of micropar-
ticles. It seemed that the maximum loading for chitosan
microparticles was not reached in this experiment. The
encapsulation efficiency appeared to slightly increase
with the thyme concentration, being in the range from
77.8914.0 to 85.56+7.19%, for thyme concentration of
0.3 and 1.5 vol.%, respectively. This result is in accord-
ance with previous published data [21,22].

Chitosan microparticles with different concentrations of
glutaraldehyde

In order to study the effect of glutaraldehyde con-
centration on particle size and encapsulation efficiency,
thyme oil concentration was fixed at 1.2 or 1.5%, while
the glutaraldehyde concentration was varied in the
range from 2 to 8%. The results are presented in Table
2 and Fig. 5. Optical microscopy images of the micro-
capsules are shown in Fig. 6.

According to the results presented in Fig. 5, the
concentration of glutaraldehyde did not significantlly
affect the degree of thyme oil encapsulation. However,
an optimal glutaraldehyde concentration is required for
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Table 2. The effects of glutaraldehyde concentration on the thyme essential oil loading, TEOL, and encapsulation efficiency (EE, %)

as well as on particle diameters with statistical analysis of chitosan microparticles diameter; TEOL — thyme essential oil loading;
EE — encapsulation efficiency; ADS — average diameter size; STD — standard deviation; SE — standard error

Initial glutaraldehyde concentration, % TEOL, mg/100mg EE, % ADS, um STD SE
2 58.51 85.07 12.85 3.61935 0.80931
3 59.10 85.94 13.65 4.34231 0.97097
5 57.04 82.94 7.192 3.16752 0.70828
8 58.52 85.09 4.710 1.41743 0.31695
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Figure 5. The effect of glutaraldehyde concentration on the thyme oil encapsulation efficiency (EE, %) and particle diameters.
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chitosan microparticles formation regarding their
shape, size and size distribution (Fig. 6). Namely, mic-
roparticles were spherical in shape with smooth sur-
faces. Except for few cases, the droplets of thyme oil
appeared to be individually encapsulated as spherical
particles with size distribution consistent with a micro-
particle size and one can notice also the absence of
agglomerates.

The microspheres had a mean particle size in the
range from 4.71+1.42 to 13.65+4.34 um. Such particles
were considered to be of the appropriate size suitable
for several administrations. There was no significant
difference in the particles size between microparticles
with 2 and 3% glytaraldehyde used as cross-linking
agent, neither in microparticles with 5 and 8% glytaral-
dehyde used. However, significant differences in par-
ticle size (p < 0.01) were found for particles with 2%
glutaraldehyde compared to particles with 5 and 8%

microparticles with encapsulated thyme oil on four
tested microorganisms: Staphylococcus aureus, Escher-
ichia coli, Candida albicans and Enterococcus faecalis.
Gram-positive bacteria were more sensitive to micro-
particles with thyme essential oil, and thyme oil itself,
than gram-negative bacteria.

The results revealed that essential oil concentration
in microparticles had the most important influence on
the diameter of the inhibition zone against tested mic-
roorganisms, as well on the diameter of chitosan mic-
roparticles that were made. The increase of the con-
centration of thyme essential oil in the chitosan micro-
particles induced an increase in the diameter of the
inhibition zones of the tested microorganisms. On the
other hand, the diameter of chitosan micropaticles
decreased with increasing the concentration of the
cross-linking agent glutaraldehyde, that was used for
preparing microparticles. It is important to emphasize

Figure 6. Electron microscopy of chitosan microparticles with encapsulated thyme essential oil and containing glutaraldehyde as the
crosslinking agent. A) microparticles with encapsulated 1.5 % thyme essential oil and 8% glutaraldehyde (average size of micro-
spheres was 4.71 um); B) microparticles with encapsulated 1.5% thyme oil and 3% glutaraldehyde (average diameter of the particles

is 13.64 um).

glytaraldehyde used as cross-linking agent, as well as
for microparticles size with 3% glutaraldehyde com-
pared with size of particles with 5 and 8% glutaralde-
hyde.

It appeared that the diameter of microparticles
decreased with the increase of glutaraldehyde concen-
tration. These results were similar to these reported in
other studies [23-25], although there are not many
reports about essential oils and their constituents being
encapsulated.

In the present study, it was shown that the emp-
loyed emulsion method was suitable for the prepar-
ation of chitosan microparticles for the purpose of
thyme oil encapsulation.

CONCLUSIONS

The present work aimed to study the antimicrobial
activity of thyme essential oil, as well as chitosan

that this research has not yet been reported in litera-
ture. Also the results of the determination of the inf-
luence of initial concentration of thyme essential oil on
its encapsulation efficiency showed that the increase in
the initial concentration of thyme increased its degree
of encapsulation in chitosan microparticles. In the same
experiment it was shown that the concentration of
glutaraldehyde did not affect the degree of encapsul-
ation.

These results of the study showed the potent anti-
microbial effect of chitosan microparticles with thyme
essential oil for future application in antimicrobial
therapy.
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IZRADA, KARAKTERIZACIJA | ANTIMIKROBNA AKTIVNOST HITOZANSKIH MIKROCESTICA SA ETARSKIM ULJEM
TIMIJANA

Danijela Pecarskil, Zorica Kneievié-]ugovic’z, Suzana Dimitrijevic’-Brankovic’Z, Katarina Mihajilovskiz, Slobodan Jankovi¢®
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’Tehnolosko—metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, Beograd
*Medicinski fakultet, Univerzitet u Kragujevcu, Svetozara Markovica 69, Kragujevac

(Naucni rad)

Etarska ulja kao antimikrobni agensi su sve vise u upoterbi u antimikrobnoj Kljucne reci: Hitozan e Timijan e Anti-
terapiji, pa je i razvoj odgovarajuceg drug delivery sistema sa etarskim uljem od mikrobna aktivnost e Patogeni e Mikro-
velikog terapijskog znacaja. Inkapsulacija isparljivih etrskih ulja u odgovarajuce Cestice e Etarsko ulje

Cestice je od velikog znacaja da bi se Zastitile bioaktivne komponente, koje su
sastavni deo etarskih ulja i koje su osetljive na direktno delovanje svetlosti, tem-
perature i oksidacije jer ovi faktori menjaju njihove biohemijske osobine. Hitozan
je biodegradibilan, biokompatibilan, mukoadhezivan i netoksi¢an prirodni polimer
koji kao takav ima ogroman potencijal kao nosac aktivnih supstanci u farmaceut-
skim formulacijama. Hitozanske mikrocestice sa inkapsuliranim etarskim uljem
timijana su izradene emulzionom metodom uz primenu urezavajuceg agensa.
Varirane su koncentracije etarskog ulja timijana i glutaraldehida kao umrezivaca, i
praéen je njhov uticaj na veli¢inu Cestica, koli¢inu inkapsuliranog timijana i efikas-
nost inkapsulacije. Hitozanske mikrocestice su imale sferican oblik sa prose¢nim
precnikom koji je bio u opsegu od 4.71+1.42 to 13.65%4.34 um, u zavisnosti od
koncentracije etarskog ulja i glutaraldehida koji su koris¢eni pri izradi Cestica.
Precnik Cestica, odnosno veli¢ina Cestica, je rasla sa poveéanjem koncentracije
etarskog ulja timijana i smanjivala se sa povecanjem koncentracije glutaraldehida.
Pokazano je da koncentracija glutaraldehida nema uticaja na stepen inkapsulacije
etarskog ulja timijana u hitozanske mikrocestice, dok sa porastom koncentracije
etarskog ulja timijana raste koli¢ina inkapsuliranog ulja i efikasnost inkapsulacije.
Sve mikrocestice, ukljucujuéi i samo etarsko ulje timijana, su pokazali znacajnu
antimikrobnu aktivnost protiv Staphylococcus aureus ATCC 25923, Esherichia coli
ATCC 25922, Candida albicans ATCC 24433 i Enterococcus faecalis ATCC 25929.
Ova studija je pokazala veliki antimikrobni potencijal etarskog ulja timijana inkor-
poriranog u hitozanske mikrocestice kao odgovaraju¢u farmaceutsku formulaciju
sa kontrolisanim oslobadanjem aktivne antimikrobne komponente.
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