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Abstract The present study sought to encapsulate oleu-
ropein as a nutraceutical compound in order to investigate
its physical properties and stability. We extracted the
phenolic compounds of virgin olive leaf by ethanol-water
and acetone—water solvents. The purity of this extract was
confirmed by analytical high-performance liquid chro-
matography using oleuropein standard. Oleuropein was
encapsulated with different components (lecithin, linoleic
acid, glycerol monostearate, soybean oil, and Tween 80),
and the effect of their contents on oleuropein-nanostruc-
tured lipid carrier (NLC) characteristics was checked by
dynamic light scattering test. Moreover, several features of
the optimal nanocarrier, including zeta potential, structural,
morphology, stability, as well as thermal behavior were
studied. The results of optimal NLC exhibited a high zeta
potential as well as supreme stability versus aggregation.
Thermal study indicated that oleuropein was well embed-
ded into NLCs. The scanning electron microscope images
showed that NLC samples had many spherical particles in
the form of chain structure. The stable nanocarriers did not
exhibit any oleuropein leakage following their analyses for
90 days at — 18, 6, and 25 °C in aqueous suspension.
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Introduction

A nutraceutical is a nutrient with a valuable and health-
enhancing biological activity whose basic nutritional
properties enable it to prevent and treat certain diseases
(Rajakumar 2003). It is believed that the olive plant has
several nutritional and medicinal advantages. Oleuropein
and its derivatives such as tyrosol and hydroxytyrosol have
been indicated to be the principal components of olive leaf.
Several compounds in oleuropein are potentially capable of
performing antimicrobial activities against fungi, bacteria,
as well as mycoplasma (Furneri et al. 2002) and antioxi-
dant activity (Ziogas et al. 2010). Moreover, it was indi-
cated in a research that acute infection and the cell-to-cell
transmission of HIV-1 are repressed by oleuropein (Lee-
Huang et al. 2003). Due to poor solubility in water and
bitter taste, it cannot be used to enrich food. Scientists
maintain that encapsulation is one of the methods that
could be used to save bioactive food ingredients from
environmental damage and disguise their displeasure
properties (Fathi and Varshosaz 2013). It is believed that
encapsulation leads to increased functionality of bioactive
compounds, antibiotics, and probiotics (Ying et al. 2013).
Nanostructure lipid carriers (NLC) are the novel types of
nanostructures. Researchers argue that these lipid carriers
are the novel colloidal sensitive carriers that can be used
for industrial as well as scientific usages (Pardeike et al.
2009). A certain amount of fluid lipid is found in NLC that
impedes the formation of complete crystals and the
exclusion process during the storage phase (Fathi et al.
2012).
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The main purpose of the present study was to design and
develop new lipid nanocarriers to resolve the issues of
oleuropein bitterness, low solubility and stability. The
present research attempted to study the effect of concen-
trations of components on dynamic light scattering and
encapsulation efficiency properties of oleuropein-NLC by
the application of one-at-time method. It was also tried to
propose an optimum formulation of oleuropein-NLC. Zeta-
potential, X-ray diffraction (XRD), Differential scanning
calorimetry (DSC), Field emission scanning electron
microscope (FE-SEM), and physical stability were applied
to study the features of the optimum formulation in the end.

Materials and methods
Materials

Oleuropein (molecular weight 540.51 g/mol), lecithin,
chloroform, linoleic acid, acetone, ethanol, hydrochloric
acid, phosphoric acid and sodium phosphate dihydrogen
potassium, acetonitrile (at HPLC analytical grade) and
methanol (at HPLC analytical grade) were supplied by
Sigma—Aldrich. Tween 80) and Glycerol monostearate
were purchased from Merck Co. (Germany). All other used
chemicals were at of least analytical grade. The raw soy-
bean oil was purchased from the local market of Iran,
Gorgan. Also, healthy Olive leaves were collected from
Iran, Khoramabad in spring and summer seasons and then
were stored in cold place after washing, drying and
grinding.

Extracting olive leaf powder extracts using different
solvents

In olive leaf extraction, composition of ethanol-water
solvents (with ratio of 70:30) and composition of acetone—
water solvents (with ratio of 70:30) were used in hot and
cold water methods, respectively. The best hot water
extraction method as follows: the 10:1 solvent with the
olive leaf powder was placed in the hot water bath at 40 °C
for 30 min, while in the cold water extraction, the 10:1
solvent was mixed with olive leaf powder and was placed
on the pallet shaker (moving shaker) with the speed of
1000 rpm for 24 h at 25 °C. After filtering the resulting
extracts from both hot and cold methods using a 0.45 p
filter, the extracts filtered in the plate at the room temper-
ature (25 °C) were dried and stored in the refrigerator.

HPLC analysis

In order to inject the sample into an HPLC system, a 25 pl
microsphere (F-LC25 model manufactured by SGE,
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Australia) was used. For the separation and quantitative
measurement of oleuropein in the extracted samples, the
HPLC system with a C-8 column, Shim-Pack clc-c8
(M) model with the length of 25 cm, diameter of 4.6 mm,
and filler particle size of 5 pm and protective column of
1 cm was used. This system was equipped with two
reciprocating pumps, an oven, a continuous gas discharge,
a 20-pl sample loop, and a UV-visible detector of SPD-10
AVP model equipped with 8-pl cell quartz. The software
was Class-vp v.R 6.1, and the HPLC solvents (phosphate
buffer, acetonitrile and distilled water) and extraction
specimens were filtered before use by the 0.45 | membrane
filtration system (Millipore model). The peak oleuropein
was identified using a comparison of retention time (RT)
and the standard sample. For more certainty, a part of
standard oleuropein was added and re-injected. As expec-
ted, the height of the identified peak was increased as
oleuropein. For the quantitative measurement of the oleu-
ropein, the calibration curve was employed by the standard
sample based on the sub-peak level. To separate the species
on an HPLC column, a gradient elution program (0.2, 0.4,
0.6, 0.8 and 1 mL/min) was used using two solvents of A:
acetate phosphate buffer (0.05 mol) (pH = 2.8) and B:
acetonitrile. The flow rate of the moving phase was 1 mL/
min (Kheirandish et al. 2016; Soleimanifard et al. 2019).

NLC production

Preparation method of nano-carriers was conducted with a
few modifications using method Fathi et al. (2013). In this
method, the solid lipid (glycerol monostearate) was heated
at 5 to 10 °C above the solid lipid’s melting point
(60-70 °C). Initially, the olive leaf extract powder was
dispersed in water (1:10), then, the aqueous dispersion
containing extract powder was added to the melted lipid
phase (melted fat and oil with lecithin emulsifier), which
underwent stirring or large shearing force (2000-5000 rpm
by homogenizer, Pro250, USA), by the sampler and in the
drop by drop method within the time interval of 2 s for 2 h.
The particle size in the final emulsion was reduced using
15 min sonication at 40 °C in the ultrasonic bath (Power-
sonic 505, South Korea) and, then, 15 min probe/bar
ultrasound (in 5 three-min cycles in the time intervals of
1 min, frequency of 1 Hz, power of 100 watts, and
amplitude of 50%) by the probe sonicator (Bandelin,
Berlin, Germany). After the above-mentioned steps for
centrifuging, 1 M chloride acid was added to each falcon
tube (containing 35 mL of suspension) for contributing to
the sequestration of the added nanoparticles. Then, the
colloidal system was centrifuged for 15 min with
15,000 rpm at 20 °C. After the separation in the centrifuge,
the sediment containing the nanoparticle carrying olive leaf
extract powder was separated and dried by sublimation
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Table 1 Formulation composition (percent weight/weight of emulsion) of nanostructure lipid carriers

Formulation ~ Water Glycerol Linoleic Soybean Lecithin ~ Olive leaf extracts
code® (ml) monostearate (g) acid (g) oil (g) (2) powder (g)
Changes of water 1 50 1.33 0.1 0.1 0.1 0.1
2 60 1.33 0.1 0.1 0.1 0.1
3 120 1.33 0.1 0.1 0.1 0.1
Changes of lipid 4 120 0.93 0.2 0.2 0.1 0.1
5 120 1.00 0.166 0.166 0.1 0.1
6 120 1.06 0.13 0.13 0.1 0.1
7 120 1.33 0.1 0.1 0.1 0.1
Changes of lecithin 8 120 0.93 0.2 0.2 0.02 0.1
9 120 0.93 0.2 0.2 0.05 0.1
10 120 0.93 0.2 0.2 0.2 0.1
11 120 0.93 0.2 0.2 0.3 0.1
Changes of olive leaf 12 120 0.93 0.2 0.2 0.3 0.05
extracts powder 13 120 0.93 0.2 0.2 0.3 0.2
14 120 0.93 0.2 0.2 0.3 0.4
15 120 0.93 0.2 0.2 0.3 0.5

For all formulation 2 percent tween 80 were added

drying method (at — 80 °C and pressure of 0.001 mbar
during 24 h) by a sublimation dryer (Christ Alpha LD,
Germany) and the powder of lipid nano-carriers was
obtained. Table 1 shows the concentration changes for
compounds.

Dynamic light scattering

In order to study the particle size, poly dispersity index
(PDI) and zeta-potential/average of the samples, a Zeta
sizer (30 HS model, Nanoseries, Germany) was applied.
Next, the particle size, PDI and zeta- average were mea-
sured using photonic correlation spectrometry at the angle
of 90° and ambient temperature of 25 °C. The same
instrument/machine applied by the Helmholtz—Smolu-
chowski equation to convert/transform the specified parti-
cle electrophoretic dynamism into zeta-average was used to
determine the electrical charge of lipid nanoparticles in a
capillary cell. Prior to analysis, the nanostructure lipid
carrier samples were diluted 1:10 with a dilute phosphate
buffer to elude multiple scattering effects (Nash and Hae-
ger 1966; Soleimanian et al. 2018).

Designation of encapsulation efficiency (EE)

First, 10 mL of nano-carrier containing olive leaf extract
powder was solved in 10 mL of acetonitrile solvent. After
filtering with a 0.45 p filter, the filtered solutions were
ultrasounded for removing the effective substance from the

lipid nanocarriers in an ultrasonic bath for 15 min at 25 °C.
The resulting solution was diluted with further acetonitrile
(10 mL) and, then, analyzed using an HPLC apparatus at
the wavelength of 254 nm (maximum absorption wave-
length of oleuropein). After calculating the amount of
oleuropein, the efficiency of encapsulation was calculated
using the following equation (Varshosaz et al. 2010).

Encapsulation efficiency (%)

_ Amount of oleuropein entraped in NLCs % 100
" Theorical total amount of oleuropein added to NLCs

XRD analysis

This method was carried out using X-ray diffraction by an
X-ray diffraction device. In order to detect the crystal or
non-shaped structure of the nano-carriers, X-RD patterns
were determined by X-RD (STADIP, STOE, Germany).
The data collection was done using copper anode
(Aol = 1.54443, ho2 = 1.39225, AP =1.39225) and
monochromator voltage of 40 kV with the scan speed of
0.05 s. The refractive patterns were performed within
1 <260 <79.99 by continuous scanning.

DSC analysis
Before thermal evaluation using the differential scanning

thermometer (DSC 200 F3, Netzsch, Germany), the new
optimal lipid nano-carrier formulas were frozen (— 18 °C)
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and dried using a sublimation dryer for 48 h. The thermal
evaluation of the optimal nanostructure lipid carrier, con-
trol nanostructure lipid carrier, and optimal nanostructure
lipid carrier ingredients was conducted by placing 1 mg of
the sample in a standard aluminum container and heating
10 °C/min (temperature range of 25-400 °C) under a
nitrogen flow of 70 mL min~"'. In this device, the empty
aluminum container was used as the reference.

Morphology study

Features of the morphology of the nanostructure lipid
carriers were specified using a field emission scanning
electron microscope (FE_SEM, TESCAN, Czech). Also,
10 mg of the sample was coated with a gold-plated metal.
Then, the surface features and shape of the samples were
investigated using FE-SEM (voltage of 20 kV).

Stability study

To show whether the novel nanocarriers can trap oleu-
ropein, the polyethylene micro-tubes were utilized to keep
the dispersions under the room temperature (25 £+ 1 °C)
and freezer (— 18 °C) for three months. Then, the samples
were analyzed regarding the amount and size of remaining
oleuropein in nanocarriers (Fathi et al. 2013).

Statistical analysis

Initial component concentrations were chosen by the
Design Expert Software (version 7.0.0) and one-factor-at-
a-time method/one-variable-at-a-time method at various
levels. Data was obtained in triplicate. Data analysis were
carried out using a SPSS software package (version 16) by
analysis of variance (ANOVA). Statistical significance was
set at P < 0.05. X-pert High Score Plus (version 4) and
OriginPro software, 2016 were used to analyze XRD
patterns.

Results and discussion
HPLC analysis

Oleuropein standard, ethanol-water and acetone—water
samples chromatograms have been indicated in Fig. 1. The
evaluation of the mixture of ethanol-water revealed that
the extracts of ethanol-water and acetone—water had
221.370 and 120.8877 mg/g of oleuropein respectively.
According to the data obtained in this section, a mixture of
ethanol-water solvents with the ratios of 70:30 had the
highest adsorption rate during the absorption wavelength of
oleuropein (254 nm). The large amount of olive leaf
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extract in extraction with ethanol could be due to the better
solubility of the active compounds (polyphenols) in
organic solvents such as ethanol. Hence, the optimal
method mentioned above was employed to continue the
study for the high yield of olive leaf extract, high oleu-
ropein, and safe solvent applied in the food and medicine
industry.

Particle size and polydispersity index (PDI) analysis

The average particle diameter for all freshly produced
oleuropein-loaded NLC formulations ranged between 0.00
and 5767 nm (Table 2). The results indicated that the ratio
of increased glycerol monostearate to oil phase (soybean
and linoleic acid) could lead to the inconsistent increase of
the particle size of the oleuropein-loaded NLC, which
could be due to reduced interfacial tension with the rise of
the ratio of glycerol monostearate to oil phase. Appar-
ently, the surface-activity of glycerol monostearate is
reduced compared with the oil phase, which increases the
interfacial tension, and makes the droplet disruption
easier. These findings are consistent with the results
reported in literature. Lecithin reduction initially
decreased particle size but later increased it. Reduced
concentrations of emulsifier increased the interfacial ten-
sion and vice versa. Based on Laplace pressure, with the
increased ease of the destruction of a droplet during
homogenization, the interfacial tension decreases
(McClements 2005). Some researchers have reported that
high concentrations of emulsifier leads to the growth or
increase of the droplet size, which can be due to the
merging/re-accumulation of droplets caused by homoge-
nization process (Kentish et al. 2008), drop size reduction,
and the surplus concentration of surface emulsifier (Wal-
stra 2003). These findings are consistent with the results
reported in literature (Tamyjidi et al. 2014). Moreover,
increased olive leaf extracted powder in formulation led to
increased particle size NLCs. NLCs particles are quite
large in size, which could be because of the shape of the
powder that affects the light scattering measurements. The
particle size of lipid carriers can be affected by the dis-
tinctions related to shape. PDI is usually used to distin-
guish the width of the particle size distribution.
Oleuropein-NLC formulations that were prepared freshly
had a PDI value between 0.153 and 1.00. Formulation no
12 (high levels of oil phase to solid phase ratio) and
formulation no 6 (high levels of solid phase to oil phase
ratio) had the highest and lowest PDI values respectively.
It is likely that the presence of many big particles of solid
phase caused by insufficient droplet disruption resulted in
increased PDI. Nevertheless, the increase in PDI could be
due to intense re-coalescence as well as the presence of
tiny nanoparticles or micelles.



J Food Sci Technol

a
0.020 0.020
§
0.015 S 0.015
0
5
¥
o 0.010 3 0.010
= ©
[e) ~ Q
> e,
< 0 o
0.005 s ¢ . 0.005
Q N
I} ] 5
n <
B T
0.000 \1. § 0.000
0.005{ § -0.005
o
2

4 6 8 10 12 14 16 18 20
Minutes

b
35 35
3.0 . 3.0
3

25 o 25

20 S 8 2.0
2 2 g o . 2
&) S I o 2 o )
> > 15 TR R N 15 >

TR0 L8 s

1.0 - 3 c 1.0

: L8 b oo :

05 - =R 05

0.0 0.0

10 12 14 16 18 20

Volts

6721312 2.442

860575 1.792
2870882 3.925

504645 5.883
134201 6.600
121166 7.125
3248107 8.417

o

N

(S}
10880 0.342

Minutes
1.75
1.50
0
e
- 1.25
o
g 1.00 P
3 =
(o]
2 075 =
2 8 o
© " 2
i - ©
Tog 2 1050
¥ @ @
- 8
$ 8 2 loos
N
0.00

0 2 4 6 8 10

12 14 16 18 20

Minutes

Fig. 1 Chromatogram of olive leaf extracted sample under optimized conditions using semipreparative HPLC (a: oleuropein standard, b:
extracted sample with ethanol, c: extracted sample with aceton). Detection was performed at 254 nm

Zeta-average analysis

Zeta-average has a negative or positive load depending on
the chemical characteristics of the particles, which is a
significant agent to express the physical stability of the
colloidal and nanoparticle systems. In other words, Zeta
potential indicates the repulsive force among particles that
have similar charges in the formulation, and the repulsive
forces do not allow the particle to aggregate during storage
(Das et al. 2012). Hence, the likely physical stability of a
formulation could be shown by Zeta potential (Das et al.
2012). However, aggregation would not take place signif-
icantly because of the evident same electrical charge
caused by electrostatic repulsion. A negative zeta-average
in the range of — 43.3 mV is observed for the optimal
oleuropein-NLC formulation. The negative loads on the

surface of nano-carriers were probably due to the presence
of lipophilic surfactants with negative loads (i.e. lecithin)
and free fatty acids (i.e. linoleic acid and linolenic acid,
oleic acid, and free fatty acids in soybean oil) (Kumbhar
and Pokharkar 2013). These results are consistent with the
findings reported in the literature (Fathi et al. 2012; Tam-
jidi et al. 2014; Soleimanian et al. 2018).

Encapsulation efficiency analysis

Microencapsulation refers to the potential of wall materials
in preserving or trapping encapsulation materials within
microspheres. This factor is affected by the components of
nanoparticles (the composition and amount of wall mate-
rials, emulsifier, and the amount of encapsulation material),
production method, and the amount and solubility of the
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Table 2 Average values of
size, PDI and encapsulation
efficiency of developed carriers

Formulation code

Particle size (nm)

Polydispersity index (PDI)

Encapsulation efficiency (EE)

1 2144 £ 112.58b* 0.561 &+ 0.17d 4.14 £ 0.04k
2 1729 £+ 115.16¢ 0.935 + 0.21b 4.47 £ 0.29j

3 464.7 £+ 35.24¢ 0.323 £+ 0.05¢g 6.25 £ 0.001i

4 108.8 = 7.11m 0.196 £ 0.02k 9.51 £ 0.34h
5 134.7 £ 4.64i 0.201 £ 0.01j 22.79 £ 0.86d
6 5767 £ 640.15a 1.00 £ 0.02a 39.54 £ 1.13¢
7 1631 &+ 148.12d 0.839 £ 0.16¢ 1.27 £ 0.10n
8 146.4 £ 15.37h 0.280 &= 0.11h 3.42 £ 0.001

9 99.07 £ 3.64n 0.278 £ 0.08h 12.04 £ 0.11g
10 112.2 £ 6.271 0.225 £+ 0.14i 18.79 £ 5.54e
11 120.9 £ 5.46k 0.202 £ 0.06j 70.54 £+ 2.12b
12 121.9 £ 4.18j 0.153 £ 0.051 82.00 £ 0.08a
13 382.6 = 18.67¢ 0.428 + 0.11f 18.27 £ 3.16e
14 0.10 £ 0.000 0.638 £ 0.08d 16.36 £ 4.15f
15 400.4 £ 48.26f 0.435 £ 0.13e 1.84 £ 0.07m

*Different letters in each column depict a significantly difference (P < 0.05)

encapsulation material in the lipid (Tamjidi et al. 2014).
Microencapsulation values of nano-carriers varied from
1.27 & 0.11 to 82 + 8.41 (Table 2) and the formula with
code 12 had the highest efficiency of microencapsulation.
As the ratio of the lipid liquid phase to the lipid solid phase
increased and particle size reduced, the microencapsulation
efficiency of nano-carriers increased. This could be prob-
ably due to the greater solubility of the encapsulation
material in the liquid part of the lipid. Fathi et al. (2013)
indicated that nano-structure lipids were crystallized after
getting cold from the forms with more energy (o, ') to the
forms with less energy (B). As the result of this process, the
new form of the resulting lipids could not have any space
for encapsulation materials and exclusive exhaust. Never-
theless, adding liquid lipid to the lipid mixture, and
increasing the liquid part to solid part ratio resulted in the
formation of a more amorphous state and less crystalline
state of the nano-carriers. This process eventually led to the
defective and increased encapsulation materials in nano-
carriers (increased efficiency of microencapsulation). The
results of this study were consistent with the findings of
other researchers (Yuan et al. 2015; Kiani et al. 2016;
Soleimanian et al. 2018).

XRD and stability analysis

X-ray diffraction was carried out in order to recognize the
physical conditions of optimal oleuropein-loaded
nanocarrier. The diffractograms of oleuropein-free NLC
and oleuropein-loaded NLC have been demonstrated in
Fig. 2a, b. The wide diffraction peaks (decrease peak
intensity) of oleuropein-loaded nanocarriers implies that
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they have less crystallinity compared to oleuropein-free
nanocarriers and B/B'form (Liu and Wu 2010), which could
be because of increased impurity (residues of olive leaf
extracted powder). These results are consistent with the
findings reported in the literature (Jenning and Gohla 2000;
Fathi et al. 2013). There is a considerable overlap between
the diffractograms of oleuropein-loaded NLC and oleu-
ropein-free NLC. Nonetheless, it is likely that the addi-
tional reflections are induced by certain organic residual
moieties of the plant extract. The oleuropein-loaded NLC
formulation exactly revealed four reflections highly similar
to those of oleuropein-free NLC. The diffraction patterns
exhibit considerable diffraction peaks at 20-scattered
angles of 3.74, 5.60, 7.47, and 11.213 for oleuropein-free
NLC formulation, and 3.69, 5.54, 7.40, 11.12 for the
oleuropein-loaded NLC formulation, which is indicative of
the similarity in their crystalline nature. The crystallinity
quantities of the different formulations were significantly
different, and the quantity was 48 percent and 52 percent
for oleuropein-loaded/free NLC respectively. It is likely
that the differences in diffractogram peaks of the optimal
and control nano-carriers could be attributed to the pres-
ence of olive leaf extract powder and its effect on the
characteristics of particle light dispersion.

Figure 2c, d indicates the diagrams of the size distri-
bution. The sequestration rate of nano-carriers during the
storage phase depends on the low kinetic energy of lipid
matrix at — 18 °C and the magnitude of zeta-average.
Given the large amount of zeta potential (— 43.3 mV), the
accumulation of particles during the 3 months of storage
was slow, so that the optimal nano-carrier particle size
(121.9 nm) and PDI (0.153) after 3 months of storage at
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— 18 and 25 °C reached 129.3 and 281.4 nm, and their
PDI was 0.372 and 0.442 respectively. Substantially,
changes were not observed in the size of optimal oleu-
ropein-loaded carrier formulation at — 18 °C. It seems that
the optimal formulation had well stability at reported
temperature. These results are consistent with the results
reported in literature (Fathi et al. 2013; Wang et al. 2014;
Zhu et al. 2015; Li et al. 2016; Soleimanian et al. 2018).
Oleuropein did not have any leakage.

Structural properties

Morphological studies were carried out using FE-SEM.
The image in Fig. 3 demonstrates the structure of NLCs
with diameters of ~ 15-32 nm. According to the pre-
sented forms, the particles of nanostructured lipid carriers
had a highly regular platy or scaly structure. These images
revealed that the resulting nanostructured lipid carriers had
a homogeneous structure with regular and continuous
chains of spherical particles with low inter-particle cavi-
tation percent. Moreover, the lipid chains had a sticky
structure, intact wall, spherical and uniform shape, and

non-gap and wrinkle-free wall. These properties indicated
the appropriate characteristics of powders prepared by
sublimation drying.

Thermal properties study

Thermal attributes were assessed using DSC analysis to
check the melting point as well as the crystallization con-
dition of the materials and created nanocarriers. Figure 4
indicates the results of the thermography of the pure
materials, optimal oleuropein-loaded NLC oleuropein-free
NLC. Wide endothermic and exothermic peaks were
observed in the pure component (except the extract powder
sample and oleuropein) and oleuropein-free NLC. The
endothermic peaks were caused by removing the moisture
removal or the pure crystalline structure. However,
exothermic peaks were induced by depolymerization and
pyrolytic decomposition because of dehydration and
depolymerization reactions that occur following the partial
decarboxylation of the protonated carboxylic groups and
oxidation reactions (Sarmento et al. 2006; Zohuriaan and
Shokrolahi 2004; Fathi and varshosaz 2013). In the nano-

Fig. 3 FE-SEM images of olive leaf extracted powder (a: 500 nm, A: 5 nm), oleuropein-free NLC (b: 500 nm, B: 5 nm) and oleuropein-loaded

NLC (c: 500 nm, C: 5 nm)
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carrier sample, the emergence of a melting point at 390 °C
indicated the increase in hydrogen bonds between hydroxyl
and ester groups in lecithin, linoleic acid, soybean oil, and
hydrophobic, and Van der Waals bonds between non-polar
parts in the colloid state. In the optimal sample, the melting
temperature changed to 80. The removal of positive and
negative peaks, and the emergence of a peak at 80 °C
represented the crystallization of the compounds and
proper compatibility of these ingredients. The presence of
the separate peaks of the components in the heating curve
of nanoparticles containing the active substance is due to
the absence of chemical interactions between them (Rudra
et al. 2010). Some researchers have reported that with the

addition of active substances to the composition of
nanoparticles, the melting point was reduced and the peak
of the active substance was removed in the nanoparticle
curve. They suggested that the amorphous active substance
was encapsulated in the crystalline nanoparticles. Further-
more, by placing the active substance in two lipid layers,
the degree of compression and order of the lipid crystals
were reduced, which in turn altered the fluidity of the
membrane structure. Consequently, the melting point of the
nanoparticles containing active substances was reduced
compared with the mass of the material (Mohammadhasani
2013).
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Conclusion

The principal purpose of the present research was to
investigate the possibility of utilizing new nanocarriers to
encapsulate herbal bioactive components. As a natural
nutraceutical compound, oleuropein was loaded into NLC,
and then its features were examined. Oleuropein-loaded
NLC was produced by hot high-shear homogenization
accompanied with ultrasonication techniques (bath and
probe sonicator). Compared to other oleuropein-loaded
NLC samples, optimal oleuropein-loaded NLC samples
were smaller and more efficient for encapsulation.
According to the stability analysis, significant oleuropein
leakage was not observed in the optimal nanocarrier within
the 3 months” storage. According to the structural as well
as thermal results, the crystalline state of prepared oleu-
ropein-loaded nanocarrier was not highly ordered com-
pared with the oleuropein-free nanocarrier and pure
materials respectively. Hence, it could be concluded that
oleuropein was well accommodated in lipid matrix.
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