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Encapsulation process is employed to preserve flavor from inadmissible
interactions with food, minimizing flavor-flavor interactions, guarding in
contradiction of light-induced reactions or oxidation, and increasing
flavors shelf-life or allowing an organized release. The aim of this study is
to define the preparation and benefits of encapsulation of Pistacia khinjuk
gum essential oil as a flavor via nanoemulsion process. Nanoemulsion
was prepared by sonicating technique with a probe-type ultrasonicator
at varying amounts of surfactant and glycerol. The design expert
software was used to optimize the size of nanoemulsion. The
nanoemulsion was characterized by DLS analysis, and TEM. The
antibacterial activity of nanoemulsion and gum essential oil was
performed at four different levels (0.01, 0.1, 1, and 10 %) on ten strains
of bacteria. The cytotoxicity of gum essential oil and nanoemulsion was
also evaluated toward (-TC3, MCF7, and HT29 cell lines.
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Introduction

Edible additives are widely used in industry as
flavors, colors, antimicrobial materials, vitamins,
and others [1,2] . Flavor is one of key issues in
determining consumer acceptance of a food
product. Preserving of flavors is currently
widespread as a point of food
manufacturers as they are generally delicate and
volatile. For example, if an aroma (flavor)
compound concrete with a food composition, its
volatility decreases and it is not released into the
gas phase. On the other hand, the food matrix is a
totally complicated gadget with many substances,
including carbohydrates, proteins, stabilizers,
thickening agents, and so on. These mentioned
ingredients could interact with flavor mixtures
and alter the flavor index (e.g. detract the
severity and miss favorable flavor taste), which
sometimes can be undesirable for consumers. In
spite of interactions with food compositions, the
flavors are subjected to chemical deterioration
during refinement and depository, and could be
degraded by exposure to light, oxygen, and
elevated temperature. To maintain flavor
properties, encapsulation procedures have been
commonly used to maintain their character and
develop their attractiveness. Different skills have
been employed to encapsulate flavors containing
spray drying,
coacervation, and nanoemulsion. However, the
choice of suitable encapsulation skill belongs
upon the end use of the product and the
processing conditions involved in the making of
the product [3-6]. Nowadays, most existing flavor
compounds are manufactured via chemical
synthesis plant
sources. The toxicity and adverse side effects of
synthetic additives have led to more people
desiring for using natural [7-9].
Essential oils with suitable properties such as
high antibacterial character and low cytotoxicity
have been identified as an excellent natural

focal

extrusion, freeze-drying,

or extraction from natural

additives

additive alternative to synthetic flavors in the
food industry. Essential oils are oily, volatile, and
aroma compounds obtained from the various
organs of plants such as flowers, seeds, leaves,
stems, roots, and branches, by physical methods,

including extraction and distillation and widely
used as food flavoring [10-12]. Pistacia Khinjuk is
one of the key species classified into the
Anacardiaceae family that grows in
Mediterranean countries and in Iran, it mainly
distributed in the Zagros region. Its essential oil
has anti-inflammatory, antioxidant, antitumor,
anti-asthmatic, and antimicrobial properties [13,
14] . Besides, they prevent adverse changes in
food including flavor and nutritional value [15].
To obtain the benefits of essential oils, they
should be stable, and nanoemulsions of plant
essential oils are one of new strategies in the food
industry for stabilization. [8,16].
emulsions are used in many industries such as
food, agrochemicals, paint, oils and, preferably in
pharmaceutical applications, as
nanoparticle-based systems [17-19]. The purpose
of this study is to stabilize P. khinjuk gums
essential oil via a nanoemulsion procedure for
application as a flavoring and anti-bacterial
agents in the food industry. Various sections of
the plant, containing resin, leaf, bark, fruit, and
aerial parts can be used as a traditional medicine
and in food industry as flavors [20,21]. They have
been used for a long time as beneficial therapies
for treatment and prevention of various kinds of
diseases such as stomach discomfort, throat
infections, burns, nausea, and toothache [13,22-
25]. Furthermore, various studies have been
conducted to determine their antioxidant and
antimicrobial activity [26,30]. Herein, essential
oil for nanoemulsion preparation was prepared
from the exudates of the trunk. The most
important compounds of the aforementioned
essential oil is y-terpinene. Some parameters
affecting on the nanoemulsion size including the
concentration of glycerol and surfactant (AOT),
and power and time of sonication have been
examined to obtain an optimum particle size

some

Nano-sized

novel

(smaller size). The received data were
statistically analyzed using Response Surface
Methodology (RSM). To characterize the

nanoemulsion, different techniques such as FT-IR
spectroscopy, DLS analysis and TEM were
employed. Furthermore, the antibacterial activity
and cytotoxicity of nanoemulsion and gum
essential oil was performed at different levels of
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specific bacteria and appropriate cell lines,
respectively.

Material and Methods
Materials

P. khinjuk gums were accumulated from the
exudates of the trunk of the P. khinjuk tree (from
Oshtoran-Kooh Mountain,
Iran). Dioctyl sulfosuccinate sodium
(AOT) purchased
(Germany). Glycerol was purchased from Kian
Kaveh Azma (Iran). The water used for all
experiments was deionized water. DMEM
(Dulbecco's Modified Eagle's Medium) and
Roswell Park Memorial Institute medium (RPMI)
were obtained from Gibco, Scotland. Thiazolyl
blue (MTT) was acquired from Merck, Germany.

in Azna, Lorestan
Province,
from Merck

salt was

Method
Extraction of the Essential Oil

To obtain essential oil, 30 g of fresh P. khinjuk
gum was transferred to the Clevenger-type
apparatus, and gum was distilled with water and

Preparation of Nanoemulsion

Nanoemulsion formulations were accumulated
using spontaneous emulsification according to
[32]. Briefly,
dispersions of nanoemulsion were composed of
2.5% (w/w) essential oil gum, glycerol at varied
concentrations of 15-75% (w/w), AOT surfactant
5-10% (w/w), and different volumes of distilled
water (the total volume of dispersion was kept 2
mL). The amount of essential oil was kept
constant (50 pL; 2.5% (w/w)) at all levels of the
testes. To obtain nanoemulsion, the prepared
emulsion was placed in an ice-water bath and
sonicated with a probe-type ultrasonicator (GM
2070, Bandelin, Germany) at 20 kHz for a specific
time (60-80 s) and at specific power (20-60%).
Figure 1 presents schematic illustration of the
nanoemulsion preparation. The mean particle
sizes of nanoemulsion were measured at 25 °C
using Zetasizer (Zetasizer,
Instruments Ltd., Worcestershire, UK). However,
the effects of glycerol and surfactant
concentration, time, and power of sonication
were optimized to obtain a desirable average

Bouchemal et al aqueous

Nano-ZS, Malvern

maintained for 3 hours. The collected essential oil  particle size (lower particle size) in
was dried using anhydrous sodium sulfate and  panoemulsion sample.
kept in amber vials at 4 °C. The extraction
procedure was based on the British
Pharmacopoeia [31] .

Glycerol

H,0

AOT 1 —

Oil

Emulsion Nanoemulsion
Figure 1: A schematic illustration of nanoemulsion preparation

Experimental Design composite design (CCD). As a result, to minimize

The Design-Expert software (Version 8.0.7.1, stat
Ease, Inc.,, USA) was used to optimize the size of
particles in nanoemulsions. The result of different
factors on the response function (size of
nanoemulsion) was examined using reply surface

methodology (RSM) coupled with central

the number of experiments and variables before
experimental design,
affecting variables was done based on several
experiments and the effect of different variables

selection of the most

on response was examined, singly. In
(glycerol, AOT,

ultrasonicator power, and time of sonication),
526 | Page
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having the most significant role in the size of
nanoemulsions (response variable), were chosen.
A assembled of 30 experiments were conducted

singly to get the experimental response of size.
The range of designed variables is listed in Table
1.

Table 1: The experimental parameters and the ranges of various levels

) Level and range (coded)
Variable Factor code
-1 0 +1
The percentages of glycerol (%) A 15 45 75
The percentages of AOT surfactant (%) B 5 7.5 10
The power of ultrasonicator (%) C 20 40 60
The time of sonication (s) D 60 120 180

In addition, the software could organize a
graphical analysis of the experimental data,
helpful to specify the optimum
combinations of variables [33]. The model's
accuracy in fitting the polynomial equation could
be evaluated by multiple correlation coefficients,
Rz, and adjusted Ro.

which is

Particle Size Measuring

The mean particle size of nanoemulsion was
studied using a dynamic light scattering (DLS) at
25 °C with a 632.8 nm He-Ne laser beam
equipped with a backscatter detector (173 ). The
optimized nanoemulsion sample was analyzed
one day after preparation and subsequently on
six weeks to study their stability.

GC-MS Analysis

GC-MS was used to analyze the chemical
composition of essential oil. The GC-MS was used
with a gas chromatograph
spectrometer. The GC/MS was performed with
helium as the carrier gas at a rate of 0.9 mL/min.
The temperature ramp was started at 50°C and
the column was held at 280°C for 5.83 min. The
splitless injection was performed and the mass
spectrometer was set at 70 V and used with a MZ
40-400 mass range. The scan rate was 0.2 s. The

and a mass

temperature of transmission line and the
ionization source temperature were 280 and
230°C, respectively. cComponents were identified
by comparing their historical mass spectra with
those of the reference compounds in the National
Institute of Standards and Technology (NIST)

mass spectral library. Similarity was greater than

or equal to 80%. The relative percentages of the
substances were expressed as percentages by
based on the normalization of peak area.

Transmission Electron Microscopy (TEM)

The morphology and structure of nanoemulsion
sample were detected by TEM microscope. The
nanoemulsion solution was employed on a
carbon-coated copper grid, and then was dried at
room temperature. The TEM images were
acquired using a Zeiss-EM10C TEM (80 KV,
Germany).

Cell Culture Conditions

B-TC (a mouse beta-pancreatic cell line), MCF7 (a
human breast cancer cell line), and HT29 (a
human colon adenocarcinoma cell line) were
purchased from the Pasteur Institute in Iran.
HT29 cells were grown in DMEM and (-TC
preserved in high glucose Roswell Park Memorial
Institute medium (RPMI) (Gibco, Scotland)
completed by 10% (v/v) FBS (fetal bovine
serum) and penicillin/streptomycin (100 U/ml,
100mg/ml) at 37°C in a humidified atmosphere
of 5% CO>. The cells were subcultured frequently
using trypsin-ethylenediamine tetraacetic acid
(EDTA-PBS) solution (Ben Yakhte, Iran).

Cell Viability Assay

The thiazolyl blue assay is used to measure the
viability of cells. This test involves adding a MTT
to cells, and then measuring how much of blue
insoluble formazan in the produced cells [34].
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Antibacterial Test

E. coli, Enterococcus, Citrobacter ferundii, Serratia
Pseudomonas aeruginosa, Entero
typhi, mirabilis,

marscecens,

cocci, Salmonella Proteus

Acinobacter
(from
Microbiology Laboratory of Imam Khomeini
Hospital (Kermanshah, Iran)) were used in this
study (Table 2).

Staphylococcus and

boumannii

aureus,

as standard strains

Table 2: The bacteria types and their standard strain code for antibacterial tests

No. Bacteria Type Standard Strains Code
1 E.coli ATCC:25922
2 Enterococcus ATCC: 23355
3 Citrobacter ferundii ATCC:8090
4 Serratia marcescens ATCC:13880
5 Pseudomonas aeruginosa ATCC:10662
6 Entero cocci ATCC:6057
7 Salmonella typhi Clinical
8 Proteus mirabilis ATCC:7002
9 Staphylococcus aureus ATCC:6538

10 Acinobacter bsumsnnii ATCC :BAA-747

For this purpose, serial dilutions (0.01, 0.1, 1,and  Experimental Design

10%) of essential oil of gum and nanoemulsion
samples were made in Mueller-Hinton Broth
containing 5% DMSO for bacteria, in 96-well
microtiter plates. 20 pl
suspensions were prepared from overnight
grown containing 1.5 x 108
organisms/mL and added to each well of 96-well
microtiter plates.

The final volume of culture was 200 pL per each
well. The ampicillin and DMSO were used as
positive and negative controls, respectively. MTT
(Sigma, U.S.A.) (3-(4,5-dimethylthiazol-2-yl)-2,5-

of new microbial

cultures

diphenyltetrazolium bromide) assay was
performed to assess the MIC of essential oil of
gum and nanoemulsion samples. The

nanoemulsion concentration, which completely
inhibits the growth of microorganisms (MIC), was
determined by a micro-well dilution method and
values were determined by broth microdeletion
assay recommended by the CLSIL. The MBC is
defined as the lowest concentration of sample at
which microorganism is completely killed.

MTT was dissolved in PBS (pH 7.2) to obtain a
concentration of 5.0 mg/mL. 20 pL of the MTT
solution was then added to each culture well, and
the plates incubated for 1 h at 37 °C. The MIC was
taken for well, where no change in color of yellow
MTT solution was observed. The MIC and MBC
determination were duplicate.

Fitting the Response Surface Models

In this study, a central composite design was used
to analyze the effect of different variables on the
nanoemulsion size. This was done by creating a
model that fit the data, and then choosing the
best conditions for nanoemulsion production.
Variables included the percentage of glycerol,
surfactant, the ultrasonicator power, and the
sonication time. The results showed that having a
higher percentage of glycerol led to smaller
nanoemulsions, while stronger
ultrasonicator caused them to form larger
droplets (Table 3). Sonication for a longer time
also resulted in smaller nanoemulsions.

The equation 1 that fit the data well was a
quadratic polynomial. This equation is given as
follows in terms of codes and actual factors:

using a

Size = +186.58 - 27.28 A - 25.07 B - 15.11 C -
32.01 D + 7.18 BC + 21.94 B2 +24.59 D2 (1)

Where, A is the percentages of glycerol, B is the
percentage of surfactant (AOT), C is the power of
ultrasonicator, and D is the sonication time,
respectively.
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Table 3: The set of experiments and particle sizes of obtained nanoemolsions

Factor A* Factor B** Factor C*** Factor D**** Particle Size (nm)

1 75 10 20 180
2 45 7.5 40 120
3 75 10 60 180
4 45 7.5 40 120
5 15 5 60 180
6 15 5 20 180
7 15 5 60 60
8 45 5 40 120
9 75 5 60 60
10 45 7.5 40 120
11 15 10 20 60
12 15 10 60 180
13 45 7.5 20 120
14 45 10 40 120
15 15 5 20 60
16 15 10 20 180
17 75 5 20 60
18 45 7.5 60 120
19 45 7.5 40 120
20 45 7.5 40 180
21 15 7.5 40 120
22 75 7.5 40 120
23 75 10 20 60
24 45 7.5 40 120
25 75 5 60 180
26 75 5 20 180
27 15 10 60 60
28 75 10 60 60
29 45 7.5 40 60
30 45 7.5 40 120

*Glycerol percentages (%)

**A0T percentages (%)

***Power of ultrasonicator (%)

*#**Sonication time (s)

The analysis of variance was used to see if the
model terms were statistically significant (Table
4). This showed that variables in the model were

affecting the responses (p-values<0.05), which is
important because it means that the terms are
actually affecting the data. According to the p-
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values, all of the terms in the model were
significant. However, the terms with the biggest

effect were the ones that affected the particle size
of nanoemulsion the most.

Table 4: The ANOVA results of the designed model

Source Squares DF Mean Square F-Value P-Value Prob>F
Model 61500.85 7 8785.84 49.55 <0/0001 Significant
A* 13393.39 1 13393.39 75.53 <0/0001
B** 11310.08 1 11310.08 63.78 <0/0001
CH** 4110.22 1 4110.22 23.18 <0/0001
Dtk 18438.40 1 18438.40 103.98 <0/0001
BC 823.69 1 823.69 4.64 0.0424
B2 1657.35 1 1657.39 9.35 0.0058
D2 2081.98 1 2081.98 11.74 0.0024
Residual 3901.24 22 177.32
Lack of Fit 3512.33 17 206.61 2.66 0.1421 not significant
Pure Error 388.91 5 77.78
Cor Total 65402.09 29
*Glycerol percentages (%)
*AOT percentages (%)
***Probe ultrasonicator power (%)
*#**Sonication time (s)

Validation of Models

The coefficient of determination (Rz), adjusted R,
and predicted R, of the model was found at
0.9403, 0.9214, and 0.8762, respectively. These
values show a good agreement between the
model and actual results. Prediction error (PE) of
the model can be another criterion to evaluate
the accuracy of model, which is calculated by
Equation 2 [35]:

(Predicted —observed )

PE =

(2)

obsarved

The minimum size of nanoemulsion was obtained
at glycerol percentage of 75%, AOT percentage of
10%, sonication power of 60%, and sonication
time of 180 s. The experimental and predicted
size of nanoemulsion was 140 and 144.9 nm,
respectively. The prediction error was 0.034,
which is less than 5%. This means that the model
was able to predict and fit the experimental data.

The graph of expected and actual values of size
from nanoemulsion is displayed in Figure 2.

Using the regression equation, scientists can find
the optimal values for the independent variables
(glycerol and AOT percentages, power, and
sonication time) that affect nanoemulsion size.
The effects of each variable can be seen in two-
dimensional contour plots and three-dimensional
response surface plots. This information can help
scientists make better decisions about what
percentages of glycerol and AOT to use, and how
much power and sonication time to use to create
the perfect nanoemulsion. An emulsion has many
small droplets that are tightly bound together.
Surfactants help to break up the droplets and
make them more surface area. This means that
droplets are more likely to stay together and less
likely to form larger droplets [36]. The glycerol
behaves as a co-solvent and plays the main role in
the appearance and the stability of nanoemulsion.
Furthermore, Figure 3 obviously indicates that

530 | Page
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the nanoemulsion size can be increased by achieved at glycerol percentage of 75%, AOT
decreasing the ultrasonicator power. However, percentage of 10%, sonication power of 60%, and
the minimum particle size of nanoemulsion was sonication time of 180 s.

Predicted vs. Actual

350.00

297.00

245.00

Predicted

192.50 -

140.00 -

T T 1 T T
140.81  191.36  241.91 29145  343.00
Actual

Figure 2: Comparison between model predicted and actual values of nanoemulsion particle sizes

256
232

208

Size

184

5.00

7.50
60.0070.00 57 B:B

Figure 3: The 3D plot of the effect of the percentages of AOT surfactant (B) and the sonication power on
nanoemulsion particle size (C)

Stability of nanoemulsion storage together with an increase in droplet size

To prove the stability of optimum nanoparticles 144.9-266.9 nm. Similarly, Chanasattl'"u etal [37]
during the time, particle size was monitored for and Sakulku et al. [36] reported that in a glycerol
six weeks at 25 °C. Figure 4 shows the stability of concentration of 50% in the aqueous phase and
this nanoemulsion system during the time surfactant concentration of 10%, the mean size of

. . the nanoemulsion particles grew after one month
However, the optimum nanoemulsion sample

demonstrated a good stability within six weeks of of storage.
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Figure 4: Stability of nanoemulsion size within six weeks of storage at 25°C (mean + SD, n = 3)

Morphology of nanoemulsion nanoemulsion is spherical without aggregation

and adhesion. The nanoemulsion size was

Nanoemulsion morphology was observed using measured using Image ] software and the size of

transmission electron microscope to confirm the  panoemulsion based on TEM image was found

presence of nanoemulsion and provide 112 + 3.01 nm. This value 112 nm is closed to
morphological ~ informations [38].  The ({ata from DLS method 144.63 nm =+ 1.22 with

nanoemulsion at optimum conditions was chosen  hydrodynamic radius) and the TEM and DLS
for morphological study. The TEM result is

demonstrated in Figure 5 (A-B). It is obvious that

results (Figure 5C) were in a good agreement.

A 200 nm B 700 nm

Size Distribution by Intensity

20 - - 100
C -
§ 15 1 [ »
g L60 S
= =
= 10 i 2
.*? L 40 2,
E .
E - 20
0 ’ . e 0
1 10 100 1000 10000
Size(d.nm)
e Intensity Z - average: 144.63 nm
Undersize PdI: 0.072

Figure 5: (A-B) TEM images and (C) the DLS of nanoemulsion sample
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GC/MS analysis analysis of essential oil are shown in Figure 76A.

Chemical constituents recognized by GC/MS. The 36 compounds were, identified in the essential oil

results of the qualitative and quantitative of P. khinjuk, ~and the main component was y-

terpinene (69.21%) (Table 5, Figure 6).

Table 5: GC-MS compounds of gum essential oil of P. khinjuk

No. Compounds major RT= Percentage (%)
1 y-Terpinene 7.312 69.21
2 B-Pinene 8.549 6.38
3 Sabinene 8.401 5.51
4 Limonene 10.563 2.16
5 Pra-cymene-8-ol 17.59 0.59
6 o-Pinene 13.514 0.13
7 B-Phellandrene 23.283 1.04
8 Trans-Pinocarveol 15.374 0.36
9 Myrtenal 18.06 0.26
10 Berbenone 18.70 0.22
11 Camphene 7.52 0.1
12 Pinocarvone 16.46 0.02

a) RT = Retention Time

Measurement of antibacterial activity

The results in Table 8 shows the Minimum
Inhibitory Concentration (MIC) and the
Minimum Bactericidal Concentration (MBC) of
gum essential oil against 10 strains of bacteria.
The results of this study showed that essential
oil had a significant inhibitory effect on nine
strains of Enterococcus, Serratia marcescens,
Pseudomonas aeruginosa, Enterobacter cloacea,
E. coli, Salmonella typhi, Proteus mirabilis,
Staphylococcus  aurous, and Acinobacter
baumanii and did not affect only on Citrobacter
ferundii strain. Likewise, Table 6 shows the
nanoemulsion effect on afformentioned strains
of bacteria. The results showed that the
nanoemulsion has a significant inhibitory
potential on all ten strains of bacteria. o-
Pinene, [-pinene, and y-terpinene are the
major combinations of P.khinjuk gum essential
oil. Previous research results showed that a-

pinene in P. khinjuk gum essential oil has a
good antibacterial activity [40]. In addition, P.
khinjuk gum essential oil and nanoemulsion
contain phenolic compounds, terpenoids, and
terpinene which are active against bacteria.
The essential oil can coagulate the cytoplasm
and damage proteins and lipids of bacteria.
Damage to the cell wall and cell membrane
results in the macromolecules permeability
[41]. In recent years, it has been determined
that some nano and microemulsion (oil-in-
water) that are thermodynamically stable and
transparent have antimicrobial properties. For
example, antibacterial properties of
nanoemulsions based on soybean oil, and
stable microemulsions based on tween 80,
pentanol and ethyl oleate have been proved.
The mechanism of action of emulsions is
through the disruption of viruses and bacteria
membranes and discoloration of Bacillus
spores [42].
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Figure 6: GC-MS spectra of P. khinjuk gum essential oil
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Table 6: Antibacterial activity of gum essential oil and nanoemulsion

Strain bacteria Gum essential oil % Nanoemulsion
MIC MBC MIC MBC
E.coli 0.01 0.01 1 1
Enterococcus 0.01 1 1 1
Citrobacter ferundii - - 10 10
Serratia marcescens 0.1 1 1 1
Pseudomonas aeruginosa 10 10 10 10
Enterobacter cloacae 0.1 10 10 10
Salmonella typhi 0.1 1 1 10
Proteus mirabilis 10 10 10 10
Staphylococcus aureus 1 10 10 10
Acinobacter bsumsnnii 10 10 1 1
The cytotoxicity test active cells are, and it is interesting to note that

essential oil and nanoemulsion had little or no
anti-proliferative effect on three different cancer
cell lines. However, nanoemulsion had a higher
cytotoxic activity than pure gum essential oil
This suggests that nanoemulsion can be used as a
flavor in the food industry, with the potential to
have a cytotoxic effect on specific cancer cells
[43].

Three malignant cell lines were incubated with
different concentrations of gum essential oil and
corresponding nanoemulsion samples (1%, 0.5%,
0.25%, and 0.125% (w/v)) for 48 h, and their
cytotoxicity was evaluated using MTT assay
protocol (Figure 7). The MTT assay is a test used
to measure the reduction of a yellow dye called
tetrazolium salts. This test is used to see how
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Figure 7: Cytotoxicity of nanoemulsion and gum essential oil samples on (A) MCF7, (B) HT29, and (C) 3-TC cells
line
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Conclusion

In this study, the possibility of producing
nanoemulsion from P. khinjuk gum essential oil
investigated to incapsulate the
afformentioned essential oil as a flavor in food
industry. Encapsulation is one of the most
prevalent approaches to preserve flavors due to
their volatility, which is a primary concern for
food manufacturers. It is also considered as an
appropriate technique to increase stability during
storage. The production of nanoemulsion oil was
optimized and the minimum particle size of
achieved at

was

nanoemulsion  was glycerol
percentage of 75%, AOT percentage of 10%,
sonication power of 60%, and sonication time of
180 s. In addition, the nanoemulsion sample was
characterized by analyses FT-IR
spectrum, DLS, GC-Mass, and TEM microscopy.
The FT-IR spectra confirmed the existing of the
essential oil in the nanoemulsion. The optimized
nanoemulsion showed size and PDI, at 144.63 nm
and 0.066, respectively, which was in good
agreement with TEM images. The results of
antibacterial activity test showed that this
nanoemulsion had a very good antibacterial
activity, and especially in high concentrations of
nanoemulsion had a significant effect on
inhibiting the growth of microorganisms causing
pathogenicity. The cytotoxicity results of the
nanoemulsion toward B-TC3, MCF7, and HT29
cell lines revealed the nanoemulsion safety. The
results of this study can be used for applying this
essential oil nanoemulsion as a flavoring in the
food industry.

such as

CRediT authorship contribution statement

Masoumeh Khanahmadi and Fatemeh
Shahrezaeia: Conceptualization, Methodology,
Writing- original draft, Writing -review and
editing, Visualization, Project administration,
Funding acquisition. Mahdieh Sharifib and
Ghasem Rezanejade: Formal analysis,
Methodology, editing,

Writing- review and

Visualization.

Acknowledgements

The authors are grateful to the PNU for financial
support of this work.

Conflict of interest

No potential conflict of interest was reported by
the authors.

Funding

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Authors' contributions

All authors contributed to data analysis, drafting,
and revising the article and agreed to be
responsible for all the aspects of this work.

ORCID

Masoumeh Khanahmadi
https://orcid.org/0000-0003-0181-0868
Fatemeh Shahrezaei
https://orcid.org/0000-0003-2001-6336
Mahdieh Sharifi
https://orcid.org/0000-0003-1439-6790
Ghasem Rezanejade Bardajee
https://orcid.org/0000-0001-7331-0059

References

[1]. Wang L., Auty M.A, Kerry ].P., Physical
assessment of composite biodegradable films
manufactured using whey protein isolate, gelatin
and sodium alginate, Journal of Food Engineering,
2010, 96:199 [Crossref], [Google scholar],
[Publisher]

[2]. Sharma K., Babaei A., Oberoi K., Aayush K,
Sharma R., Sharma S., Essential Oil Nanoemulsion
Edible Coating in Food Industry: a Review, Food
Bioprocess Technology, 2022, 15:2375 [Crossref],
[Google scholar], [Publisher]

[3]. Bing L., The influence of selected food
ingredients on the release of aroma compounds
aqueous solutions,
Doctoral dissertation, University of Minnesota,
2017 [Crossref], [Google scholar], [Publisher]

from [(-cyclodextrin in

536 | Page

Archive of SID.ir


https://orcid.org/0000-0003-0181-0868
https://orcid.org/0000-0003-2001-6336
https://orcid.org/0000-0003-1439-6790
https://orcid.org/0000-0001-7331-0059
https://doi.org/10.1016/j.jfoodeng.2009.07.025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical+assessment+of+composite+biodegradable+films+manufactured+using+whey+protein+isolate%2C+gelatin+and+sodium+alginate&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0260877409003641?via%3Dihub
https://doi.org/10.1007/s11947-022-02811-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Essential+Oil+Nanoemulsion+Edible+Coating+in+Food+Industry%3A+a+Review&btnG=
https://link.springer.com/article/10.1007/s11947-022-02811-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+influence+of+selected+food+ingredients+on+the+release+of+aroma+compounds+from+%CE%B2-cyclodextrin+in+aqueous+solutions%2C+&btnG=
https://www.proquest.com/openview/7206286b3d0fe374907aa57b17b6dcc7/1?pq-origsite=gscholar&cbl=18750

Archive of SID.ir

Khanahmadi M., et. al./ Chem. Methodol. 2023, 7(7) 524-539

[4]. Zhou ]., Kong L. Complexation with pre-
formed “empty” V-type starch for encapsulation
of aroma compounds, Food Science Human
Wellness, 2023, 12:488 |[Crossref], [Google
scholar], [Publisher]

[5]. Whaib E.S., Mousa M.A., The Impact of Ozone
Treatment on the Level of Free Fatty Acids the
Number of Peroxide, and the Flavor Compound 2-
Acetyl-1-pyrroline in Local Rice Storage, Chemical
Methodologies, 2022, 6:783 [Crossref], [Google

2020, 4:774
[Publisher]
[13]. Bozorgi M., Memariani Z., Mobli M., Salehi
Surmaghi M.H., Shams-Ardekani M.R., Rahimi R,
Five Pistacia species (P. vera, P. atlantica, P.
terebinthus, P. Khinjuk, and P. lentiscus): a review
of their traditional uses, phytochemistry, and
pharmacology, The Scientific World Journal, 2013,
2013:219815 [Crossref], [Google scholar],
[Publisher]

[Crossref], [Google scholar],

scholar], [Publisher]
[6]. Darjazi B.B., The Effect of Two Mandarin
(Citrus reticulata) Cultivars on Peel Components

[14]. Van H.T., Thang T.D., Luu T.N., Doan V.D., An
overview of the chemical composition and
biological activities of essential oils from Alpinia

and Juice Quality Parameters, International genus (Zingiberaceae), RSC advances, 2021,
journal of Advanced Biological and Biomedical 11:37767 [Crossref], [Google scholar],
Research, 2013, 1:1351 [Crossref], [Google [Publisher]

scholar], [Publisher]

[7]. Teixeira M.I,, Andrade L.R., Farina M., Rocha-
Ledo M.H.M,, Characterization of short chain fatty
acid microcapsules produced by spray drying,
Materials Science and Engineering: C. 2004,
24:653 [Crossref], [Google scholar], [Publisher]
[8]. Madene A., Jacquot M., Scher ]., Desobry S.,
Flavour encapsulation and controlled release-a
review, International journal of food science &
technology, 2006, 41:1 [Crossref], [Google
scholar], [Publisher]

[9]. Gunathilake T., Akanbi T.0., Van Vuong Q.
Scarlett C.J., Barrow C.]J., Enzyme technology in the
production of flavors and food additives. Value-
Addition in Food Products and Processing Through
Enzyme Technology; Elsevier; 2022, 45-55
[Crossref], [Google scholar], [Publisher]

[10]. Tajkarimi M. Ibrahim S.A., Cliver D,
Antimicrobial herb and spice compounds in food,
Food control, 2010, 21:1199 [Crossref], [Google
scholar], [Publisher]

[11]. Sharmeen ].B., Mahomoodally F.M., Zengin
G., Maggi F., Essential oils as natural sources of
fragrance compounds for cosmetics and
cosmeceuticals, Molecules, 2021, 26:666
[Crossref], [Google scholar], [Publisher]

[12]. Rahimi N., Narenjian A., Qomia M., Salehi
Surmaghi M.H. Dadrasd 0. Extraction and
Determination of Essential Oil
hypogaea through Supercritical Fluid Extraction
Coupled with GC-MS, Chemical Methodologies,

of Arachis

[15]. Singh G., Kapoor I, Pandey S., Singh U., Singh
R., Studies on essential oils: part 10; antibacterial
activity of wvolatile oils of some spices,
Phytotherapy Research: An International Journal
Devoted to Pharmacological and Toxicological
Evaluation of Natural Product Derivatives, 2002,
16:680 [Crossref], [Google scholar], [Publisher]
[16]. Singh LR. Pulikkal A.K., Preparation,
stability and biological activity of essential oil-
based nano emulsions: A comprehensive review,
OpenNano, 2022, 8:100066 [Crossref], [Google
scholar], [Publisher]

[17]. Sharma N., Bansal M., Visht S., Sharma P.,
Kulkarni G., Nanoemulsion: A new concept of
delivery system, Chronicles of Young Scientists,
2010, 1:2 [Google scholar], [Publisher]

[18]. Thakur P. Sonawane S. Potoroko I,
Sonawane S.H., Recent advances in ultrasound-
assisted synthesis of nano-emulsions and their
industrial applications, Current Pharmaceutical
Biotechnology, 2021, 22:1748 [Crossref], [Google
scholar], [Publisher]

[19]. Ayoub H.A., Khairy M., Rashwan F.A., Abdel-
Hafez H.F., Nanomaterial-based Agrochemicals
New Avenue for Sustainable Agriculture: A Short
Review, Journal of Chemical Reviews, 2022, 4:191
[Crossref], [Google scholar], [Publisher]

[20]. Ezatpour B., Saedi Dezaki E., Mahmoudvand
H., Azadpour M., Ezzatkhah F,, In vitro and in vivo
antileishmanial effects of Pistacia khinjuk against
Leishmania tropica and Leishmania major,

Evidence-Based Complementary and Alternative

537 | Page

Archive of SID.ir


https://doi.org/10.1016/j.fshw.2022.07.050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Complexation+with+pre-formed+%E2%80%9Cempty%E2%80%9D+V-type+starch+for+encapsulation+of+aroma+compounds%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Complexation+with+pre-formed+%E2%80%9Cempty%E2%80%9D+V-type+starch+for+encapsulation+of+aroma+compounds%2C&btnG=
https://www.sciencedirect.com/science/article/pii/S2213453022001628
https://doi.org/10.22034/chemm.2022.350942.1573
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Impact+of+Ozone+Treatment+on+the+Level+of+Free+Fatty+Acids%2C+the+Number+of+Peroxide%2C+and+the+Flavor+Compound+2-Acetyl-1-pyrroline+in+Local+Rice+Storage&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Impact+of+Ozone+Treatment+on+the+Level+of+Free+Fatty+Acids%2C+the+Number+of+Peroxide%2C+and+the+Flavor+Compound+2-Acetyl-1-pyrroline+in+Local+Rice+Storage&btnG=
http://www.chemmethod.com/article_154162.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Effect+of+Two+Mandarin+%28Citrus+reticulata%29+Cultivars+on+Peel+Components+and+Juice+Quality+Parameters%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Effect+of+Two+Mandarin+%28Citrus+reticulata%29+Cultivars+on+Peel+Components+and+Juice+Quality+Parameters%2C+&btnG=
https://www.cabdirect.org/cabdirect/abstract/20143280266
https://doi.org/10.1016/j.msec.2004.08.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+short+chain+fatty+acid+microcapsules+produced+by+spray+drying&btnG=
https://www.sciencedirect.com/science/article/pii/S092849310400075X?via%3Dihub
https://doi.org/10.1111/j.1365-2621.2005.00980.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flavour+encapsulation+and+controlled+release+%E2%80%93+a+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flavour+encapsulation+and+controlled+release+%E2%80%93+a+review&btnG=
https://ifst.onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2005.00980.x
https://doi.org/10.1016/B978-0-323-89929-1.00016-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chapter+4+-+Enzyme+technology+in+the+production+of+flavors+and+food+additives&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780323899291000160?via%3Dihub
https://doi.org/10.1016/j.foodcont.2010.02.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+herb+and+spice+compounds+in+food&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+herb+and+spice+compounds+in+food&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0956713510000459?via%3Dihub
https://doi.org/10.3390/molecules26030666
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Essential+Oils+as+Natural+Sources+of+Fragrance+Compounds+for+Cosmetics+and+Cosmeceuticals&btnG=
https://www.mdpi.com/1420-3049/26/3/666
https://doi.org/10.22034/chemm.2020.113872
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Extraction+and+Determination+of+Essential+Oil+of+Arachis+hypogaea+through+Supercritical+Fluid+Extraction+Coupled+with+GC-MS&btnG=
http://www.chemmethod.com/article_113872.html
https://doi.org/10.1155/2013/219815
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Five+Pistacia+species+%28P.+vera%2C+P.+atlantica%2C+P.+terebinthus%2C+P.+khinjuk%2C+and+P.+lentiscus%29%3A+a+review+of+their+traditional+uses%2C+phytochemistry%2C+and+pharmacology%2C+&btnG=
https://www.hindawi.com/journals/tswj/2013/219815/
https://doi.org/10.1039/D1RA07370B
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+overview+of+the+chemical+composition+and+biological+activities+of+essential+oils+from+Alpinia+genus+%28Zingiberaceae%29%E2%80%A0&btnG=
https://pubs.rsc.org/en/content/articlelanding/2021/RA/D1RA07370B
https://doi.org/10.1002/ptr.951
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Studies+on+essential+oils%3A+Part+10%3B+Antibacterial+activity+of+volatile+oils+of+some+spices&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/ptr.951
https://doi.org/10.1016/j.onano.2022.100066
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation%2C+stability+and+biological+activity+of+essential+oil-based+nano+emulsions%3A+A+comprehensive+review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation%2C+stability+and+biological+activity+of+essential+oil-based+nano+emulsions%3A+A+comprehensive+review&btnG=
https://www.sciencedirect.com/science/article/pii/S2352952022000287?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanoemulsion%3A+A+new+concept+of+delivery+system%2C+&btnG=
https://www.researchgate.net/profile/Giriraj-Kulkarni-2/publication/42621278_Nanoemulsion_A_new_concept_of_delivery_system/links/5429a0540cf27e39fa8e64c6/Nanoemulsion-A-new-concept-of-delivery-system.pdf
https://doi.org/10.2174/1389201021666201104150102
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+Advances+in+Ultrasound-Assisted+Synthesis+of+Nano-Emulsions+and+their+Industrial+Applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+Advances+in+Ultrasound-Assisted+Synthesis+of+Nano-Emulsions+and+their+Industrial+Applications&btnG=
https://www.eurekaselect.com/article/111191
https://doi.org/10.22034/JCR.2022.336130.1163
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanomaterial-based+Agrochemicals+New+Avenue+for+Sustainable+Agriculture%3A+A+Short+Review&btnG=
http://www.jchemrev.com/article_148582.html

Archive of SID.ir

Khanahmadi M., et. al./ Chem. Methodol. 2023, 7(7) 524-539

Medicine, 2015, 2015:149707 [Crossref], [Google
scholar], [Publisher]

[21]. Younessi-Hamzekhanlu M., Abdipour M,
Dejahang A., Sabzi-Nojadeh M., Amani M., Herbals
Used in Western Iran as Food and for Health
In Biodiversity,
Sustainability in Asia: Volume 1: Prospects and
Challenges in West Asia and Caucasus, (pp. 547-
599), Cham: Springer International Publishing,
2021 [Crossref], [Google scholar], [Publisher]
[22]. Hacibekiroglu I, Yilmaz P.K., Ha, imi N,
Kiling E., Tolan V., Kolak U., In vitro biological
activities and fatty acid profiles of Pistacia
terebinthus fruits and Pistacia khinjuk seeds,
Natural product research, 2015, 29:444
[Crossref], [Google scholar], [Publisher]

[23]. Mirian M., Behrooeian M., Ghanadian M.,
Dana N., Sadeghi-Aliabadi H., Cytotoxicity and
antiangiogenic effects of Rhus coriaria, Pistacia
vera and Pistacia Kkhinjuk oleoresin methanol
extracts, Research in pharmaceutical sciences,
2015, 10:233 [Google scholar]

[24]. Tohidi M. Khayami M., Nejati V,
Meftahizade H. Evaluation of antibacterial
activity and wound healing of Pistacia atlantica
and Pistacia khinjuk, Journal of Medicinal Plants

Treatments. Conservation and

[29]. Dascalescu L., Tilmatine A, Aman F,
Mihailescu M., Optimization of electrostatic
separation processes using response surface
modeling, [EEE Transactions on Industry
Applications, 2004, 40:53 [Crossref], [Google
scholar], [Publisher]

[30]. Tiwari A.K., Kumar A., Raheman H., Biodiesel
production from jatropha oil (Jatropha curcas)
with high free fatty acids: an optimized process,
Biomass and bioenergy, 2007, 31:569 [Crossref],
[Google scholar], [Publisher]

[31]. Andi S.A., Maskani F., Essential oil chemical
diversity of twenty Iranian Origanum vulgare L.
subsp. viride populations, Biochemical
Systematics Ecology, 2021, 98:104323 [Crossref],
[Google scholar], [Publisher]

[32]. Bouchemal K., Briancon S., Perrier E., Fessi
H,, Nano-emulsion formulation using
spontaneous emulsification: solvent, oil and
surfactant optimisation, International journal of
pharmaceutics, 2004, 280:241 [Crossref], [Google
scholar], [Publisher]

[33]. Dwivedi G., Sharma M., Application of Box-
Behnken design in optimization of biodiesel yield
from Pongamia oil and its stability analysis, Fuel,
2015, 145:256 [Crossref], [Google scholar],

[34]. Shahbazi B. Taghipour M. Rahmani H,

Research, 2011, 5:4310 [Google scholar], [Publisher]
[Publisher]
[25]. Pirbalouti A.G, Aghaee K., Chemical Sadrjavadi K,

composition of essential oil of Pistacia khinjuk
stocks grown in Bakhtiari Zagross Mountains,
Iran, Electronic Journal of Biology, 2011, 7:67
[Google scholar], [Publisher]

[26]. Hatamnia A.A., Abbaspour N., Darvishzadeh
R., Antioxidant activity and phenolic profile of
different parts of Bene (Pistacia atlantica subsp.
kurdica) fruits, Food chemistry, 2014, 145:306
[Crossref], [Google scholar], [Publisher]

[27]. Hosseini F. Adlgostar A. Sharifnia F,
Antibacterial activity of Pistacia atlantica extracts
on Streptococcus mutans biofilm, International
Research Journal of Biological Sciences, 2013, 2:1
[Google scholar], [Publisher]

[28]. Bezerra M.A. Santelli R.E. Oliveira E.P,
Villar L.S., Escaleira L.A., Response surface
methodology (RSM) as a tool for optimization in
analytical Talanta, 2008, 76:965
[Crossref], [Google scholar], [Publisher]

chemistry,

Fattahi A. Preparation and
characterization of silk fibroin/oligochitosan
nanoparticles for siRNA delivery, Colloids and
Surfaces B: Biointerfaces, 2015, 136:867
[Crossref], [Google scholar], [Publisher]

[35]. Sakulku U., Nuchuchua O., Uawongyart N.,
Puttipipatkhachorn S,  Soottitantawat A,
Ruktanonchai U., Characterization and mosquito
repellent activity of citronella oil nanoemulsion,
International journal of pharmaceutics, 2009,
372:105 [Crossref], [Google scholar], [Publisher]
[36]. Sakulku U, Nuchuchua O, Uawongyart N,
Puttipipatkhachorn S, Soottitantawat A,
Ruktanonchai U. Characterization and mosquito

repellent activity of citronella oil nanoemulsion,
International  journal of  pharmaceutics,
2009;372:105
https://doi.org/10.1016/j.ijpharm.2008.12.029.

[Crossref], [Google scholar], [Publisher]

538 | Page

Archive of SID.ir


https://doi.org/10.1155/2015/149707
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Vitro+and+In+Vivo+Antileishmanial+Effects+of+Pistacia+khinjuk+against+Leishmania+tropica+and+Leishmania+major&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+Vitro+and+In+Vivo+Antileishmanial+Effects+of+Pistacia+khinjuk+against+Leishmania+tropica+and+Leishmania+major&btnG=
https://www.hindawi.com/journals/ecam/2015/149707/
https://doi.org/10.1007/978-3-030-59928-7_21
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Herbals+Used+in+Western+Iran+as+Food+and+for+Health+Treatments&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-59928-7_21
https://doi.org/10.1080/14786419.2014.947492
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+vitro+biological+activities+and+fatty+acid+profiles+of+Pistacia+terebinthus+fruits+and+Pistacia+khinjuk+seeds&btnG=
https://www.tandfonline.com/doi/abs/10.1080/14786419.2014.947492
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cytotoxicity+and+antiangiogenic+effects+of+Rhus+coriaria%2C+Pistacia+vera+and+Pistacia+khinjuk+oleoresin+methanol+extracts%2C&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+antibacterial+activity+and+wound+healing+of+Pistacia+atlantica+and+Pistacia+khinjuk%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+composition+of+essential+oil+of+Pistacia+khinjuk+stocks+grown+in+Bakhtiari+Zagross+Mountains%2C+&btnG=
https://www.researchgate.net/profile/Abdollah-Ghasemi-Pirbalouti/publication/235329792_Chemical_Composition_of_Essential_Oil_of_Pistacia_khinjuk_Stocks_Grown_in_Bakhtiari_Zagross_Mountains_Iran/links/09e41510df4366782c000000/Chemical-Composition-of-Essential-Oil-of-Pistacia-khinjuk-Stocks-Grown-in-Bakhtiari-Zagross-Mountains-Iran.pdf
https://doi.org/10.1016/j.foodchem.2013.08.031
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antioxidant+activity+and+phenolic+profile+of+different+parts+of+Bene+%28Pistacia+atlantica+subsp.+kurdica%29+fruits&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030881461301100X?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibacterial+activity+of+Pistacia+atlantica+extracts+on+Streptococcus+mutans+biofilm&btnG=
https://www.researchgate.net/profile/Fariba-Sharifnia/publication/303143527_Antibacterial_Activity_of_Pistacia_atlantica_extracts_on_Streptococcus_mutans_biofilm/links/5d07f14a92851cfcc61f5c91/Antibacterial-Activity-of-Pistacia-atlantica-extracts-on-Streptococcus-mutans-biofilm.pdf
https://doi.org/10.1016/j.talanta.2008.05.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Response+surface+methodology+%28RSM%29+as+a+tool+for+optimization+in+analytical+chemistry&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0039914008004050?via%3Dihub
https://doi.org/10.1109/TIA.2003.821812
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+electrostatic+separation+Processes+using+response+surface+modeling&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+electrostatic+separation+Processes+using+response+surface+modeling&btnG=
https://ieeexplore.ieee.org/document/1268179
https://doi.org/10.1016/j.biombioe.2007.03.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biodiesel+production+from+jatropha+oil+%28Jatropha+curcas%29+with+high+free+fatty+acids%3A+An+optimized+process&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0961953407000657?via%3Dihub
https://doi.org/10.1016/j.bse.2021.104323
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Essential+oil+chemical+diversity+of+twenty+Iranian+Origanum+vulgare+L.+subsp.+viride+populations&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0305197821001010?via%3Dihub
https://doi.org/10.1016/j.ijpharm.2004.05.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nano-emulsion+formulation+using+spontaneous+emulsification%3A+solvent%2C+oil+and+surfactant+optimisation&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nano-emulsion+formulation+using+spontaneous+emulsification%3A+solvent%2C+oil+and+surfactant+optimisation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378517304003072?via%3Dihub
https://doi.org/10.1016/j.fuel.2014.12.063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+Box%E2%80%93Behnken+design+in+optimization+of+biodiesel+yield+from+Pongamia+oil+and+its+stability+analysis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0016236114012721?via%3Dihub
https://doi.org/10.1016/j.colsurfb.2015.10.044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+and+characterization+of+silk+fibroin%2Foligochitosan+nanoparticles+for+siRNA+delivery&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927776515302733?via%3Dihub
https://doi.org/10.1016/j.ijpharm.2008.12.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+and+mosquito+repellent+activity+of+citronella+oil+nanoemulsion&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378517308008697?via%3Dihub
https://doi.org/10.1016/j.ijpharm.2008.12.029

Archive of SID.ir

Khanahmadi M., et. al./ Chem. Methodol. 2023, 7(7) 524-539

[37]. Chanasattru W., Decker E.A., McClements
D.],, Inhibition of droplet flocculation in globular-
protein stabilized oil-in-water emulsions by
polyols, Food research international, 2007,
40:1161 [Crossref], [Google scholar], [Publisher]

[38]. Katata-Seru L. Lebepe T.C., Aremu O.S,
Bahadur I, Application of Taguchi method to
optimize garlic essential o0il nanoemulsions,
Journal of Molecular Liquids, 2017, 244:279
[Crossref], [Google scholar], [Publisher]

[39]. Khanahmadi M., Pakravan P. Hemati A,
Azandaryani M.N., Ghamari E., Fumigant toxicity
of Artemisia haussknechtii essential oil and its
nano-encapsulated form, pharmaceuticals, 2017,
2:1776 [Google scholar], [Publisher]

[40]. Panahi M., Barzegar H., Hojjati M., Effect of
Pistacia atlantica gum oil on antimicrobial and
antioxidant properties of edible starch film,
Innovative Food Technologies, 2017, 5:77
[Crossref], [Google scholar], [Publisher]

[41]. Aksoy A., Duran N., Koksal F., In vitro and in
vivo antimicrobial effects of mastic chewing gum
against Streptococcus mutans and mutans
streptococci, Archives of Oral Biology, 2006,
51:476 [Crossref], [Google scholar], [Publisher]
[42]. Huh A.J., Kwon Y.J.,, “Nanoantibiotics”: a new
paradigm for treating infectious diseases using
nanomaterials in the antibiotics resistant era,
Journal of controlled release, 2011, 156:128
[Crossref], [Google scholar], [Publisher]

[43]. Fattahi A, Sakvand T. Hajialyani M,
Shahbazi B., Shakiba M., Tajehmiri A., Shakiba E.,
Preparation and characterization of Pistacia
khinjuk gum nanoparticles response
surface method: Evaluation of its anti-bacterial
performance and  cytotoxicity, = Advanced
Pharmaceutical Bulletin, 2017, 7:159 [Crossref],
[Google scholar], [Publisher]

using

HOW TO CITE THIS ARTICLE

Scale. Chem. Methodol., 2023, 7(7) 524-539

Masoumeh Khanahmadi, Fatemeh Shahrezaei, Mahdieh Sharifi, Ghasem Rezanejade Bardajee. Ultrasound-Assisted
Preparation and Optimization of Natural Flavoring Nanoemulsion for Dairy Products Based on Pistacia Khinjuk in Lab

DOI: https://doi.org/10.22034/CHEMM.2023.382181.1649

URL: http://www.chemmethod.com/article 171622.html

539 | Page

Archive of SID.ir


https://doi.org/10.1016/j.foodres.2007.06.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inhibition+of+droplet+flocculation+in+globular-protein+stabilized+oil-in-water+emulsions+by+polyols&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0963996907001184?via%3Dihub
https://doi.org/10.1016/j.molliq.2017.09.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+Taguchi+method+to+optimize+garlic+essential+oil+nanoemulsions&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732217334293?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fumigant+toxicity+of+Artemisia+haussknechtii+essential+oil+and+its+nano-encapsulated+form%2C+&btnG=
https://d1wqtxts1xzle7.cloudfront.net/81689556/5-2-60-280-libre.pdf?1646470320=&response-content-disposition=inline%3B+filename%3DFumigant_toxicity_of_Artemisia_haussknec.pdf&Expires=1684577511&Signature=RO8yHHzz-lmVn1ezPek6QUDOZGG~s2okuHacKrSuEJZclcb7m2RpOB1ImPiibeI4SS-XBKqnpTRvl9orAO2BWU2OIQThZSrwMj5uF1ViQWzFPbHVcHVFIyR2AxtZMS3mXuj3x8PzqLyp48UpgmZMM~j290d4OMmzZ1g5ZbBwIai444IVDh2C2oSyfFpuEhw3dAtoewyeirDgsX7x1NOuX1AlqYJO4KlmLxxlIzpoWQmjwxx2ZTs0aizW34wdV45EiBnC05A7N7zanrA0NtOp65VQfj-W6Frmmls3euEYVcGEf0AQXRBqsP~fC0A-AObL5ef~Oj6JozYT~BDYKPN87w__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.22104/JIFT.2017.462
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Pistacia+atlantica+gum+oil+on+antimicrobial+and+antioxidant+properties+of+edible+starch+film&btnG=
https://jift.irost.ir/article_462.html
https://doi.org/10.1016/j.archoralbio.2005.11.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=In+vitro+and+in+vivo+antimicrobial+effects+of+mastic+chewing+gum+against+Streptococcus+mutans+and+mutans+streptococci&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003996905002669?via%3Dihub
https://doi.org/10.1016/j.jconrel.2011.07.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%9CNanoantibiotics%E2%80%9D%3A+A+new+paradigm+for+treating+infectious+diseases+using+nanomaterials+in+the+antibiotics+resistant+era&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0168365911004792?via%3Dihub
https://doi.org/10.15171/apb.2017.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+and+Characterization+of+Pistacia+khinjuk+Gum+Nanoparticles+Using+Response+Surface+Method%3A+Evaluation+of+Its+Anti-Bacterial+Performance+and+Cytotoxicity&btnG=
https://apb.tbzmed.ac.ir/Article/APB_8534_20160731132738
https://doi.org/10.22034/CHEMM.2023.382181.1649
http://www.chemmethod.com/article_171622.html

