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In this  study,  oregano  essential  oil  (OEO)  has  been  encapsulated  in  chitosan  nanoparticles  by  a two-step
method,  i.e.,  oil-in-water  emulsion  and  ionic  gelation  of  chitosan  with  sodium  tripolyphosphate  (TPP).
The success  of  OEO  encapsulation  was  confirmed  by  Fourier  transform  infrared  (FT-IR)  spectroscopy,
UV–vis  spectrophotometry,  thermogravimetric  analysis  (TGA)  and  X-ray  diffraction  (XRD)  techniques.
The  obtained  nanoparticles  exhibited  a regular  distribution  and  spherical  shape  with  size  range  of
eywords:
hitosan
ncapsulation
n vitro release
anoparticles
regano essential oil

40–80  nm  as  observed  by  scanning  electron  microscopy  (SEM)  and  atomic  force  microscopy  (AFM).  As
determined  by  TGA  technique,  the  encapsulation  efficiency  (EE)  and loading  capacity  (LC)  of OEO-loaded
chitosan  nanoparticles  were  about  21–47%  and  3–8%,  respectively,  when  the  initial  OEO  content  was
0.1–0.8  g/g  chitosan.  In  vitro  release  studies  showed  an  initial  burst  effect  and  followed  by a  slow  drug
release.

© 2013 Elsevier Ltd. All rights reserved.
. Introduction

Essential oils (EOs) are aromatic and volatile oily liquids
btained from plants. They are normally formed in special cells
r groups of cells, found in leaves and stems, and commonly con-
entrated in one particular region such as leaves, bark or fruit
Oussalah, Caillet, Saucier, & Lacroix, 2006). EOs extracted from
lants or spices are rich sources of biologically active compounds
uch as terpenoids and phenolic acids. The antibacterial and anti-
ungal activities of EOs have long been recognized (Burt, 2004;
ychas, 1995), but the food industry has recently been paying
ore attention to their application as natural antimicrobials (Plooy,

egnier, & Combrinck, 2009). Within a great variety of EOs, oregano
ssential oil (OEO) extracted from Origanum vulgare L. is well
nown for its antioxidative and antimicrobial activity (Botsoglou,
rigoropoulou, Botsoglou, Govaris, & Papageorgiou, 2003). These
ctivities are mainly due to the two phenols, carvacrol and thymol
major components of oregano essential oil) and the monoterpene

ydrocarbons p-cymene and �-terpinene (Baydar, Sagdic, Ozkan,

 Karadogan, 2004) which present at lower concentration (Juliano,
attana, & Usai, 2000).

∗ Corresponding author. Tel.: +98 2148662422; fax: +98 2144580023.
E-mail address: m.zandi@ippi.ac.ir (M.  Zandi).

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.02.031
However, like other EOs, OEO are volatile compound which eas-
ily evaporates and/or decomposes during food processing, drug
formulation, and preparation of antimicrobial film, etc., owing to
direct exposure to heat, pressure, light or oxygen. In order to
overcome the susceptibility and improve the stability of bioactive
compounds during processing and storage, the emerging tech-
nology of nano-encapsulation has been recently applied in food
and nutraceutical industries. Nanoencapsulation of bioactive com-
pounds represents a viable and efficient approach to increase the
physical stability of the active substances, protect them from the
interactions with the food ingredients and enhance their bioac-
tivity, because of the subcellular size (Donsì, Annunziata, Sessa,
& Ferrari, 2011). In other words, encapsulation can reduce the
loss of activity of the active compounds. In the case of antimicro-
bials, the nano-level encapsulation can increase the concentration
of the bioactive compounds in food areas where microorgan-
isms are preferably located, for example water-rich phases or
liquid–solid interfaces (Weiss, Gaysinksy, Davidson, & McClements,
2009).

In the recent years, there has been considerable interest in
developing biodegradable nanoparticles as effective lipophilic

bioactive food components delivery systems. Chitosan is receiving
a lot of interest in the encapsulation of bioactive compounds due to
its biocompatibility, low toxicity and biodegradability (Donsì et al.,
2011; Harris, Lecumberri, Mateos-Aparicio, Mengíbar, & Heras,

dx.doi.org/10.1016/j.carbpol.2013.02.031
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.carbpol.2013.02.031&domain=pdf
mailto:m.zandi@ippi.ac.ir
dx.doi.org/10.1016/j.carbpol.2013.02.031
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011; Hu et al., 2008; Luo, Zhang, Whent, Yu, & Wang, 2011;
uzzarelli, 2010). Among variety of methods developed to prepare

hitosan nanoparticles, ionic gelation technique has attracted
onsiderable attention due to this process is non-toxic, organic sol-
ent free, convenient and controllable (Agnihotri, Mallikarjuna, &
minabhavi, 2004). Ionic gelation technique is based on the elec-

rostatic interaction between the positively charged primary amino
roups of chitosan and the negatively charged groups of polyanion,
uch as sodium tripolyphosphate (TPP) (Calvo, Remũnán-López,

 Vila-Jato Alonso, 1997; Dyer et al., 2002; Yang et al., 2011).
he chitosan–TPP nanoparticles, composed of food-safe ingredi-
nts, has shown its capacity for the encapsulation and delivery
f proteins (Avadi et al., 2009; Xu & Du, 2003), genes (Csaba,
öping-Höggård, & Alonso, 2009; Gan, Wang, & McCarron, 2005),
ydrophilic and hydrophobic drugs (Ajun, Yan, Li, & Huili, 2009;
rapani et al., 2011; Wang et al., 2006), vitamins (Luo et al., 2011;
oksan, Jirawutthiwongchai, & Arpo, 2010), and polyphenolic com-
ounds (Bao, Xu, & Wang, 2009; Dudhani & Kosaraju, 2010;
eawchaoon & Yoksan, 2011). Keawchaoon and Yoksan (2011)
evealed that the encapsulation of essential oil-derived bioactive
ompounds such as carvacrol into chitosan–tripolyphosphate par-
icles could extend its shelf life and retain its functional properties.
enerally, EOs possessing the strongest antibacterial properties
re those that contain phenolic compounds such as carvacrol,
ugenol, and thymol (Hirasa & Takemasa, 1998; Rota, Carraminana,
urillo, & Herrera, 2004). To our knowledge, the loading of OEO

nto chitosan particles at a nanolevel size has not been eluci-
ated.

The present research thus focused on the fabrication and char-
cterization of chitosan–TPP nanoparticles loaded with OEO by

 two-step process: oil-in-water (o/w) emulsification, and ionic
elation. We  also clarified the successful encapsulation by UV–vis
pectrophotometry, FT-IR spectroscopy, TGA and XRD techniques,
nd determined the shape, morphology and mean particle size by
EM, AFM, and laser light scattering (LLS). The effects of initial OEO
ontent on loading capacity (LC), encapsulation efficiency (EE), and
ean particles size were also investigated. In addition, the release

rofiles of OEO from chitosan nanoparticles were investigated.

. Materials and methods

.1. Materials

Medium molecular weight chitosan (75–85% degree of deacety-
ation, CAS # 9012-76-4), TPP (CAS # 7758-29-4) and Tween 80 (CAS

 9005-65-6) were purchased from Sigma–Aldrich (St. Louis, MO,
SA). Acetic acid (CAS # 64-19-7) was supplied by Merck Chemi-
als Co. (Darmstadt, Germany). OEO (100% pure, CAS # 8007-11-2)
as obtained from New Directions Aromatics Inc. (Hampshire,
K). All chemicals were used as received without further
urification.

.2. Preparation of OEO-loaded chitosan particles

OEO-loaded chitosan nanoparticles were prepared according
o a method modified from the ones described by Calvo et al.
1997) and Yoksan et al. (2010).  Briefly, aqueous and oil phase solu-
ions were produced. Chitosan solution (1% (w/v)) was prepared
y agitating chitosan in an aqueous acetic acid solution (1% (v/v))
t ambient temperature (23–25 ◦C) overnight. The mixture was
hen centrifuged using a laboratory centrifuges (SIGMA 2-16KC,

ermany) for 30 min  at 9000 rpm; the supernatant was removed

hen and filtered through 1 �m pore size filters. Tween 80 (HLB
5.9, 0.45 g) was then added as a surfactant to the solution (40 mL)
nd stirred at 45 ◦C for 2 h to obtain a homogeneous mixture.
e Polymers 95 (2013) 50– 56 51

OEO (0.04, 0.08, 0.16 and 0.32 g) was  dissolved separately in
CH2Cl2 (4 mL)  and then this oil phase is gradually dropped into the
aqueous chitosan solution (40 mL)  during homogenization (Ultra-
Turrax T25 basic, IKA, Germany) at a speed of 13,000 rpm for 10 min
under an ice-bath condition to obtain an oil-in-water emulsion. TPP
solution (0.4% (w/v), 40 mL)  was  then added drop wise into the agi-
tated emulsion. Agitation was  continuously performed for 40 min.
The formed particles were collected by centrifugation at 9000 × g
for 30 min  at 4 ◦C, and subsequently washed several times with
deionized water. Finally, ultrasonication was performed by a son-
icatior (Bandelin sonopuls HD3200, KE 76 probe, Germany) in an
ice bath for 4 min  with a sequence of 0.7 s of sonication and 0.3 s of
rest, resulting in a homogeneous suspension. The suspensions were
immediately freeze-dried at −35 ◦C for 72 h using Freeze Dryer
(GAMMA  1-16 LSC, UK). Both chitosan nanoparticles and super-
natant were stored at 4 ◦C until further analysis. Weight ratios of
chitosan to oregano essential oils (Chitosan: OEO) of 1:0.1, 1:0.2,
1:0.4 and 1:0.8 were used for the present study.

2.3. Particle size and morphology of nanoparticles

Measurement of mean particle size of freshly prepared nanopar-
ticles was  determined by laser light scattering (SEMATECH,
SEM-633, France) with 633 nm wavelength. Triplicate samples
were analyzed and mean value was  reported.

The morphology of the freeze-dried nanoparticles was stud-
ied by scanning electron microscopy (SEM) (VEGA II, TESCAN,
Czech Republic). The frozen dried nanoparticles (1 mg)  were dis-
persed in deionized water (20 mL)  and sonicated for 4 min. One
drop of the dispersion containing chitosan nanoparticles (loaded
or unloaded with OEO) was placed on a glass plate and dried at
room temperature. The dried nanoparticles were then coated with
gold metal under high vacuum and then examined. Representative
SEM images were reported.

Atomic force microscope (DualScopeTM DS95-50, DME,
Denmark) was used for morphological characterization and
particle size and size distribution of both chitosan nanoparti-
cles and OEO-loaded chitosan nanoparticles. A drop of diluted
nanoparticle suspension (0.05 mg/mL) was  deposited on the
freshly cleaved clean glass surface, spread and dried at room
temperature. The image measurement was performed in tapping
mode using silicon probe cantilever of 230 �m length, resonance
frequency of 150–190 kHz, spring constant of 20–60 N/m and
nominal, 5–10 nm tip radius of curvature. The scan rate was used
as 1 Hz. A minimum of 10 images from each sample were analyzed
to assure reproducible results.

2.4. Instrumental analyses

FTIR analyses for pure chitosan, pure OEO and chitosan nanopar-
ticles (loaded or unloaded with OEO) were recorded from wave
number 400–4000 cm−1 by a Bruker Equinox 55 spectrometer
(Equinox 55 Bruker Banner Lane, Coventry, Germany). Samples
were prepared by grinding the dried nanoparticles with KBr and
pressing them to form disks. For each spectrum, 16 scans at a res-
olution of 4 cm−1 were obtained.

TGA analysis was  performed with a Perkin-Elmer PYRIS I
Thermogravimetric Analyzer (USA). Each freeze-dried sample
(10–15 mg)  was placed in the TGA furnace and the measurements
were carried out under nitrogen atmosphere with a heating rate of

10 ◦C/min from 25 to 600 ◦C.

XRD patterns were recorded over a 2� range of 5–50◦ using a
X-ray diffractometer (Siemens, model D5000) with a step angle of
0.04◦/min.
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Fig. 1. SEM images of (a) chitosan nanoparticles and (b) OEO-loaded chitosa

.5. Determination of encapsulation efficiency and loading
apacity

The content of OEO-loaded in chitosan nanoparticles was  deter-
ined by UV–vis spectrophotometry and TGA/DTG (derivative

hermal gravimetric) techniques. For UV–vis spectrophotometry,
EO-loaded nanoparticles (10 mg)  were taken into aqueous
ydrochloric acid solution (2 M,  4 mL)  and boiled at 95 ◦C for 30 min.
fter cooling down, ethanol (2 mL)  was subsequently added to the
ixture. The mixture was  centrifuged at 9000 rpm for 5 min  at

5 ◦C (Keawchaoon & Yoksan, 2011). The supernatant was collected
nd the content of OEO measured using UV-vis spectrophotome-
er (Model 1650-PC, Shimadzu, Kyoto, Japan) at a wavelength of
75 nm (Parris, Cooke, & Hicks, 2005). The amount of OEO was
alculated by appropriate calibration curve of free OEO in ethanol
R2 = 0.999). A blank sample was made from chitosan nanoparti-
les without loaded OEO but treated similarly as the OEO-loaded
hitosan nanoparticles. Each batch samples were measured in trip-
icate. The encapsulation efficiency (EE) and loading capacity (LC)
f OEO were calculated from Eqs. (1) and (2) respectively:

E (%) = Total amount of loaded OEO
Initial amount of OEO

× 100 (1)

C (%) = Total amount of loaded OEO
Weight of nanoparticles after freeze drying

× 100 (2)

.6. In vitro release studies

Freeze-dried OEO-loaded chitosan nanoparticles (20 mg) were
laced in a microtube containing 5 mL  of 60% phosphate buffer
aline (pH 7.4) + 40% ethanol and incubated at ambient temper-
ture under gentle agitation. At specific time intervals, samples
ere centrifuged at 9000 rpm for 5 min  at 25 ◦C; then a specific vol-
me of supernatant was sucked out for analysis, and was replaced
ith an equivalent volume of fresh media. To calculate the total

umulative amount of OEO released loaded chitosan nanoparticles,
EO concentration (ppm) in the release medium was measured at
ampling time intervals by a UV–vis spectrophotometer at 275 nm
nd converted to the released amount (�g) considering the vol-
me  of the release medium (mL). Cumulative percentage of OEO
eleased was obtained by dividing the cumulative amount of OEO
oparticles prepared using an initial weight ratio of chitosan to OEO of 1:0.4.

released at each sampling time point (Mt) to the initial weight of
the OEO-loaded in the sample (M0), i.e.:

Cumulative release percentage =
t∑

t=0

Mt

M0
× 100 (3)

3. Results and discussion

3.1. Shape and size of OEO-loaded chitosan nanoparticles

The morphology of the particles was observed by SEM. The
SEM images of the chitosan nanoparticles and OEO-loaded chi-
tosan nanoparticles demonstrate regular distribution and spherical
shape that appear to be well separated and stable over the steps
of the preparation process (Fig. 1(a) and (b)). AFM imaging is an
effective method to provide the surface morphology and more
accurate size and size distribution. AFM images also confirmed
the spherical shape and nanosize structure of chitosan nanopar-
ticles and OEO-loaded chitosan nanoparticles (Fig. 2(a) and (b)).
The size distribution obtained by AFM indicated that most of chi-
tosan nanoparticles and OEO-loaded chitosan nanoparticles were
distributed between the ranges of 40 and 80 nm. However, the
size of the chitosan nanoparticles is smaller compared to the OEO-
loaded nanoparticles. The increase of nanoparticle size is due to
loading of OEO on chitosan nanoparticles. Laser light scattering
(LLS) technique was  also applied to investigate the average size of
the particles. Table 1 shows that chitosan nanoparticles possessed
an average diameter of 281.5 nm.  OEO-loaded chitosan particles
showed an average diameter in the range of 309.8–402.2 nm.  Our
results indicated that the mean particle size increased as a function
of initial OEO content (Table 1), which is concurrent to the findings
of Keawchaoon and Yoksan (2011).  As compared with AFM results,
the larger diameter of chitosan nanoparticles (loaded or unloaded
with OEO) might be a result of the swelling of the chitosan layer sur-
rounding the individual particles, and/or the aggregation of single
particles while dispersed in water (Yoksan et al., 2010).
3.2. FTIR characterization

Fig. 3 shows FTIR spectra of chitosan powder, chitosan nanopar-
ticles, OEO and OEO-loaded chitosan nanoparticles. In general,
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ig. 2. AFM images (3D) and size distribution obtained from the height of (a) chit
eight  ratio of chitosan to OEO of 1:0.4.

hitosan powder show characteristic peaks at 3433 ( OH and
NH2 stretching), 2920 ( CH stretching), 1647 (amide I), 1088

C O C stretching) and 591 cm−1 (pyranoside ring stretching
ibration) (Fig. 3(a)). For chitosan nanoparticles (Fig. 3(b)), the
eak of amide I ( NH2 bending) shifted from 1647 to 1651 cm−1,
nd new peaks appeared at 1238 (C O C stretch) and 1555 cm−1
amide II), implying the complex formation via electrostatic inter-
ction between NH3+ groups of chitosan and phosphoric groups
f TPP within the nanoparticles (Yoksan et al., 2010; Jingou et al.,
011). Pure OEO spectra shows sharp characteristic peaks at 2959

able 1
ncapsulation efficiency (EE%) and loading capacity (LC%) of OEO in OEO-loaded chitosan
ean  particle size of chitosan nanoparticles and OEO-loaded chitosan nanoparticles.

Chitosan:OEO mass ratio (w/w) UV–vis spectrophotometry 

EE (%) LC (%) 

1:0 0 0 

1:0.1  24.72 ± 4.39 1.32 ± 0.19
1:0.2  14.68 ± 1.1 1.75 ± 0.13
1:0.4  8.53 ± 0.94 2.03 ± 0.22
1:0.8  5.45 ± 0.45 2.12 ± 0.17

esults were reported as mean ± SD, n = 3.
anoparticles and (b) OEO-loaded chitosan nanoparticles prepared using an initial

( CH stretching), 1589 (N H bending), 1458 (CH2 bending), 1253
(C O C stretching), 1117 (C O C stretching) and 937 cm−1 (C H
bending) (Fig. 3(c)). All the above characteristic peaks appear in the
spectra of OEO-loaded chitosan nanoparticles at the same wave
number indicating no modification or interaction between the OEO
and chitosan nanoparticles (Fig. 3(d)). Moreover, in comparison

with the FTIR spectrum of chitosan nanoparticles, the addition
of OEO resulted in a markedly increased in intensity of the CH
stretching peak at 2867–2955 cm−1, indicating an increase in the
content of ester groups, which might come from OEO molecules

 nanoparticles determined by UV–vis spectrophotometry and TGA technique, and

TGA Mean particle size (nm)

EE (%) LC (%)

0 0 281.5 ± 24.1
 47.69 3.08 309.8 ± 8.3
 39.94 4.77 331.4 ± 10.1
 26.85 6.40 366.6 ± 21.5
 21.09 8.21 402.2 ± 10.7
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ig. 3. FTIR spectra of (a) chitosan powder, (b) chitosan nanoparticles, (c) OEO and
d)  OEO-loaded chitosan nanoparticles with chitosan to OEO weight ratio of 1:0.4.

Fig. 3(d)). The results indicate that OEO might be encapsulated
nto the chitosan nanoparticles.

.3. Thermal properties

TGA is a useful technique to study the weight change of a sample
s a function of temperature, and to assess the thermal stability of

 sample. As shown in the TGA thermograms, OEO possessed only
ne step of weight loss (Fig. 4A(a)), while chitosan nanoparticles
nd OEO-loaded chitosan nanoparticles showed two (Fig. 4A(b))
nd three steps of weight loss (Fig. 4A(c–f)), respectively. The first
tep of weight loss from 50 to 110 ◦C was attributed to the loss
f adsorbed and bound water. The second step from 190 to 330 ◦C
as assigned to dehydration of the saccharide rings, depolymeriza-

ion and decomposition of the acetylated and deacetylated units of
he polymer (Peniche, Zaldivar, Bulay, & Roman, 1993). The tem-
eratures corresponding to the maximum slopes of each weight
hange step are clearly observed when the first derivative of the
GA curve with respect to temperature, the so-called derivative
hermogravimetry (DTG) thermogram, is plotted (Fig. 4B). The tem-
eratures which give the highest rate of weight loss at each step (i.e.,
eaks in the DTG thermogram) are usually considered as degrada-
ion temperatures (Td) of components in the material (Yoksan et al.,
010). OEO showed one-step mass loss starting at 171 ◦C (peak at
95 ◦C) (Fig. 4B(a)). From DTG thermograms, chitosan nanoparti-
les exhibited two-step degradation, at 246.3 and 330 ◦C-which
ight be the Td of free chitosan and chitosan cross-linked with TPP,

espectively (Fig. 4B(b)). By loading of OEO, the particles showed
ew Td ranging from 338 to 358 ◦C (Fig. 4B(c–f)), which could be
scribed to the Td of encapsulated OEO. The percent weight loss
t this temperature range was thus used to compute the amount
f loaded OEO (Section 3.5). This finding is in agreement with
esults reported by Keawchaoon and Yoksan (2011).  These authors
epresented that the encapsulated carvacrol in chitosan particles
ecomposed at higher temperature (340.6 ◦C) than free carvacrol
186.4 ◦C), reflecting the improved thermal stability of carvacrol by
ncapsulation.
.4. Crystallographic assay

Crystallographic structure of chitosan powder, chitosan
anoparticles and the OEO-loaded chitosan nanoparticles were
Fig. 4. (A) TGA and (B) DTG thermograms of (a) OEO, (b) chitosan nanoparticles and
(c)–(f) OEO-loaded chitosan nanoparticles prepared using different initial weight
ratios of chitosan to OEO: (c) 1:0.1, (d) 1:0.2, (e) 1:0.4, and (f) 1:0.8.

determined by XRD and are presented in Fig. 5. chitosan exhibits
one characteristic peak at 2� of 25◦ (Fig. 5(a)), indicating the
high degree of crystallinity (Ali, Rajendran, & Joshi, 2011; Jingou
et al., 2011). After ionic cross-linking with TPP, no peak is found
in the diffractograms of chitosan nanoparticles, reflecting the
destruction of the native chitosan packing structure (Yoksan
et al., 2010) (Fig. 5(b)). It is well-known that the width of X-ray
diffraction peak is related to the size of crystallite, the broadened
peak usually results from imperfect crystal (Jingou et al., 2011).
So the broad peak of chitosan nanoparticles may  be caused by
the cross-linking reaction between chitosan and TPP, which may
destroy the crystalline structure of chitosan (Rokhade et al., 2006).
Chitosan nanoparticles are comprised of a dense network structure

of interpenetrating polymer chains crosslinked to each other by
TPP counterions (Tang, Huang & Lim, 2003). The XRD implicated
greater disarray in chain alignment in the nanoparticles after
crosslinks (Qi, Xu, Jiang, Hu, & Zou, 2004). As compared with
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Fig. 5. XRD patterns of (a) chitosan powder, (b) chitosan nanoparticles and (c) OEO-
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OEO-loaded chitosan nanoparticles were successfully prepared
oaded chitosan nanoparticles.

hitosan nanoparticles, in diffraction spectrum of OEO-loaded chi-
osan nanoparticles the characteristic peak at 2� of 24◦ confirming
he presence of OEO within chitosan nanoparticles (Fig. 5(c)). This
mplied that the incorporation of OEO resulted in a change in the
hitosan–TPP packing structure.

.5. Encapsulation efficiency and loading capacity

The percentage of EE and LC of different formulations were
emonstrated in Table 1. The amount of loaded OEO was deter-
ined using UV–vis spectrophotometry from the absorbance at

75 nm.  TGA technique was also applied for quantitative analysis
rom the mass loss at the temperature of 338–358 ◦C (Fig. 4A(c–f)).
he loading capacity (LC) and encapsulation efficiency (EE) were
hen calculated using Eqs. (1) and (2),  respectively, and tabulated
n Table 1. From UV–vis spectrophotometry results, EE% of OEO
anged from 5.45% to 24.72% (Table 1). With increasing initial OEO
ontent, EE tended to decrease. However, maximum EE value was
btained for the sample prepared using the weight ratio of chitosan
o OEO of 1:0.1 (24.72%). The decrease of EE for the samples pre-
ared using higher initial weight ratio of chitosan to OEO might
e explained due to the saturation of OEO loading into chitosan
anoparticles. This finding was in agreement with previous reports
Ajun et al., 2009; Yoksan et al., 2010). The LC% of OEO was  in
he range of 1.32–2.12%, as determined from UV–vis spectrophoto-

etry experiments, when the initial OEO content ranged from 0.1
o 0.8 g/g chitosan (Table 1). The LC% increased as a function of ini-
ial OEO content. This result was in agreement with the findings
egarding the loading of carvacrol into chitosan–TPP nanopar-
icles, which have been reported by Keawchaoon and Yoksan
2011).

Information obtained from TGA thermograms was also used to
etermine the content of OEO-loaded in chitosan nanoparticles.
ased on this result, the EE% and LC% of OEO were in a range of
1.09–47.69% and 3.08–8.21%, respectively (Table 1). This observa-
ion supported the results from UV–vis spectrophotometry, which
C increased with increasing OEO content, whereas EE decreased.
he augmentation of LC and reduction of EE as a function of ini-

ial drug content corresponded to previous literature related to
he loading of ascorbyl palmitate into chitosan–TPP nanoparticles
Yoksan et al., 2010).
Fig. 6. In vitro release profiles of OEO from chitosan nanoparticles prepared using
different weight ratio of chitosan to OEO: (�) 1:0.1, (�) 1: 0.2, (�) 1:0.4 and (×) 1:0.8.
Values were expressed as mean ± standard deviation (n = 3).

3.6. In vitro release study

The in vitro release profiles of OEO from the nanoparticles,
prepared using a different weight ratio of chitosan to OEO  were
shown in Fig. 6. The amount of OEO released at different times was
measured at 275 nm.  Drug or oil release from nanoparticles and
microparticles takes place by several mechanisms including surface
erosion, disintegration, diffusion and desorption (Hariharan et al.,
2006). The in vitro release profile of OEO from chitosan nanoparti-
cles can be described as a two-step biphasic process, i.e.,  an initial
burst release followed by subsequent slower release. The initial
burst release was  attributed to the OEO molecules adsorbed on
the surface of the particles and oil entrapped near the surface, as
the dissolution rate of the polymer near the surface is high, the
amount of drug released will be also high (Anitha et al., 2011).
Fig. 6 shows the release profile as a function of OEO concentration,
which was  found to be concentration dependent. At low concentra-
tion of OEO (0.1 g/g chitosan), burst effect occurred within 3 h and
about 82% encapsulated OEO was  released from the nanoparticles.
This could be mainly attributed to the particle size of this formula-
tion. chitosan nanoparticles with smaller particle size would have
greater surface-to-volume ratio, thus may  result in fast release of
OEO adsorbed on the surface. Similar results with an initial release
of 85% encapsulated �-tocopherol were reported with chitosan
nanoparticles coated with zein and later followed slow release at
a constant but different rate (Luo et al., 2011). As OEO concentra-
tion increased, the burst effect was  dramatically alleviated and the
accumulative release after 3 h was reduced from 82% to 12%, as
OEO concentration reached 0.8 g/g chitosan. In the second stage,
the release rate was  relatively slow, or we could say that the release
of OEO reached plateau at this stage (Figs. 6). This might be due to
the diffusion of the OEO dispersed into the polymer matrix as the
dominant mechanism. This stage has slower rate and thus result-
ing in nearly no additional release of OEO at this stage. Further
release of OEO required the swelling and degradation of the com-
pact chitosan–TPP nanoparticles. Hence, the results indicate that
the chitosan–TPP nanosystem is suitable for controlling the release
of OEO.

4. Conclusions
by two-step method, i.e.,  the formation of an oil-in-water emul-
sion and the ionic gelation of emulsion droplets, as confirmed by
instrumental analytical techniques (FTIR, TGA/DTG and XRD). The
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