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Preparation and Characterization of Essential
Oils Chitosan Nanoparticles: Physical,
Structural, and Antioxidant Activity
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Abstract
One of the recent trends in food industry is the application of natural
antioxidant agents. In this study, cinnamon, clove buds, laurel, basil
and lemongrass essential oils have been extracted and encapsulated in
chitosan nanoparticles using a two-step technique of emulsion-ionic
gelation of chitosan with sodium tripolyphosphate (TPP). The
obtained nanoparticles exhibited a regular distribution and spherical

shape as observed by scanning electron microscopy (SEM). As

determined the encapsulation efficiency (EE) and loading capacity
(LC) of tested essential oils loaded chitosan nanoparticles were about
(1.78, 35.63, 14.33, 0.97, 2.27)% and (0.94, 19.01, 5.06, 0.66, 1.51)%
respectively, with a chitosan/essential oil ratio of 1:1 (w/w). In vitro
release studies showed an initial burst effect followed by a slow
essential oil release. The active ingredients of tested essential oils
were prevented from being volatilized, significantly improving the
chemical stability, so the scavenging activity of encapsulated EOs on
DPPH radicals was in the range of 0.58%, 1.36%, 0.16%, 0.29% and
0.14% respectively. This technique could improve the efficiency of
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essential oils in food products and a delivery system for novel
applications such as active packaging.

Key words: Antioxidant activity, Characterization, Chitosan,
Essential oils, Nano-encapsulation.
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Introduction:

Owing to the potential hazards of artificial food additives to human
health, natural, functional, and bioactive ingredients have drawn
considerable attention because of their proven health benefits (Ranjan
et al., 2017, 136). Essential oils (EOs) obtained from medicinal and
herbal plants are recognized for their antioxidant properties. EOs from
different herbs have been utilized as food flavors and medicines, and
in the preparation of fragrances, which are volatile and fat soluble
(Mathias et al., 2015, 85). The compositions of plant EOs are complex
and contain high amounts of phenols, acetones, terpenes, alcohols, and
aldehydes, which exhibit good antibacterial, antioxidant, and
insecticidal  properties  (Sekhon, 2010, 8). Although the
pharmacological effects of EOs have long been known, their
application in the food industry is still limited (Gomes et al., 2017,
403). Encapsulation is an effective strategy to improve the sensitivity
to degradation and promote the stability of the biologically active
compounds in EO during the processing and storage stages (Alam et
al., 2016, 50).

Nano-encapsulation is an emerging technology among the various
techniques employed for encapsulation; it is widely employed in the
food and nutrition industries. The nano-encapsulation of biologically
active compounds has been demonstrated as a reliable and effective
approach toward increasing the physical and chemical stabilities of
active substances, thereby protecting them from volatilization and
harmful environmental conditions, and extending the shelf life of food
(Majeed et al., 2015, 58455). Additionally, it can improve water
solubility, control delivery, facilitate absorption, and reduce toxicity
and cost (Lammari et al., 2020, 11). Chitosan (CS) is a natural
cationic polysaccharide with good biocompatibility, low toxicity, and
excellent biodegradability, and is considered an ideal option for food
packaging (Silvestre et al., 2011, 1775). It has been reported that CS,
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as a nanoparticle (NP) carrier, can encapsulate EOs and improve their
stability. Moreover, oxidation, as one of the important reactions that
result in the corruption of food during processing and storage
(Makwana et al., 2015, 172), shortens the shelf life of products by
causing changes in flavor, texture, and color. Oxidation is not
conducive to human health, and many reactive oxygen intermediates
can induce a variety of diseases. However, most of the aforementioned
studies focused on the antibacterial properties of NPs and their food
preservation applications. Research on the structure, physical
properties, and oxidation resistance of NPs is still rare. Finally, to the
best of our knowledge, the literature on the antioxidant activities of
EO encapsulated in CS nanoparticles is especially sparse.

This study aimed to characterize cinnamon, clove buds, laurel, basil
and lemongrass CS- NPs prepared through oil in water emulsification
and ion gelation techniques with a chitosan/essential oil ratio of
1:1(w/w), which are nontoxic, convenient, and controllable (Ribeiro-
Santos et al., 2017). The characteristics of the nanocapsules were
tested through scanning electron microscopy (SEM), encapsulation
efficiency (EE), loading capacity (LC) and In vitro release studies.
Furthermore, the oxidation resistance of the CS-NPs was evaluated.
This study aims to provide considerable advances in the fields of food
and agriculture.

Materials and methods:

Materials:

Low molecular weight chitosan >75% degree of deacetylation was
supplied by Sigma-Aldrich (St. Louis, Mo, USA). Sodium
tripolyphosphate  (TPP), Tween 80, and 2, 2-diphenyl-1-
picrylhydrazyl radical (DPPH) were purchased from Sigma Aldrich
Co. (USA). Folin-Ciocalteu reagents and Gallic acid were supplied by
Merck Chemicals Co. (Germany). All other chemicals utilized in this
project were of analytical grade.
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Preparation of EO-loaded chitosan particles

EO-loaded chitosan nanoparticles were prepared according to a
method modified from the ones described by (Amiri and Morakabati,
2017, 334) (Budama-Kilinc et al., 2018, 185). Briefly, aqueous and oil
phase solutions were produced. Chitosan solution 1% (w/v) was
prepared by agitating chitosan in an aqueous acetic acid solution 1%
(v/v) at ambient temperature 25 °C overnight. Tween 80 was then
added as a surfactant to the solution and stirred at 45 °C for 2 h to
obtain a homogeneous mixture. Then oil phase is gradually dropped
into the aqueous chitosan solution during homogenization to obtain an
oil-in-water emulsion. TPP solution 0.4% (w/v) was then added drop
wise into the agitated emulsion. Agitation was continuously
performed for 40 min. The formed particles were collected by
centrifugation at 9000 xg for 30 min at 4 °C, and subsequently washed
several times with deionized water (Jamil et al., 2016, 5). Finally,
ultra-sonication was performed by a sonicator in an ice bath for 4 min
resulting in a homogeneous suspension. The suspensions were
immediately freeze-dried. Both chitosan nanoparticles and supernatant
were stored at 4 C until further analysis (Soto-Chilaca et al., 2019,
4062). Weight ratio of chitosan to essential oils (Chitosan: EO) of 1:1
was used for the present study (Mohammadi et al., 2015, 208).
Morphology of nanoparticles:

The morphology of the freeze-dried nanoparticles was studied by
scanning electron microscopy (SEM). The frozen dried nanoparticles
(1 mg) were dispersed in deionized water (20 mL) and sonicated for 4
min. One drop of the dispersion containing chitosan nanoparticles
loaded with (cinnamon and clove buds EO) was placed on a glass
plate and dried at room temperature and then examined.
Representative SEM images were reported (Hadidi et al., 2020, 4).
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Determination of Encapsulation Efficiency and Loading Capacity:
Encapsulated EOs were determined by UV-Vis spectrophotometry.
Predetermined amounts of CS/ EO NPs were dispersed into 10 mL
dehydrated ethanol and centrifuged at 12000 rpm for 20 min at 25 °C
as reported by (Hosseinia et al., 2013, 53). The supernatant was
analyzed for the EO content using UV-Vis spectrophotometry at a
wavelength of 275 nm, respectively. The amount of EO was estimated
by suitable calibration curve of pure EO in ethanol with R? of 0.99 for
tested EOs. CS NPs was treated similarly and was used as a blank.
Triplicate samples for each batch were recorded. Encapsulation
Efficiency (EE)% and Loading Capacity (LC)% were estimated from
Equations respectively. (EE)% = Total amount of loaded EO / Initial
amount of EO * 100 (1) (LC)% = Total amount of loaded
EO/Weight of NPs after freeze drying * 100 (2)
In vitro release studies:
Freeze-dried EO-loaded chitosan nanoparticles 20 mg were placed in a
micro tube containing 5 mL of 60% phosphate buffer saline pH 7.4 +
40% ethanol and incubated at ambient temperature under gentle
agitation. At specific time intervals, samples were centrifuged at 9000
rpm for 5 min at 25 -C; then a specific volume of supernatant was
sucked out for analysis, and was replaced with an equivalent volume
of fresh media (Keawchaoon and Yoksan, 2011, 168). To calculate the
total cumulative amount of EO released loaded chitosan nanoparticles,
EO concentration (ppm) in the release medium was measured at
sampling time intervals by a UV-vis spectrophotometer at 275 nm and
converted to the released amount (ug) considering the volume of the
release medium (mL). Cumulative percentage of OEO released was
obtained by dividing the cumulative amount of EO released at each
sampling time point (Mt) to the initial weight of the EO loaded in the
sample (MO)

t Mt

Cumulative release percentage = z ot 100 (3)
t=0
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Stability of total phenolic contents of EOs in CS NPs

Folin—Ciocalteu method was used to estimate the total phenolic
contents (TPC) of pure EO as well as in encapsulated one as reported
by (Shetta et al., 2019, 736) with slight modifications. A pre-
determined amount of pure EOs, CS NPs, encapsulated EOs were
mixed with dehydrated ethanol to get a final concentration 30
mg-mL . 0.5 mL of each sample was shaken with 2.5 mL of (10%
v/v) aqueous Folin—Ciocalteu reagent for 4 min. Then, 2 mL aqueous
solution of (7.5% wi/v) sodium carbonate was dropped to the mixture
and left in the dark for 6 h at room temperature. Finally, samples were
centrifuged at 10.000 rpm for 3min and the supernatant was removed
for measuring the absorbance at 765 nm using a spectrophotometer.

To estimate the (TPC), different concentrations of Gallic acid (0.01-

0.1 mg-mL™) in ethanol were treated like the samples estimating
gallic acid standard calibration curve with R? of 0.99. The gallic acid
equivalent (GAE) which expresses the amount of gallic acid in mg
that is equivalent to 1 g of EO was estimated by the calibration curve.
Determination of the antioxidant activity:

The antioxidant activity of encapsulated EOs were examined using
DPPH free radical scavenging assay as illustrated by (Ghahfarokhi et
al., 2016, 1785) with slight modification. First, predetermined
amounts of pure EOs, CS NPs and encapsulated EOs were dispersed
in 2 mL of ethanol DPPH solution (0.05mM) and stored in the dark
for 2 h at room temperature. The samples containing NPs were
centrifuged for 3 min to take the supernatant for analysis.
Spectrophotometer at 517 nm was used to measure the absorbance of
samples considering dehydrated ethanol as a blank. Gallic acid was
used as a reference standard and DPPH solution was used as the
control. The DPPH radical-scavenging (%) was calculated using
Equation (4).

443



DPPH scavenging activity% = A control—A sample / A control *100 (4)
Where A control is the DPPH absorbance and A sample is the sample
absorbance.

Statistical analysis:

Results are reported as the mean £ SD for triplicate measurements.
Statistical analysis of the data was carried out via one-way ANOVA
followed by Tukey's test to compare the treatment means using
MINITAB software (version 14). Statistical significance was
expressed at P < 0.05.

Results and discussion:
Shape of EOs loaded chitosan nanoparticles:

Sowel | S S | iy e e ol
Figure 1. SEM images of (A) Cinn::mon oil-loaded NPs (B) Clove oil-loaded
NPs.

Toobtain information about the morphology of the cinnamon EO and
clove buds EO loaded nanocapsules, scanning electron microscopy
(SEM) analysis was performed. SEM analysis was carried out to
visualize the shape of the nanocapsules. It can be inferred from (Fig.
1) A and B that the essential oil-loaded nanocapsules have spherical

surface morphology (Su et al., 2020, 8).
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Encapsulation efficiency and loading capacity

The percentage of EE and LC of different formulations were
demonstrated in (Table. 1). The amount of loaded EO was determined
using UV-vis spectrophotometry from the absorbance at 275 nm. The
loading capacity (LC) and encapsulation efficiency (EE) were then
calculated using Equations. (1) and (2), respectively, and tabulated in
(Table. 1). From UV-vis spectrophotometry results, EE% of EOs
ranged from 0.97% to 35.63%. However, maximum EE value was
obtained for the sample prepared using clove buds EO (35.63%). The
decrease of EE for the other samples might be explained due to the
saturation of EO loading into chitosan nanoparticles. This finding was
in agreement with previous reports (LOpez-Menesesa et al., 2018,
600). The LC% of EOs was in the range of 0.66-19.01%, as
determined from UV-vis spectrophotometry experiments. However,
maximum LC% value was obtained for the sample prepared using
clove buds EO (19.01%). This result was in agreement with the
findings regarding the loading of carvacrol into chitosan—TPP
nanoparticles, which have been reported by (Keawchaoon and
Yoksan, 2011).

Table 1. EE% and LC% of tested EOs CS-NPs by UV-vis spectrophotometry.
Chitosan:EO mass ratio UV-vis spectrophotometry
1:1 (wiw) (EE)% (LC)%
Cinnamon EO 1.78 + 0.0057 0.94 +0.017
Clove EO 35.63 £1.2935 | 19.01+0.6707
Laurel EO 14.33£0.994 | 5.06 £0.0341
Basil EO 0.97 £0.03 0.66 £0.0208
Lemon grass EO 2.27+0.0692 | 1.51 +0.0169

Results were reported as mean = SD, n = 3.

In vitro release studies of EOs from CS-NPs

The in vitro release profiles of EOs from the nanoparticles, prepared
using a weight ratio of chitosan to EO 1:1 (w/w) were shown in (Fig.
2). The amount of EO released at different times was measured at 275
nm. EO release from nanoparticles takes place by several mechanisms
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including surface erosion, disintegration, diffusion and desorption.
The in vitro release profile of EOs from chitosan nanoparticles 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 EO 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 EO released will be
also high (Ghahfarokhi et al., 2017, 16). In the second stage, the
release rate was relatively slow, or we could say that the release of EO
reached plateau at this stage (Fig. 2). This might be due to the
diffusion of the EO dispersed into the polymer matrix as the dominant
mechanism. This stage has slower rate and thus resulting in nearly no
additional release of EO at this stage. Further release of EO required
the swelling and degradation of the compact chitosan—TPP
nanoparticles. Hence, the results indicate that the chitosan—TPP nano-
system is suitable for controlling the release of EOs.
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Figure 2. In-vitro release profiles of tested EOs from CS-NPs.
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Stability of EOs phenolic contents in CS-NPs

The Folin-Ciocalteau assay is a method for the measurement of
phenolic content in products. Folin-Ciocalteau reagent is composed
mainly of sodium tungstate (V1) dihydrate and sodium molybdate (V1)
dihydrate. The basic mechanism is oxidation with the phenolic group
leading to the formation of the molybdenum blue and the tungsten
blue that are quantitatively measured by spectrophotometer (Shetta et
al., 2019). CS NPs and CS/EOs NPs were assayed for their TPC using
Folin—Ciocalteu reagent in the range of (0.008, 0.017, 0.008, 0.007
and 0.007) mg GAE/q, respectively (Fig. 3).

0.020

0.015

0.010

0000 n T T T T
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NP NP

ma GAFE /

Figure 3. TPC of tested EOs CS-NPs expressed in (mg GAE/g sample).

Evaluation of antioxidant activity

Encapsulation process not only decreases the evaporation rate of
volatile components in EOs, but also it enhances the antioxidant
activity of these bioactive particles compared to their free forms as a
result of protection against the adverse effects including oxygen and
temperature (Hasani et al., 2020, 40).The DPPH radical scavenging
assay is a method for the assessment of antioxidant activity. The
mechanism of this method is based on the quenching of the single
electron of DPPH by the antioxidant compounds and subsequently, the
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solution is decolorized (Sotelo-Boy'as et al., 2015, 585). The free
radical scavenging activity of pure EOs has been reported by others in
the literature which is attributed mainly to the presence of
monoterpenes, sesquiterpenes, and their oxygenated derivatives
(alcohols, aldehydes, esters, ethers, ketones, phenols and oxides). The
scavenging activity of encapsulated EOs on DPPH radicals was in the
range of (0.58, 1.36, 0.16, 0.29 and 0.14)% respectively (Fig. 4).
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NP
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Figure 4. DPPH radical scavenging activity (%) of tested EOs CS-NPs.

Conclusion:

In this study, five EOs namely; Cinnamon, Clove buds, Laurel, Basil
and Lemon grass were encapsulated in CS NPs with spherical surface
morphology shown by SEM. The EE% of EOs NPs were about (1.78,
1.29, 0.99, 0.03, and 2.27)%, respectively, whereas, the LC% of EOs
NPs were about (0.94, 19.01, 5.06, 0.66, and 1.51)%, respectively.
Furthermore, in-vitro release studies of both EOs showed an initial
burst effect and followed by a slow release at pH 7.4 conditions.
Moreover, to study the stability of total phenolic contents (TPC),
Folin—Ciocalteu was used and the results (0.008, 0.017, 0.008, 0.007
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and 0.007) mg GAE/g respectively showed the ability of CS-TPP
system to preserve the TPC of tested EOs NPs. The antioxidant
activities of EOs-NPs were in the range of (0.58, 1.36, 0.16, 0.29 and
0.14)% respectively, where clove buds EO NPs assigned the best
antioxidant activity because of having the highest TPC of tested EOs
NPs. Finally, Based on these results (Ranjan et al., 2014, 12), the
encapsulated EOs in CS NPs are promising candidates to be used in
nutraceuticals, cosmetic and pharmaceutical applications.
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