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Anthocyanin is one of the bioactive compounds, which is the main pigment of
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anthocyanin compounds with liposomes is important. Nanoencapsulation of
bioactive compounds with liposomes is an effective and efficient way to
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increase the stability of polyphenolic compounds. Liposomes are polar lipid
Nanoliposome, vesicles that form bilayer structures in polar solvents such as water. In this
Black fig extract, research, nanoliposomes in ratios of 9-1, 8-2, 7-3 and 6-4 lecithin-cholesterol
Anthociyanins, were prepared using the solvent injection method. Then, the size and zeta
Kombucha beverage potential tests were conducted to determine the characteristics of the produced

particles. The average particle size (average hydrodynamic diameter) and

10.22034/FSCT 21.148.45 particle size distribution for different lecithin-cholesterol ratios were in the

o T range of 132-740 nm and 0.47-0.41, respectively. Zeta potential values were
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of Nanoencapsulation, FTIR test was performed to investigate possible
reactions between anthocyanins and nanoliposome wall materials. The
morphology of anthocyanin-loaded lecithin-cholesterol nanoliposomes with a
ratio of 9-1 was shown by scanning electron microscopy (SEM). The stability
of the liposomal sample with a ratio of 9-1 lecithin-cholesterol was evaluated
by calculating the amount of release of encapsulated anthocyanin during 60
days of storage at ambient temperature. Samples with 9-1 lecithin-cholesterol
ratio were used in Kombucha beverage formulation. Sensory properties of
prepared beverages were evaluated which the results showed among the
samples, smell, mouthfeel and overall acceptance parameters had no significant
difference (P>0.05) .The results obtained in this research showed that
nanoliposomes are an efficient system for encapsulating of anthocyanins
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1. Introduction

Color compounds are crucial additives in
the food industry as they significantly
influence consumers' acceptance of food
products. These compounds not only
indicate the quality, freshness, and safety of
food but also contribute to its sensory and
visual properties. The addition of color to
food enhances its appeal and makes it more
appetizing [1]. The food industry utilizes
both natural and synthetic colors. However,
there are growing concerns regarding the
health and safety implications of synthetic
pigments like quinoline yellow, carmosin,
and tartrazine. Additionally, there are
limitations on the permissible limit of
consumption for these synthetic colors. As
a result, consumers are increasingly
inclined to opt for natural colors such as
carotenoids, chlorophyll, anthocyanins, and
betalain in their food choices [2].
Consequently, the utilization of natural
pigments derived from plants holds
significant importance in the food industry.
[3]. Anthocyanins are one of the natural
pigments that are known for their physical,
chemical and biological properties and are
used in various food, pharmaceutical and
cosmetic industries as natural colors or for
their biological functions. Furthermore,
anthocyanins can serve as a natural
preservative, flavor  enhancer, and
safeguard against environmental stress
when storing and transporting food
products [4]. Anthocyanins are an excellent
alternative to synthetic pigments due to
their attractive colors and high solubility in
water [5, 6]. Anthocyanins, classified as
phenolic compounds, are molecules that
have a direct association with red, blue, and
purple colors [7, 8]. The main sources of
anthocyanins are fruits, berries and some
vegetables as well as flowers. Black figs
contain large amounts of phenolic
compounds, flavonoids and anthocyanins,
which are the most important natural
antioxidants [9]. Anthocyanins in black figs
have high antioxidant activity [10]. Due to
their high antioxidant properties, these
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compounds play an important role in
preventing neurological, cardiovascular,
cancer diseases and inflammation [11, 12,
13, 14]. Despite their important advantages,
anthocyanins have no long stability due to
their sensitivity to oxidation, epimerization,
and polymerization [7,15]. Unsaturated
bonds in the molecular structure of
anthocyanins make them sensitive to light,
heat, pH changes, enzyme activities, metal
ions and oxygen [7,15]. During food
processing and storage, the stability of
anthocyanin molecules may be easily
affected by these factors  [16].
Consequently, to enhance the stability of
these compounds, it is imperative to encase
them within various types of wall materials
through encapsulation [17, 8]. The
microencapsulation process is one of the
most useful technologies by which
sensitive materials are packaged within a
wall [15]. In this method, the inner material
is protected against adverse environmental
conditions such as the effects of light,
moisture, and oxygen, and the wall material
creates a barrier between the inner material
and the external environment. Due to
anthocyanins being very sensitive and
unstable, this method preserves them by
improving the stability and bioavailability
of anthocyanin compounds [18]. The
microencapsulation process is performed in
various ways, including spray drying,
freeze drying, fluid bed coating, extrusion,
etc. [19]. Among the various
microencapsulation methods,
encapsulation inside nanoliposomes is one

of the suitable methods for
microencapsulation of bioactive
substances, including anthocyanin

compounds, which are used today [20].The
main  perspective of nanotechnology
applications for food is to improve sensory
properties, safety, and enhancement. The
objective can be attained through the
encapsulation of food constituents or
additives, regulation and discharge of core
substances, and enhancement of the
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bioaccessibility of food constituents.
Several encapsulation techniques employed
in the food industry rely on biopolymer
matrices composed of carbohydrates,
proteins, and lipids. Various compounds
like antioxidants, enzymes, vitamins,
minerals, antimicrobial agents, and fatty
acids (omega-3) can be enclosed within
nanoliposomes  [21].  Nanoliposomes,
which are spherical structures made up of
polar lipids, have the ability to organize and
accumulate into bilayer membranes upon
contact with water. These nanoliposomes
possess the capability to encapsulate
hydrophilic compounds within their core
and hydrophobic compounds within the
lipid layer. Their ~ compatibility,
biodegradability, and uniform distribution
of bioactive substances, such as
anthocyanins, make them highly versatile
and advantageous compared to their free
form. As a result, nanoliposomes find
extensive applications in various fields [22,
23]. In the encapsulation process, the wall
material is a key and important element and
should have characteristics such as being
edible, biologically degradable, and the
ability to create a barrier between the
internal phase and its surrounding
environment [24]. Hence, opting for
phospholipids to constitute the wall of
nanoliposomes is a favorable decision with
significant implications for nutrition and
well-being. Phospholipids, being
amphiphilic molecules, play a pivotal role
as the primary constituents of the
nanoliposome wall. They possess a
hydrophilic polar head and a hydrophobic
tail, enabling them to transport both
hydrophilic substances within the inner
core and hydrophobic compounds between

the lipid layers. Consequently, they
facilitate the gradual release of these
substances into food [25]. The

encapsulation of anthocyanin compounds
within nanoliposomes has the potential to
enhance the efficacy of functional foods
through improved absorption and stability
within the gastrointestinal tract. [26].
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The primary objective of this study is to
entrap black fig anthocyanin compounds
within nanoliposomes to shield them from
unfavorable environmental factors and
safeguard their stability. Additionally, a
secondary goal of this research was to
incorporate nanoliposomes generated in
kombucha beverages to enhance both their
visual appeal and nutritional value.

2. Materials and methods

2.1. Materials

Lecithin with the brand name L-alpha-
lecithin with a purity of 99% from Merck,
Germany, cholesterol and tween 80% from
Merck (Darmstadt, Germany), ethanol 96%
from Teb Hamon, and Kombucha beverage
and Fig (Ficus carica) were purchased from
the market.

2.2. Extraction of black fig extract using
ultrasound

First, fresh black figs were purchased from
the local market. After cleaning, the figs
were peeled and cut into flat sheets and then
dried in an oven at 60°C for 24 hours. The
dried samples were carefully crushed and
powdered by the mill and passed through a
sieve for uniformity. The obtained powder
was stored in polyethylene bags and at
freezing temperature (-18°C) to prevent
moisture penetration [27]. 10 grams of the
black fig powder was mixed with the
solvent ethanol-water (ratio 7:3) in a ratio
of 1:10 and sonicated in an ultrasonic bath
for 20 minutes at a temperature of 40°C
with ultrasonic waves at a frequency of 37
kHz. The supernatant solution was
separated by filter paper and the extract
containing the solvent was spread on the
surface of the glass plates and placed in the
40 °C oven. After evaporation of the
solvent, the extracts were placed in a
desiccator until a constant weight was
reached. The extracts obtained were stored
at -18°C until the experiments were carried
out [28].

2.3. Determination of extraction yield
The extraction yield was obtained by
dividing the weight of dried extract to the
raw material [47].
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Extraction yield (%) = (weight of dried
extract /total weight of figs) * 100

2.4. Determination of anthocyanin
concentration

The amount of anthocyanins was measured
using the pH change method. In this
method, the absorbance of the prepared
samples (5, 10, 20, and 25 ppm dilutions)
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with a buffer of pH=1 and pH=4.5 was
measured using a spectrophotometer at a
wavelength of 510 nm as cyanidin-3-
glycoside pigment [29 ]. According to
Figure 1, the calibration curve of
anthocyanin was used to determine the
anthocyanin concentration.

y =0.0019x + 0.0237

R?=0.998

15 20 25 30

Density(ppm)

Figure 1: Calibration curve of anthocyanin

2.5. Preparation of nanoliposomes

The nanoliposomes were produced using
the ethanol injection method. For this
purpose, lecithin at a concentration of 15
mM/ml and anthocyanin extract at different
concentrations were dissolved in ethanol.
Then, about 10 ml of the ethanol solution
was slowly injected into 70 ml of distilled
water with a homogenization process at a
speed of 2000 rpm and thus the liposomal
suspension prepared was kept in a
refrigerator at 4 °C for further analysis [30].
To prepare the control sample, the
mentioned steps were carried out exactly
without the addition of anthocyanin extract.
2.6. Determination of particle size and
zeta potential

The particle size and zeta potential of the
samples were measured using a DLS,
Worcestershire Instruments (ZEN3500,
Malvern, UK) in three replicates at a
temperature of 25°C [31].

2.7. Determination of encapsulation
efficiency

48

To measure the effect of encapsulation in
the prepared nanoliposomes, the method of
Homayoonfal et al. (2021) was used. Two
samples of anthocyanin-containing
nanoliposomes were selected, one sample
to measure the concentration of
unencapsulated anthocyanin and the other
sample to measure the total concentration
of anthocyanin in anthocyanin-loaded
nanoliposomes. The prepared liposomal
samples were centrifuged at 15,000 rpm
and 4 °C for 45 minutes, and two separate
phases were formed after centrifugation.
The non-encapsulated anthocyanin
collected in the upper phase and the
anthocyanin-containing nanoliposomes
collected in the lower phase. To remove the
lecithin, which could not be separated in the
centrifuge, the upper phase was separated
and mixed with chloroform in a 1:1 ratio
and centrifuged in a centrifuge at 10,000
rom and a temperature of 4 °C for 10
minutes. After centrifugation, the upper
aqueous phase contained only water and
anthocyanins. It was diluted once with
potassium chloride buffer and once with
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sodium acetate buffer, and finally, the
anthocyanin concentration was measured
according to the following relationship and
considered as non-encapsulated
anthocyanins. To calculate the total
concentration of anthocyanins, another
sample was analyzed and nanoliposomes
containing anthocyanins were analyzed by
mixing with chloroform at a ratio of 1:1 and
other steps were carried out similar to the
previous sample, and finally the total
concentration of anthocyanins in the

sample was calculated [20].

Anthocyanin  concentration  (mg/liter) =
(A510-A700)pH1—-(A510—A700)pH4.5)XMW XDFx1000
EXL

In this equation, A is the absorbance and its
index is the wavelength, MW is the
molecular weight of cyanidin-3-glucoside
(449.2 g/mol), DF is the dilution factor, € is
the molar absorbance of cyanidin-3-
glucoside (26.900) and L is the cell length
(1 cm). The measurements were carried out

with a spectrophotometer.
Encapsulationefficiency=

Total Anthocyanin concentration—non—encapsulated anthocyanin coryegmd RGO
7

infrared spectroscopy in the wavelength
range of 400 -4000, cm™ was used for
sample 1-9 [32].

2.9. Morphological analysis (SEM)

To evaluate the change of surfaces and to
examine the morphology of sample 1-9, the
field emission  scanning  electronic
microscope (FE-SEM) model LEO1430VP
with 50000 magnification was used.

2.10.  Stability of  anthocyanin-
nanoliposome sample

The stability of the samples was determined
at room temperature for 60 days. The
encapsulation efficiency was evaluated
every ten days using a spectrophotometer at
a wavelength of 510 nm [20].

2.11. Preparation of beverage

The treatments used in this study included
kombucha beverages containing non-
encapsulated black fig anthocyanin extract
at two levels of 4 and 6% (w/v), kombucha
beverages containing nanoliposome of
black fig anthocyanin extract at two levels
of 4 and 6% (w/v), and the control sample

Total Anthocyanin concentration

2.8. Infrared spectroscopic analysis
(FTIR)

FTIR Spectroscopy RXI model, Perkin
Elmer, U.K by License U.S.A was used for
infrared spectroscopy analysis. The sample
preparation method for measuring with
FTIR device is that the components of
nanoliposome and the lyophilized powder
of nanoliposome are mixed with potassium
bromide at a ratio of 1 to 100, and this
mixture is analyzed in Fourier transform

Tt

Among the treatments, the optimal sample,
1-9 (the sample that has 0.09 grams of
lecithin and 0.01 grams of cholesterol) was
selected and was freely added once to the
Kombucha beverage at two levels of 4 and
6% (w/v). Once again, it was added to the
beverage in a nano form at two levels of 4
and 6% (w/v) and was subjected to
measurement of color, Brix, pH, acidity,
hygroscopicity, solubility, and sensory
evaluation.

Table 1 Formulations of Kombucha beverage *

Microencapsulated Free Kombucha beverage Sample
anthocyanin solution anthocyanin
solution
- - 100 Control
4 - 96 N4
- 4 96 F4
6 - 94 N6
- 6 94 F6

¢ The units are in milliliters

N4% : nanoliposomed sample at 4% level
N6%: nanoliposome sample at 6% level
F4%: free sample at 4% level

F6%: free sample at 6% level
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2.12. Measurement of dissolved solids
(brix) of the beverage

The amount of dissolved solids in the
beverage was measured by a refractometer
(model RA-500 KEM) at ambient
temperature in three repetitions (according
to the Iranian National Standard No. 2685).

2.13. Determination of the pH of
beverages

pH of the samples was measured using a pH
meter (Mettler Toledo, Canada) at room
temperature for three repetitions (according
to the Iranian National Standard No. 2685).
2.14. Sensory evaluation

10 panelists were used for the sensory
evaluation of Kombucha beverage samples
enriched with nano and free anthocyanin
extract. The samples were provided to the
panelists and they were asked to taste and
evaluate the kombucha samples containing
anthocyanin nanoliposomes and express
their opinion about its aroma, taste, color
and overall acceptability and give a score
from 1 to 5 points (score 1 : very bad
quality, 2: poor, 3: average, 4: good, 5:
excellent) [33]. It should be noted that the
ethanol used in the preparation of
nanoliposomes was evaporated under
vacuum before sensory evaluation.

2.15. Statistical Analysis

In this research, Statistical analysis on a
completely randomized design was used.
Brix, pH, total acidity, solubility,
hygroscopic, color and sensory evaluation
tests were performed in three repetitions,
and FTIR and SEM tests were carried out,

and also concentration, stability, and
efficiency  tests  were  performed.
Encapsulation and determination of particle
size, zeta potential and PDI were carried out
in three replicates and the obtained
information was analyzed using one-way
analysis of variance. Duncan's multiple
range test was used to determine the
difference among the mean values of the
samples at a probability level of 5%
(P<0.05). All statistical tests were
performed using SAS software.

3. Results and discussion

3.1. The rate of extraction efficiency

The efficiency of the extracted
anthocyanins was determined to be 0.65%
per kilogram of black figs. In a study
investigating the use of ultrasound for
anthocyanin extraction from purple sweet
potatoes, it was found that a short-term,
high-temperature method may be beneficial
for extracting heat-sensitive anthocyanins.
In contrast, longer-term extraction at lower
temperatures resulted in decreased yields of
anthocyanins [34]. Several factors may
contribute to the variation in anthocyanin
levels observed in different studies,
including genotype, fruit color, and fruiting
season [9].

3.2. Determination of particle size

The results related to the evaluation of
particle size, zeta potential and particle
dispersion index of different treatments
(liposomal samples with different ratios of
lecithin-cholesterol) are given in Table 2.

Table 2 Particle size, particle size distribution and zeta potential of liposomal nano samples
containing black fig anthocyanin®

Particle Dispersion Zeta potential Particle size Liposomal sample
Index (PDI)
0.41+0.06° 26+7.81" 132.6+17.78°¢ 1-9
0.36+0.09° 36.3+.573 260.6+24.58° 2-8
0.43+0.05? 33.66+1.52% 353+59.57° 3-7
0.47+0.15° 42.66+6.42° 740.03+88.75° 4-6

Different lowercase letters in each column indicate significant differences (P<0.05).

50



Jami et al

Nanoliposome of black fig Anthocyanins...

According to Table 2, it is evident that the
experimental treatments exhibited
significant differences (P<0.05) in terms of
particle size and zeta potential. Among the
samples, sample 4-6 displayed the largest
particle size of 740.03 nm while sample 1-
9 was considered to be the optimal sample
with the smallest particle size of 132.6 nm.

The particle dispersion index (PDI) serves
as an indicator of the uniformity of particle
size in a suspension. Consequently, it
provides valuable insights into the
homogeneous size distribution of vesicles
[35]. Notably, no significant difference was
detected among the samples with regards to
the PDI, indicating a similar level of
particle dispersion (P>0.05).
Nanoliposomes possess another notable
attribute known as zeta potential. This
parameter, indicative of the surface charge
of liposomes, effectively demonstrates the
repulsive  forces  between  charged
nanoparticles. Moreover, it significantly
influences the stability and efficacy of
encapsulation processes. In a research,
Homayounfal et al. (2021) investigated the
average of particle size, PDI and zeta
potential in barberry nanoliposome extract,
the result showed that the hydrodynamic
diameter of the primary nanoliposomes was
140.74 nm and with increasing anthocyanin
concentration, finally, the particle size
increased to 194.67 nm. The results showed
that the encapsulated compound (barberry
extract) had a direct effect on the particle
size of the colloidal suspension. Also, in the
same study, the PDI values for all samples
were less than 0.3, and in this sense, there
was no significant difference between the
samples. In this research, the zeta potential
of all samples was less than -42.85 mV,
which indicates the high stability of the
systems. The negative charge of
nanoliposomes in this study was related to

o1

anionic phospholipids such as
phosphatidylcholine and
phosphatidylethanolamine in the structure
of rapeseed lecithin [20]. In a study
conducted on nanoliposomes containing
red cabbage anthocyanin extract, the result
showed that the size of nanoliposomes
particles varied from 37.12 to 56.1 nm with
a zeta potential of about -39 mV [36]. In
another study conducted on anthocyanin
encapsulation in liposomes, the result
showed that with increasing anthocyanin
concentration, the size of liposome particles
decreased significantly from 1520 nm to
243 nm, while the PDI significantly
decreased from 0.241 to 0.342 increased
[37]. Also, in another study, Alexander et
al. (2012) measured the average particle
size in nanoliposomed ascorbic acid
between 103 and 136 nm [38]. It has been
proven that if the zeta potential value of the
samples is more than +30 mV or less than -
30 mV, due to the increase of repulsive
interactions, including electrostatic, the
system is stable and not prone to
aggregation [20]. Sample 1-9 was chosen
for the next tests due to having the smallest
particle size and acceptable dispersion
index and zeta potential, and as the sample
with the best lecithin-cholesterol ratio.

3.3. Determination of
microencapsulation efficiency
Microencapsulation efficiency is one of the
important characteristics of nanoliposomes,
which shows the amount of trapped active
substance. The microencapsulation
efficiency for sample 1-9 (optimal sample)
and other lecithin-cholesterol ratios was
performed to investigate the effect of
cholesterol in entrapping the active
ingredient. The results related to
Microencapsulation efficiency are given in
Figure 2.
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Fig. 2 Measurement of nanoliposome microencapsulation efficiency of black fig anthocyanin compounds in
samples 1-9, 2-8, 3-7 and 4-6 lecithin-cholesterol.

Based on the results obtained, it is evident
that the examined samples did not exhibit
any significant variations in
microencapsulation efficiency, except for
the 2-8 lecithin-cholesterol sample, which
displayed a statistical difference compared
to the other samples. The
microencapsulation efficiencies  for
samples 1-9, 2-8, 3-7, and 4-6 were
recorded as 38%, 44%, 39%, and 37%
respectively. The results showed that
sample 2-8 had the highest percentage of
microencapsulation, which could probably
be due to its optimal amount of cholesterol,
and it was also observed that the amount of
microencapsulation efficiency decreases
with the increase of cholesterol. Cholesterol
is introduced into the lipid layer to reduce
the permeability of the lipid membrane,
stiffen the membrane, and increase stability
in the membrane. Therefore, the presence
of cholesterol in the liposome membrane
probably prevents tearing and changes in
the liposome membrane [39]. Therefore, it
can be concluded that by increasing the
amount of cholesterol, the stability
increases and the amount of material
leakage from the wall decreases, and as a
result, it increases the percentage of
encapsulation. In the research conducted by
Demirci et al. (2017) on nano liposomal
compounds, the result showed that
increasing the concentration of liposomal
cholesterol decreased the encapsulation rate
of hydrophilic substances and increased the
release rate. In another study, researchers
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showed that the encapsulation efficiency in
nanoliposomes decreased with the increase
of cholesterol [40]. In a study conducted on
nanoliposomes containing vitamin A
palmitate, the results showed that the
encapsulation efficiency increased with the
increase of lecithin concentration [39].
Following the result of this research, the
results of the research showed that the
encapsulation efficiency of nisin Z
decreases with the increase of cholesterol
levels [41]. Also, Alexander et al. (2012)
reported that the encapsulation efficiency
of ascorbic acid increased by increasing the
amount of soybean phospholipid [38].

3.4. FTIR test

FTIR spectroscopy is a useful method for
monitoring changes in the functional
groups of molecules. The FTIR spectrum of
the anthocyanin extract (Figure 3) reveals
several important peaks. The range of 800
cm to 1650 cm indicates the presence of
an aromatic compound, while the peak at
1058 cm? is indicative of C-H aromatic
ring transformation. Additionally, the
absorbance observed at 1156 cm™ can be
attributed to the vibration of C-O-C esters.
The bands present at 1400 cm™, 1428 cm™?,
and 1648 cm™ correspond to C-O, C=C,
and C=0 groups in the aromatic ring.
Furthermore, the wider absorption at 3462
cm-1 is associated with O-H groups found
in phenols and sugars. These findings
provide valuable insight into the chemical
composition of the anthocyanin extract
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[42]. As seen in Figure 3, different peaks
are observed in the absorbance spectra of
AC and liposomes. Some peaks related to
liposome and anthocyanin extract remain
unchanged, while some of them undergo
changes. The position of the carbonyl group
of lipids changed after binding to
anthocyanin compounds and reached a
lower wave number. But the phosphate
group of lipids changed to a higher wave
number. The peak corresponding to 1740
cm shows the stretching vibrations of the
carbonyl ester groups of phospholipids
(C=0). Absorption bonds belonging to
stretching vibrations of carbon-carbon
double bonds of alkenes (C=C) at 1650 cm"
1 were identified. Symmetric and
asymmetric vibrations of PO2* were
revealed at 1236 cm™ and 1092 cm™. In
addition, the band at 1070 cm™ corresponds
to the symmetric and asymmetric CO-O-C
stretching bonds. Finally, the 936 cm
bands represent the asymmetric stretching
vibrations of N (CH3)3. In addition, the
appearance of the region corresponding to
O-H groups also changes. Limitation of O-
H bonds is associated with the creation of
hydrogen bonds. The AC OH wave in the
presence of liposomes was shifted to lower
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wave numbers by 14 cm™. This may be due
to the breaking of hydrogen bonds and the
formation of hydrogen bonds between the
OH groups of anthocyanins (phenolic and
sugar) and the functional groups of
phospholipids (phosphate and carboxyl)
[42]. The 1740 cm™ wave is associated with
C=0 vibrations. Under the influence of the
presence of lipids and moving to lower
frequencies, it shows that the carbon group
in the C ring of phenolic anthocyanins
creates a hydrogen bond with lipid
molecules. As can be seen, at 1380 cm™, a
new peak with low absorbance intensity is
created in the structure of nanoliposomes
containing anthocyanin extract. This
absorption band may belong to the -N=0
stretching vibrations. In fact, the N (CH3)3
group in the lecithin structure is very
electrophilic and contains an empty orbital.
This group forms a weak dative bond with
the free electron pair of the OH group in the
structure of anthocyanins. Then, due to the
resonance effect of electrons in the benzene
ring, it temporarily becomes a weak -N=0
bond and creates a new peak at 1380 cm-
142].
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Fig. 3 FTIR analysis results of anthocyanin, nanoliposome, extract nanoliposome and cholesterol

3.5. Morphology analysis by scanning
electron microscope (SEM)

The morphological characteristics of
microcapsules with 1-9 lecithin-cholesterol
ratio have been shown by scanning electron
microscope (SEM) (Figure 4). The
formation of indentations on some
microcapsules has been attributed to rapid
water  evaporation and  consequent
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shrinkage of the particles during the drying
process or to the applied vacuum during
SEM analysis. Smooth spheres are
desirable for stability of encapsulated
materials as well as for controlled release.
This concept is one of the main goals of
food microencapsulation because it can
improve the efficiency of food additives
[43].
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Fig. 4 FESEM image for lecithin-cholesterol sample 1-9

3.6. Determination of stability

The results related to the evaluation of the
stability of nanoliposome samples during
the 60-day storage period are shown in
Figure 5.

120

a
a
100
b a
80
b

60 b
40
20
0

Stability (%))

230 230 230
Js) 15 30
Time (day)

Fig.5 Determination of stability for lecithin-
cholesterol sample 1-9
Different lowercase letters in each column indicate
significant differences (P<0.05)

According to Figure 5, it can be seen that
the stability of the nano-sized samples was
significantly different on different days.
The level of stability on the 1st, 15th, 30th,
45th and 60th days was: 99.33, 87.5, 63.5,
50.06 and 17.5%, respectively, and
gradually the passage of time decreases the
level of stability, which indicates that
materials have leaked out from the walls of
liposomes, and during two months of
storage, the stability level has increased
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from 99.33% to 17.5%, which could be due
to the destruction of the walls of liposomes.
Adding cholesterol to the liposome formula
also reduces the permeability of the
liposome membrane. Therefore, the trapped
material cannot leak easily. In a research,
Mohammadi et al. (2014) investigated the
stability of vitamin D3 nanoliposomal
compounds for two months at 4 °C and
concluded that, based on the lipophilic
nature of the entrapped substances,
degradation does not occur and the
substances showed good stability during
the storage period [48 ]. In a research, the
storage stability of curcumin
nanoliposomes was investigated by Chen et
al. (2015). Curcumin nanoliposomes
showed good stability when stored at 4 °C,
which was attributed to the fact that low
temperature prevented the degradation of
nanoliposomes[49]. Chanda et al. (2011)
evaluated the stability and strength of
liposomes for storing fluconazole during
one month in refrigerator (9°C), room
(25°C) and high temperature (45°C). The
results showed that liposomes are more
stable and stronger at lower temperatures
(leakage less than 5%) and higher
temperatures cause more fluidity of lipid
layers and more leakage of fluconazole
[50].

3.7. Characteristics of beverages
containing anthocyanin extract

The characteristics of beverages enriched
with anthocyanin extract (at 4% and 6%
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levels as nano-enriched, free form and
control sample) were investigated and
water-soluble solids (Brix), pH and their
sensory properties were evaluated. Also, to
measure the solubility and hygroscopic
index, the beverages were dried and the
powder of the beverages was evaluated.
1.3.7. Water-soluble solids (Brix)

The results of Brix are given in Table3. As
can be seen, the beverage containing the
Nanoencapsulated extract at the level of 6%
has the lowest amount of Brix, and the non-
Nanoencapsulated sample has the highest
amount of Brix at the level of 6%. This
shows that by increasing the amount of
liposome, the amount of solids insoluble in
water also increases, and in free samples,
due to the solubility of anthocyanin in
water, the amount of water-soluble solids
increases and causes an increase in Brix. In
the research that was carried out on
Kambocha tea prepared with different
herbal teas, the results showed that the Brix
at the beginning of fermentation and after
that were different in all tea varieties, so
that at the beginning of the fermentation
process, the lowest amount of Brix in green
tea and the highest amount of Brix in Mint
tea was observed and after fermentation,
Brix values were significantly different in
all tea samples, and the lowest Brix was
observed in black tea and the highest Brix

was observed in sage tea [44].

Table 3 Brix level of Kombucha beverage
containing nanoencapsulated and non-
nanoencapsulated anthocyanin extract at two levels
of4and 6% "

Brix Sample
5.56+0.20? Control sample
4.43+0.40"° F4%
5.3+0.302 F6%
4.06+0.11° N4%
3.23+0.32¢ N6%

Different lowercase letters in each column
indicate significant differences (P<0.05).

N4%: nanoliposomed sample at 4%
N6%: nanoliposome sample at 6%

F4%: free sample at 4%
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F6%: free sample at 6%

2.3.7. pH

The results related to pH values are
reported in Table 4. As can be seen, pH of
the different treatments had not significant
differ. In the research, kombucha tea was
prepared using several different tea
extracts, the tea extracts used were: black
tea, green tea, sage and mint tea. These
samples were subjected to fermentation for
14 days, the pH value was measured and the
results showed that the lowest pH was in the
black tea sample and the highest pH was in
the sage tea and the pH of all the samples
decreased after fermentation and the lowest
and highest pH were observed in Black and
sage tea, respectively [44]. In another study,
the pH value of kombucha beverage was
investigated during the fermentation, the
results showed that with the increase in the
fermentation time, pH values decreased,
but total acidity content (in terms of acetic
acid) increased [45].

Table 4 pH value of Kombucha beverage containing
nano-encapsulated and  non-nanoencapsulated
anthocyanin extract at two levels of 4 and 6 % ~

pH Sample
3+0.005? Control sample
3.13+0.11 2 F4%
3.20+0.10 ® F6%
3.03+0.05 ® N4%
3.06+0.05 @ N6%

Different lowercase letters in each column
indicate significant differences (P<0.05).

N4%: nanoliposomed sample at 4%
N6%: nanoliposome sample at 6%
F4%: free sample at 4%

F6%: free sample at 6%

In a research, the amount of pH changes of
kombucha beverage during the
fermentation was investigated. The result
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showed that the pH of kombucha tea evaluated in sensory evaluation of
decreased with fermentation time. Within 3 kombucha samples. There were a
days of fermentation due to increase in significant difference between color and
concentration of organic acids produced taste of samples. The color of F6% sample
during fermentation process, pH value and taste of control had the highest score,
decreased from 5 to 3 [46]. In another respectively. However, among the samples,
study, pH value of black tea-flavored Smell, mouthfeel and overall acceptance
kombucha beverage was 2.37 and pH of parameters had no differ significantly.
sage-flavored kombucha beverage was In a research conducted on kombucha tea in
3.25. The reason was related to organic several varieties of extract, the results
acids produced by fermentation using black showed that taste and smell of mint tea had
tea and sucrose [44]. highest score and black tea had lowest score
of smell. In color evaluation as well as
3.3.7. Sensory evaluation smell, mint tea and linden tea had highest
The results related to sensory evaluation of and lowest score, respectively. Considering
kombucha beverage samples containing all parameters in sensory evaluation, it was
microencapsulated free extract are shown observed that mint tea and linden tea had
in Table 5. Parameters of color, smell, taste, highest and lowest score, respectively [44].

mouthfeel and overall acceptance were
Table 5 Sensory evaluation of nanoencapsulated and free kombucha beverage samples at 4 and 6%

General mouthfeel taste Smell Color Treatments
acceptance

3.5+0.52° 3.3+0.67° 3.5+0.84° 3.5+0.70° 4.5+0.52° F6%
3.6+0.51° 3.2+0.63? 3.620.51° 3.5+0.52° 3.620.51° F4%
3.5+0.97° 3.1+0.56° 3.6+0.69° 3.40.84° 3.9+0.31° N6%
3.6+0.51° 3.2+0.63? 3.9+0.31° 3.3+0.94° 3.8+0.63° N4%
3.4+0.69° 3.2+0.63? 4.9+0.31° 3.3+0.94° 3.9+0.31° control

Different lowercase letters in each column indicate a significant difference (P<0.05).
N4%: nanoliposomed sample at 4%
N6%: nanoliposome sample at 6%
F4%: free sample at 4%
F6%: free sample at 6%

particles had not led to the phenomenon of

4. Conclusion agglomeration, and the results of the
According to the results obtained in this scanning  electron  microscope  were
research, the size of nanoencapsulated consistent with the results of DLS. Also, the
particles was in the range of 130-740 nm. results of sensory evaluation of prepared
Also, the distribution index was in the range beverages showed that among the
of 0.36 to 0.47 and the zeta potential was parameters, the taste of control as well as
between -26 and -42.66 mv. Increasing the color of a non-nanoencapsulated sample
cholesterol levels had an adverse effect on at a level of 6% had the most acceptance
particle size and nanoencapsulated score. This research showed that the
efficiency so it increased the particle size loading of anthocyanin inside the
and decreased the nanoencapsulated nanoliposome was successful in increasing
efficiency. FTIR results showed successful the stability and color of this compound and
loading of anthocyanin extract in it can be used on a commercial level.
liposomes. Also, the results of the FESEM 5.References

image analysis showed that the size of the [1]Al-Shurait, E. A.,, & Al-Ali, R. M.
particles was in the nano range and the (2022).  Optimal  conditions  for

57



Jami et al

Nanoliposome of black fig Anthocyanins...

anthocyanins extracting from some food
wastes. Caspian Journal of
Environmental Sciences, 20(3), 503-
512.

[2]Selim, K., Tsimidou, M., & Biliaderis,
C. (2000). Kinetic studies of degradation
of saffron carotenoids encapsulated in
amorphous polymer matrices. Food
Chemistry, 71(2), 199-206.

[3] Sharaiei, P., Parveen, Ain Afshar,
Kamali, Azadeh, & Nazam. (2014). The
effect of the type and concentration of
wall materials on the microcoating of
color compounds of saffron extract
using freeze drying. Engineering
Research of Irrigation and Drainage
Structures, 15(1), 25-38

[4] Belwal, T., Singh, G., Jeandet, P.,
Pandey, A., Giri, L., Ramola, S., Bhatt,
I. D., Venskutonis, P. R., Georgiev, M.
l., & Clément, C. (2020). Anthocyanins,

multi-functional natural products of
industrial relevance: Recent
biotechnological advances.

Biotechnology advances, 43, 107600.

[5] Arroyo-Maya, . J., & McClements, D.
J. (2015). Biopolymer nanoparticles as
potential ~ delivery  systems  for
anthocyanins: Fabrication and
properties. Food research international,
69, 1-8.

[6] Shaddel, R., Hesari, J., Azadmard-
Damirchi, S., Hamishehkar, H., Fathi-
Achachlouei, B., & Huang, Q. (2018).
Use of gelatin and gum Arabic for
encapsulation of black raspberry
anthocyanins by complex coacervation.
International journal of biological
macromolecules, 107, 1800-1810.

[7] Buchweitz, M., Speth, M., Kammerer,
D., & Carle, R. (2013). Impact of pectin
type on the storage stability of black
currant (Ribes nigrum L.) anthocyanins
in pectic model solutions. Food
Chemistry, 139(1-4), 1168-1178.

[8] Souza, V. (2015). De; Thomazini, M.;
Balieiro, JC; de, C.; Favaro-Trindade,
CS Effect of Spray Drying on the
Physicochemical Properties and Color

58

Stability of the Powdered Pigment
Obtained from Vinification Byproducts
of the Bordo Grape (Vitis Labrusca).
Food Bioprod. Process, 93, 39-50.

[9] Moradkhani (2020). Investigating the
phytochemical characteristics of the
fruit of three genotypes of L. Ficus
carica  plant in Khoy city.
Ecophytochemistry of medicinal plants,
8(2), 30-44

[10] Kikha, Z., Seifi, A., Varasteh, F.,
Faryal, & Ghasemnejad. (2015).
Investigating some morphological and
phytochemical traits in different stages
of growth and fruit development in three
genotypes of Ficus carica.
Ecophytochemistry of medicinal plants,
35-42.

[11] He, J., & Giusti, M. M. (2010).
Anthocyanins: natural colorants with
health-promoting properties. Annual
review of food science and technology,
1,163-187.

[12] Kruger, M. J., Davies, N., Myburgh, K.
H., & Lecour, S. (2014).
Proanthocyanidins, anthocyanins and
cardiovascular diseases. Food research
international, 59, 41-52.

[13] Rezaei, A., Varshosaz, J., Fesharaki,
M., Farhang, A., & Jafari, S. M. (2019).
Improving the solubility and in vitro
cytotoxicity (anticancer activity) of
ferulic acid by loading it into
cyclodextrin nanosponges. International
journal of nanomedicine, 4589-4599.

[14] Moser, P., Souza, R. T. D., & Nicoletti
Telis, V. R. (2017). Spray drying of
grape juice from hybrid cv. BRS
Violeta: microencapsulation of
anthocyanins using protein/maltodextrin
blends as drying aids. Journal of Food
Processing and Preservation, 41(1),
e12852.

[15] Bakowska-Barczak, A. M., &
Kolodziejczyk, P. P. (2011). Black
currant polyphenols: Their storage
stability = and  microencapsulation.
Industrial crops and products, 34(2),
1301-1309.



Iranian journal of food science and industry

Number 148, Volume 21, June 2024

[16] Giusti, M. M., & Wrolstad, R. E.
(2003). Acylated anthocyanins from
edible sources and their applications in
food systems. Biochemical engineering
journal, 14(3), 217-225.

[17] He, B., Zhang, L.-L., Yue, X.-Y.,
Liang, J., Jiang, J., Gao, X.-L., & Yue,
P.-X. (2016). Optimization  of
ultrasound-assisted extraction of
phenolic compounds and anthocyanins
from blueberry (Vaccinium ashei) wine
pomace. Food Chemistry, 204, 70-76.

[18] Khazaei, K. M., Jafari, S., Ghorbani,
M., & Kakhki, A. H. (2014). Application
of maltodextrin and gum Arabic in
microencapsulation of saffron petal's
anthocyanins and evaluating their
storage stability and color.
Carbohydrate polymers, 105, 57-62.

[19] Pérez-Masia, R., Lopez-Nicolés, R.,
Periago, M. J., Ros, G., Lagaron, J. M.,
& Lopez-Rubio, A. (2015).
Encapsulation of folic acid in food
hydrocolloids through nanospray drying
and electrospraying for nutraceutical
applications. Food Chemistry, 168, 124-
133.

[20] Homayoonfal, M., Mousavi, S. M.,
Kiani, H., Askari, G., Desobry, S., &
Arab-Tehrany, E. (2021). Encapsulation
of berberis vulgaris anthocyanins into
nanoliposome composed of rapeseed
lecithin: A comprehensive study on
physicochemical characteristics and
biocompatibility. Foods, 10(3), 492.

[21] Zoghi, A., Khosravi-Darani, K., &
Omri, A. (2018). Process variables and
design of experiments in liposome and
nanoliposome research. Mini reviews in
medicinal chemistry, 18(4), 324-344.

[22] Hasan, M., Messaoud, G. B., Michaux,
F., Tamayol, A., Kahn, C. J., Belhaj, N.,
Linder, M., & Arab-Tehrany, E. (2016).
Chitosan-coated liposomes
encapsulating curcumin: Study of lipid—
polysaccharide interactions and
nanovesicle behavior. RSC advances,
6(51), 45290-45304.

59

[23] Reza Mozafari, M., Johnson, C.,
Hatziantoniou, S., & Demetzos, C.
(2008). Nanoliposomes and their
applications in food nanotechnology.
Journal of liposome research, 18(4),
309-327.

[24] Mahdi, A. A., Mohammed, J. K., Al-
Ansi, W., Ghaleb, A. D., Al-Magqtari, Q.
A., Ma, M., Ahmed, M. I., & Wang, H.
(2020). Microencapsulation of fingered
citron extract with gum arabic, modified
starch, whey protein, and maltodextrin
using spray drying. International
journal of biological macromolecules,
152, 1125-1134.

[25] Bryta, A., Lewandowicz, G., & Juzwa,
W. (2015). Encapsulation of elderberry
extract into phospholipid nanoparticles.
Journal of Food Engineering, 167, 189-
195.

[26] Emami, S., Azadmard-Damirchi, S.,
Peighambardoust, S. H., Valizadeh, H.,
& Hesari, J. (2016). Liposomes as
carrier ~ vehicles  for  functional
compounds in food sector. Journal of
Experimental Nanoscience, 11(9), 737-
759.

[27] Lee, P.S., Yim, S. G., Choi, Y., Ha, T.
V. A., & Ko, S. (2012). Physiochemical
properties and prolonged release
behaviours of chitosan-denatured f-
lactoglobulin microcapsules for
potential food applications. Food
Chemistry, 134(2), 992-998.

[28] Delfanian, M., Esmaeilzadeh Kenari,
R., & Sahari, M. A. (2016). Utilization
of Jujube fruit (Ziziphus mauritiana
Lam.) extracts as natural antioxidants in
stability of frying oil. International
Journal of Food Properties, 19(4), 789-
801.

[29]Sepeharifar, Roshank, & Hassanlou.
(2010). Investigation of polyphenol
compounds, anthocyanins and total
flavonoids and antioxidant properties of
the medicinal plantofQaraqat
(Vaccinium arctostaphylos L.) collected
from four different regions of Iran.
Scientific Research Quarterly Journal of
Medicinal Plants, 9(33), 66-74.



Jami et al

Nanoliposome of black fig Anthocyanins...

[30] Zou, L.Q., Liu, W., Liu, W.L., Liang,
R.H., Li, T., Liu, C.M,, Cao, Y.L., Niu,
J. and Liu, Z., (2014). Characterization
and bioavailability of tea polyphenol
nanoliposome prepared by combining an
ethanol injection method with dynamic
high-pressure microfluidization. Journal
of Agricultural and Food
Chemistry, 62(4), pp.934-941.

[31] Yuan, L., Geng, L., Ge, L., Yu, P.,
Duan, X., Chen, J., & Chang, Y. (2013).
Effect of iron liposomes on anemia of
inflammation. International journal of
pharmaceutics, 454(1), 82-89.

[32] Alavi, M., Karimi, N., & Safaei, M.
(2017). Application of various types of
liposomes in drug delivery systems.
Advanced pharmaceutical bulletin, 7(1),
3.

[33] Hamidi, M., Pirozifard, M. K,
Alizadeh Khaledabad, M., & Almasi, H.
(2018). Nano-Liposome of Grape Seed
Extract with a New Formulation and its
Application in the Dough. Research and
Innovation in Food Science and
Technology, 6(4), 403-412.

[34] Cai, Z., Qu, Z., Lan, Y., Zhao, S., Ma,
X., Wan, Q., Jing, P., & Li, P. (2016).
Conventional, ultrasound-assisted, and
accelerated-solvent  extractions  of
anthocyanins  from  purple  sweet
potatoes. Food Chemistry, 197, 266-
272.

[35] Ghorbanzade, T., Jafari, S. M,
Akhavan, S., & Hadavi, R. (2017).
Nano-encapsulation of fish oil in nano-
liposomes and its application in
fortification of yogurt. Food Chemistry,
216, 146-152.

[36] Ghareaghajlou, N., Hallaj-Nezhadi, S.,
& Ghasempour, Z. (2022). Nano-
liposomal system based on
lyophilization of monophase solution
technique for encapsulating
anthocyanin-rich  extract from red
cabbage. Dyes and Pigments, 202,
110263.

[37] Zhao, L., Temelli, F., & Chen, L.
(2017). Encapsulation of anthocyanin in

60

liposomes using supercritical carbon
dioxide: Effects of anthocyanin and
sterol  concentrations.  Journal of
Functional Foods, 34, 159-167.

[38] Alexander, M., Lopez, A. A., Fang, Y.,
& Corredig, M. (2012). Incorporation of
phytosterols in soy phospholipids
nanoliposomes: Encapsulation
efficiency and stability. Lwt, 47(2), 427-
436.

[39] Pezeshky, A., Ghanbarzadeh, B.,
Hamishehkar, H., Moghadam, M., &
Babazadeh, A. (2016). Vitamin A
palmitate-bearing nanoliposomes:
Preparation and characterization. Food
bioscience, 13, 49-55.

[40] Demirci, M., Caglar, M. Y., Cakir, B.,
&Giilseren, 1. (2017). Encapsulation by
nanoliposomes. Nanoencapsulation
technologies for the food and
nutraceutical industries, 74-113.

[41] Bochicchio, S., Barba, A. A., Grassi,
G., & Lamberti, G. (2016). Vitamin
delivery: Carriers based on
nanoliposomes produced via ultrasonic
irradiation. LWT-Food Science and
Technology, 69, 9-16.

[42] Homayoonfal, M., Mousavi, M.,
Kiani, H., Askari, G., Desobry, S., &
Arab-Tehrany, E. (2022). Modifying the
Stability and Surface Characteristic of
Anthocyanin Compounds Incorporated
in the Nanoliposome by Chitosan
Biopolymer. Pharmaceutics, 14(8),
1622.

[43] Osorio, C., Acevedo, B., Hillebrand,
S., Carriazo, J., Winterhalter, P., &
Morales, A. L. (2010).
Microencapsulation by spray-drying of
anthocyanin  pigments from corozo
(Bactris guineensis) fruit. Journal of
Agricultural and Food Chemistry,
58(11), 6977-6985.

[44] Kayisoglu, S., & Coskun, F. (2020).
Determination of physical and chemical
properties of kombucha teas prepared
with different herbal teas. Food Science
and Technology, 41, 393-397.

[45] Zbhao, Z.-j., Sui, Y.-c., Wu, H.-w.,
Zhou, C.-b., Hu, X.-c.,, & Zhang, J.



Iranian journal of food science and industry

Number 148, Volume 21, June 2024

(2018). Flavour chemical dynamics
during fermentation of kombucha tea.
Emirates Journal of Food and
Agriculture, 732-741.

[46] Jayabalan, R., Marimuthu, S., &
Swaminathan, K. (2007). Changes in
content of organic acids and tea
polyphenols during kombucha tea
fermentation. Food Chemistry, 102(1),
392-398.

[47] Oancea, S., Grosu, C., Ketney, O., &
Stoia, M. (2013). Conventional and
ultrasound-assisted extraction of
anthocyanins from blackberry and sweet
cherry cultivars. Acta Chimica
Slovenica, 60(2), 383-389.

[48] Mohammadi, M., Ghanbarzadeh, B.,
& Hamishehkar, H. (2014). Formulation
of nanoliposomal vitamin D3 for
potential application in  beverage
fortification. Advanced pharmaceutical
bulletin, 4(Suppl 2), 569.

[49] Chen, X., Zou, L.-Q., Niu, J., Liu, W.,
Peng, S.-F., & Liu, C.-M. (2015). The
stability, sustained release and cellular
antioxidant  activity of curcumin
nanoliposomes.  Molecules,  20(8),
14293-14311.

[50] Chanda, H., Das, P., Chakraborty, R.,
& Ghosh, A. (2011). Development and
evaluation of liposomes of fluconazole.
J Pharm Biomed Sci, 5(27), 1-9.

61



VeoY :l:/} AR 0,93 NEA cJ\La.fJ s\;\‘j_i\ Jl'\& CL..&){:}LOM

www.fsct.modares.ac.ir :aksws colu

brsoslS Gbed 5 53 0T 3,8 5 ol ol il 8T LS 5 095 5 50

Tl Olgs T ST o ol el aible

Lil:{b)\&j}u\cK@\:'NGu;&j))wem‘b—dlb@ujfjlﬁ .,L.::J\l uwb.&)\fé}h.blb gjbujﬂb—\
Jﬁb)‘g}smamlb 'N C’L"JLS)JJL:“S"J&*:‘-"Q_@‘M@L‘DJC}X;‘ st ‘J}kkiﬁf‘;@_\‘
hon) s oKl - Ak b 5 G3oslES 2Ll - Ll s 5 p sk 05 S L (sald Ol Y

oS>

. e

dlas Ol

Sl o 5 o gen 51 (ol ool 61U, oS tizes w3 Jled LS 5 51 Wil g
b

sl ge 513 b 5o ol G byl 5T o8 bl 513 0 ul
ol o oo il L i 3 b LaalnSS ) Olge 4 LS 5 ol 5l eslizad 130 o5l
Sl 325 l Coedl Gl Lap 35 b il 5T SLS 5 Sl 55 el iy oo

LS5 oMl Rl s WL 5 e S, oo sisd b dled oy LS 5

Pllis sla gyl

VEYR/Y i sl

\RAAVARVA S-SR 'c_)ls

o el dad sladdl 3 oS daeen b sladed Slad 555 g e ool g8
A = gla ol [ Lap g Sl SRa g cnl 53 s e JSCES Y s la bl
a8 (D Gy G Sl eslial b s mdS—pmed S5 S5 deps £ 5 VTY
sl A5 D3 Sla S5y and Sl B Jemilty 5 o3l pand (S0 g 3T e S
O3 o3l 35 5 (Sl gsden o Kle) 3 o3l Kle (b 5 &) 50
=8V 5 e gl WY-VEr o3 gdos 53 ol 5 4 od g ndS— pend Cilises glacas 6l 5
el G s e =Y B =Y espdous 3 55 ) el polie iz S 515 08

(gl wlads
ST

ol ol o sLas
o il 551

LrsslS Sl 5

(33T i (5 loes 32 31 g lSiid VA s 5350 55 5
23S I3 sy gt 3590 dama (slas 53 (IS 555N b 3 edd ) ame (il 5T
oslatal b 50lS Said g O gy g0 3 55 Jg medS— o V-4 e bl sls 4sal
Al S XS 3 bl s e sl Shs R el g bt s
b AL edalie badigad o 55 Sol e 2l S s s Sl bl
Sl 0553 53 G (e lap i U o 5ls 0L (Shags cpl s el oy

dizes Lyl g5

10.22034/FSCT.21.148.45.

T obe J sie

bahram1356@yahoo.com _ or

b_fathi@uma.ac.ir

62


mailto:bahram1356@yahoo.com
http://www.fsct.modares.ac.ir/

