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ABSTRACT

ARTICLE INFO

The prevalence of depression in our country is an average of 7% of people aged 15 and
older. Almost all depressed patients cannot do their tasks easily due to lack of energy.
One of the types of medicinal plants for treating depression is saffron, which is used in
traditional medicine as an uplifting and reducing sadness. One of the types of medicinal
plants for treating depression is saffron, which is used in traditional medicine as a
happy and reducing sadness. Crocin, as a bioactive compound effective on depression,
is sensitive to temperature, pH and oxygen, and its efficiency decreases. Surfactant
ratio (50% to 200%), stirring speed (500 and 1000 rpm) and stirring time (1, 2 and 3
hours) were used as the variables of primary emulsion production. The optimal ratio
of surfactant to the aqueous phase was 100% and the viscosity increased with
increasing surfactant ratio in all microemulsions. High energy homogenization at high
pressure was used to make the secondary emulsion and to compare and increase the
stability of biopolymers including Soy protein concentrate, Arabic gum and Pectin at
two levels of 5 and 10%. Then the nanoemulsion was added to the chocolate. All
treatments were evaluated using Duncan's test at a significance level of 5%. The results
showed that both surfactants were able to form nanoemulsions. Emulsions stabilized
with pectin showed the highest viscosity and the lowest crocin release in simulated
stomach and intestine conditions. Also, the physicochemical and sensory properties of
chocolate containing nanoemulsion were compared with the control and it had a higher
score than the control.
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1. Introduction

Currently, depression affects 20% of the world's
population and is considered one of the ten main
causes of death [1]. Today, lithium salts,
stimulant  drugs, tricyclic antidepressants,
selective serotonin inhibitors, monoamine
oxidase inhibitors, etc. are used for treatment.
depression are used [2]. These drugs show their
effects after several weeks to several months of
use, and the signs and symptoms of depression
are completely resolved in only one-third of the
users, and there is still a risk of recurrence of the
disease. Recently, atypical antidepressants such
as bupropion, nefazdone and mirtazapine are
available for the treatment of depression.
However, the rate of recovery is low and the risk
of disease return or relapse remains high,
therefore, agents with greater effectiveness and
less toxicity are needed [3]. Some plant extracts
are effective sources of new and promising drugs
in the treatment of depression. Medicinal plants
have attracted the attention of researchers in this
field because they have long been used for the
treatment of various diseases, including
psychological diseases, and compared to
synthetic and chemical drugs. They have fewer
side effects [3]. Previous studies show that
alcoholic and aqueous extracts of saffron stigma
and petals have antidepressant effects in mice [4].
During the investigations, it has been determined
that 94% of the total amount of crocin in saffron
is in the form of glycosylated crocin and 6% is in
the form of free crocin. The effective ingredients
of saffron (antidepressant compounds) are
sensitive to changes in pH, temperature and light,
and its quality decreases [5]. Rahai et al. (2015)
used the microcoating method using chitosan and
sodium alginate to increase the stability of crocin
and determined the optimal formula using the
response surface method. [6]. Rajabi et al. (2015)
used the combination of maltodextrin, gum arabic
and gelatin at two levels of 30 and 40% for the
microcoating of saffron bioactive compounds by
spray drying method. The results showed that the
preservation of crocin in the resulting powder
was strongly influenced by the amount of dry
matter, and the maximum shelf life of dry matter
was 40%, and with the increase of maltodextrin,

the preservation of crocin inside the capsules
increased. [7]. Mehrnia et al. (2017) used whey
powder biopolymers, gum arabic and gum
persian for crocin nano-coating and showed that
double emulsions stabilized with persian gum had
the highest viscosity and the lowest release of
crocin. [8]. Brett (Rajabi, Ghorbani, Jafari,
Mahoonak, & Rajabzadeh, 2015), Rand et al.
(2007) used the concept of cellular automata to
model drug release from erodible microspheres.
In this research, cellular automata was defined in
three-dimensional  conditions and Moore's
neighborhood. Based on the obtained results, a
good correlation was obtained between the
laboratory data obtained from drug release in two
cases where polymer erosion occurs quickly and
slowly. [9]. However, the type of crocin
extraction can greatly affect the bioavailability of
compounds [10]. In recent years, technologies
have emerged that lead to the creation of high-
quality products with a long shelf life. In recent
years, the demand for practical foods has
increased with the introduction of ultra-beneficial
foods and increasing consumer awareness. As
one of the most consumed snacks in the food
basket, chocolate is a suitable product for
enrichment. Today, consumers are looking for
chocolate that preserves health and prevents
diseases. The aim of this research was the
microcoating of crocin using a double-layer
emulsion with the ability to be used in food
systems. The low energy method of spontaneous
emulsification was used to produce the initial
emulsion. Soy protein concentrate biopolymers,
gum arabic and pectin were used to produce
double-layer emulsion, and nanoemulsion
properties and crocin release rate were evaluated.
Then the physicochemical, rheological and
sensory characteristics of chocolate containing
nanoemulsion were evaluated.

2- Materials and methods

2-1- Materials

Crocin (digenthiobioscrostin ester) and dialysis
bag (D0655) from Sigma company, polyglycerol
polyresinoleate  from  Palsgard  Denmark
company, gum arabic, pectin and soy protein
concentrate from Azaran Lotus company.
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2-2- Methods

2-2-1-  Preparation  of  water-in-oil
microemulsion

To prepare  water-in-oil  microemulsion,
lipophilic surfactant polyglycerol ricinoleate
with!HLB 1.5 was used. 10% w/w crocin solution
with PGPR surfactant® It was mixed on a
magnetic stirrer (RET basic, IKA). The aqueous
phase containing surfactant was added dropwise
to the oil phase of 80% w/w. Then the resulting
emulsion was mixed with constant rotation.
Surfactant ratio (50-200%) and stirring speed
(Ultra-Turrax, IKA) (500 and 1000 rpm) and
stirring time (1, 2 and 3 hours) were used as
variables for producing emulsions.

2-2-2- Preparation of two-layer emulsion
10% solutions of pectin, gum arabic and soy
protein concentrate were prepared by dissolving
the samples in distilled water and were kept
overnight in the refrigerator for complete
dehydration. Water-in-oil microemulsion 10%
w/w was added to the aqueous solution of 90%
w/w containing biopolymers and mixed for 5
minutes at 1000 rpm by ultrathorax and then
processed with a high pressure homogenizer 35-
2000 bar (Emulsifex). [8].

2-3- Tests

Nanoemulsion  tests including droplet
measurement by Dynamic Light Scattering
method, viscosity measurement, rheometric
properties and release measurement in stomach
and intestinal conditions were performed using
dialysis bag at 37 temperature and 100 rpm [11].
Chocolate tests including moisture, water
activity, particle size, histometry, color, viscosity
and sensory evaluation of chocolate enriched
with crocin nanoemulsion (extract containing 15
mg of crocin nanoemulsion per 10 grams of
chocolate) were evaluated.

2-4- Statistical evaluation

The effect of various variables including the ratio
of surfactant to aqueous phase (at levels of 50 to
200%), the type of biopolymer (soy protein
concentrate, gum arabic, pectin), the
concentration of biopolymers at levels of 5 and
10% in the production of crocin nanoemulsion

1 HydrophileLypophile balance
2, Polyglycerolpolyricinoleate

and also the effect of adding crocin nanoemulsion
Antidepressant chocolate was measured on
dependent variables in three repetitions and
compared and evaluated with Duncan's multi-
range test and SPSS 22 software. Excel 2007 was
used to draw the graphs. Curve Expert
Professional software (2.6.5) was used to model
the experimental data of crocin flow behavior and
release.

3. Results and Discussion

3-1- Production of microemulsion
3-1-1- Examining the effect of PGPR
concentration

To investigate the effect of PGPR concentration
on the ability to produce microemulsions by the
coacervation method, the ratios of3SWR from 50
to 200 was investigated. Other conditions were
considered constant. The results showed (Table
1) that the smallest diameter related to the ratio of
surfactant to the aqueous phase was 100%, and
with the increase of the ratio of surfactant to the
aqueous phase, the droplet size increased and
reached 66 and 120 nm in ratios of 150 and 200,
respectively.

3-1-2- Examining the effect of stirring speed
In order to check the stirring speed on the
formation of microemulsions in standard
conditions, i.e., the ratio of surfactant to aqueous
phase is 100% and the time is 2 hours, speeds of
500 and 1000 rpm were investigated. The results
showed (Table 1) that at low speed,
nanoemulsion is not formed, in fact, there is no
energy required to separate the dispersed phase
along with the surfactant. At a speed of 500 rpm,
the average particle size was 12.50 nm, and when
the speed increased to 1000 rpm, the droplet size
was 24.4 nm. In fact, the increase in energy
causes the reunification of the droplets before the
movement of the surfactant in the continuous
phase and its placement on the surface of the
newly formed droplets [12].

3-1-3- Examining the effect of stirring time
To investigate the effect of stirring time on the
characteristics of microemulsions, they were
subjected to 1, 2 and 3 hours under standard

3, Surfactant to water ratio
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conditions, i.e. surfactant to aqueous phase ratio
of 100% and speed of 1000 rpm. The results
showed that (Table 1) that with increasing time,

the average droplet size increased from 10.7 to 50
and 65 nm.

Table 1 Effect of SWR, stirring time and particle size of micro-emulsions at standard conditions.
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SWR Stirring speed (rpm) Stirring time (h)
50 100 150 200 500 1000 1 2 3
particl
e size 11.38;:0.0 24 440 02b 66.04::0.2 120.0310.5 12.52;;0.5 24 4+0 02b 10.73;;0.1 24 4+0 02b 65.04:_“0.0
(nm) 1 3 4 1 4 2

“Different letters in the same column indicate significant differences between treatments (P<0.05).

3-1-4- The effect of surfactant concentration
on the viscosity of microemulsions

The viscosity of emulsions has an effective role
in the stability of emulsions and the increase in
viscosity reduces the movement of dispersed
phase droplets towards each other and prevents
the accumulation of droplets. The results showed
(Figure 1) that viscosity increased in all
microemulsions with increasing surfactant ratio.
This increase in viscosity can be caused by an
increase in the amount of free surfactant in the
continuous phase, which leads to an increase in
the viscosity of the emulsion mass [13].

R*=0.988
R*=0.988
R*=0.987
R:=0.990
P
R=0.9% 4 oimsy
SIWRI00
SWR150

*5WR150

SHEAR STRESS (Pa)
= e

#5WR200

0 10 20 30 40 50 60 70

SHEAR RATE (1/3)
Fig 1 Flow chart of microemulsions.

3-2- Double layer emulsion production

3-2-1- Droplet size and stability of double
layer emulsions

As can be seen in Table 2, with increasing
concentration of soy protein concentrate and gum
arabic, the droplet size decreased, but with
increasing pectin concentration, the droplet size
increased. The smallest diameter of double-layer
emulsions was related to soy protein concentrate,
which decreased from 430 to 350 nm with
increasing concentration from 5% to 10%. In the
case of gum arabic, the particle diameter
decreased with increasing concentration, but for
pectin, the particle size increased with increasing
concentration. The investigation of the droplet
size of the emulsions after the storage period
showed that the diameter of all the emulsions
increased with the increase of the storage time.
The largest increase in droplet size was related to
Arabic gum with 5% concentration and the
lowest was related to 5% pectin. The stability of
the emulsion and the lack of growth of globules
over time is a function of the complete surface
coverage and preventing the droplets from
approaching each other. Studies have also shown
that the use of polymer compounds with higher
molecular weight leads to the formation of more
stable double-layer emulsions [14]. The steric
hindrance of the surfactant can also prevent the
droplets from approaching.

Table 2 Droplet size average and dispersion of two-layer emulsions prepared from biopolymers.

SPC5 SPC10 AG5 AG10 P5 P10
Fresh emulsion  430+2.53% 350+3.21°  700+7.53° 57445.25¢ 1147+10.02"  2010+12.34f
is
1" month  541+7.61° 429+4.32° 898+6.74°  680+11.23¢ 1310+£19.84"  2156+24.45f

is

“Different letters in the same column indicate significant differences between treatments (P<0.05)
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3-2-2- flow behavior

Examining the viscosity of biopolymers at the
levels of 5 and 10% showed that in the
investigated range of shear rate, all biopolymers
showed thinning behavior at all levels. Viscosity
increased in all biopolymers with increasing

viscosity of pectin led to the formation of larger
droplets and more stability of bilayer emulsions
in both concentrations (Table 3). The high
viscosity of pectin prevented the droplets from
getting closer to each other during the storage
time and caused the emulsions stabilized with

pectin to be more stable, compared to the other
two biopolymers.
Table 3 Biopolymers viscosity changes at 5 and 10% levels.

concentration from 5 to 10%. The higher

Shear rate (1/s)

10 20 30 40 50 60 70
Vis SPC 5% 8.24+0.212 9.53+0.05° 9.61+0.14° 11.15+0.22° 11.32+0.25° 10.47£0.03° 9.45+0.32°
C0S  SPC 10% 8.23+0.422 8.33+0.33? 8.45+0.222 7.51+0.242 7.14+0.542 6.75+0.322 6.31+0.232
Etn)wl GA5% 10.31+0.02° 10.23+0.41° 10.45+0.04°¢ 9.35+0.32° 9.43+0.13° 9.07+0.34° 9.41+0.22°
pa. GA10% 10.12+0.42° 11.21+0.45¢ 11.45+0.01¢ 12.11+0.144 12.15+0.23" 12.22+0.21¢ 11.34+0.15°
is
S
) P5% 109.21+2.11" 107.32+4.01f 105.34+2.11f 104.21+1.32f 12.14+0.54" 104.41+3.21f 104.33+2.14"
is is is
P10% 85.41+3.13¢ 86.31+2.01'""  86.44+0.41""  86.36+1.05""  11.51+0.36%  85.24+0.74't's 85.54+0.76¢°

“Different letters in the same column indicate significant differences between treatments (P<0.05)

The investigation of the flow behavior (Table 4)
based on the power, Herschel-Balkli, Bingham
and Cason models shows that all biopolymers

have the most compliance with the Herschel-
Balkli model and then the power relationship.

Table 4 Flow behavior of two-layer emulsion stabilized with biopolymers at the levels of 5 and 10%.

Emulsion SPC AG P
5% 10% 5% 10% 5% 10%
Power law
K (Pa") 0.0032¢ 0.016° 0.009% 0.013% 0.059° 0.1812
n 0.9912 0.852° 0.923% 0.859% 0.901% 0.915%
R? 99.8 98.6 99.8 99.2 99.6 97.9
Herschel bulkley
K(Not") 0.002¢ 0.014¢ 0.006¢ 0.025¢ 0.065° 0.213?
n 0.985% 0.856¢ 0.956% 0.881% 0.936%¢ 0.871Pcd
to (Well) 0.005° 0.2318 0.007° 0.012° 0.2318 0.321#8
R? 99.9 98.2 99.9 99.2 0.251 98.1
Bingham
K(Not") 0.002°¢ 0.003°¢ 0.005°¢ 0.007° 0.041° 0.1232
to (Well) 0.0042 0.2512 0.026° 0.026° 0.098° 0.125
R? 99.9 98.1 99.6 99.1 99.5 78.8
Casson
K(Not") 0.004¢ 0.058% 0.004¢ 0.095°¢ 0.394° 1.2132
to (Well) 0.011° 0.015° 0.001° 0.012° 0.016" 0.1178
R? 92.1 98.1 93.2 99.7 99.9 97.9
“The components of the model for each biopolymer are compared with each other in columns at a significance level
of 0.05
approaching the dilute state (n < 1) with the
increase in biopolymer concentration. The
As can be seen, with the increase in highest consistency coefficient and the lowest

concentration, the consistency coefficient (k)
increases and the index (n) decreases, which
indicates the increase in viscosity and

flow index were related to pectin, gum arabic and
soy protein concentrate, respectively.
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3-3- release of crocin

To check the release rate of crocin during the
storage time, first the standard curve of crocin
was determined based on the absorbance at 440
nm wavelength and in  weight/weight
concentrations of crocin (Figure 2). The amount
of crocin release is shown in Table 5. As can be
seen, the highest amount of crocin was related to
soy protein concentrate and the lowest amount
was related to pectin. It seems that the
macromolecule of pectin is a factor to prevent its
release [15].

0.035

¥ =0.006%-0.005
0.03 R2=10.993

0.025
0.0z

0.015

Density )

0.01

0.005

0 1 1 2 2

Absorption
Fig 2 Crocin standard curve.

The obtained detection coefficient (99.56%)
showed that there is a high correlation between
the concentration of crocin and the amount of
absorption obtained.

Table 5 Percentage of crocin release from double-layer emulsion stabilized with biopolymers at 5 and

10% levels
Time (h)
1 2 3 2 5 6 7 8
It
e RO a02mrozyr 9IN0Y eso7s014'  7123:0230 772120220 78324054 80.22:055'
c oy 644045 162130040 U0 303310550 352240167 44.27:0470  47.2850.41°  49.5420.22°
ci 21.01+0.02" 28.23+0.3 40.22:035" 47.36+041" 53.65:0.23" 56.24+0.25" 59.32:+0.31"
GAS% 8-74i0-34d is 2It is is is is is is
e G0 aausose 11sax0070 OSF0Y 223140240 27204037 356560080 308640380 4128:0.19°
as b p 15.37+0.4 b b b b b
© P5%  403:001° 1032:008 5 2225¢008° 26.54:041° 20.63:038" 31.36+0.44"  34.26+0.17
P10%  331:021°  834x008° U903 132420170 202550000 227120510 27.335007  29.81:0.25°

“Different letters in the same column indicate significant differences between treatments (P<0.05).

3-4- Chocolate tests

3-4-1- Physicochemical properties

The results of analysis of variance showed that
there is a significant difference between the
samples of chocolate containing nanoemulsion in
terms of moisture content and water activity. As
can be seen, by adding nanoemulsion to
chocolate, these factors also increase. The results
of analysis of variance showed that between
chocolate samples, in terms of particle size index,
Dgo (in the sense that 90% of the particles are
smaller than the value of this index) and D1 (in
the sense that 10% of the particles are smaller
than this index) [16]. There is no significant

difference (Table 6). As can be seen, with the
addition of nanoemulsion, the size of the particles
did not increase significantly. The rheological
characteristics and final quality of chocolate are
significantly affected by the particle size
distribution and primary compounds of
chocolate, which ultimately plays a significant
role in the sensory perception of this product in
the mouth. Coarse particles are very effective in
mouthfeel due to their gritty nature, but fine
particles are more important due to their effect on
the flow characteristics of chocolate [17].
Reducing the size of particles causes an increase
in viscosity and yield stress. The particle size
distribution is important because it can be
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optimized to achieve the desired rheological
properties without changing the overall chocolate
formulation. If the maximum size of particles Dgo
Between 20-33 micrometers and minimum
particle size Dio If it is less than 6 micrometers,
the desired rheological properties will be
achieved with the best sensory state in the mouth.
dgoLarger than 35 um, it creates a sandy feeling
in the mouth, which leads to a decrease in overall
acceptance by the consumer. As shown in Table
3, the highest viscosity, hardness in the solid (1)
and melted (2) state is related to the enriched
treatment, and one of the reasons for this can be
the increase in humidity. Skiliman and Beckett

(2000) stated that moisture (even in very low
amounts) increases the hardness of chocolate
[18]. In this connection, Akova et al. stated that
various factors such as structure, production
conditions, especially chocolate tempering and
polymorphism of fat crystals also affect the
hardness of chocolate [19]. The results of analysis
of variance showed that there is a significant
difference between chocolate samples in terms of
a, b, and L factor (p 0.05<). As can be seen, by
adding nanoemulsion to chocolate, we see a
decrease in factor L and an increase in factor a
and b.

Table 6 Comparison of mean physicochemical properties of Crocin fortified chocolate

Fortified Control

0.36+0.01° 0.32+0.04% Water activity

0.73+0.05° 0.27+0.012 Moisture (%0)
1133.41+10.15° 1125.04+11.21° Viscosity (mpa)

23.81+0.12° 19.14+0.342 Hardness1 (N)

13.07+0.23° 11.61+0.08° Hardness2 (N)

20.47+0.172 19.12+0.122 D90 (20-33) Particle size (u)

1.23+0.122 1.12+0.072 D10<6

20.11+0.71° 21.31+0.218 L

12.61+0.18° 11.71+0.412 a color

18.11+0.09° 16.91+0.082 b

“Different letters in the same column indicate significant differences between treatments (P<0.05)

3-4-2- Sensory evaluation of chocolate
containing nanoemulsion

Ten evaluators were selected after relevant
preliminary trainings to perform sensory
evaluation and evaluated the produced chocolate
samples in terms of flavor, color intensity and
mouth melting using the hedonic method (9

points) (Figure 3).
FLAVOR

9
38
36
g4
82
g
ié
16 control
74
fortitied

MOUTH
WELTING COLOUR

Fig 3 Effect of crocinnanoemulsion addition on
sensory properties of chocolate.

The judges gave the highest score to the enriched

treatment in terms of aroma and taste, and there
was no significant difference between the
treatments in terms of mouth melting. In terms of
color intensity, the highest score belonged to the
enriched treatment.

4 - Conclusion

Crocin is one of the compounds with high
solubility in water and its antidepressant effects
have been well proven. The results showed that
all the two-layer emulsions prepared with
biopolymers were still stable after one month and
did not become two phases. The investigation of
the release of double-layer emulsions in the
simulation environment of the stomach and
intestine showed that the lowest release rate is
related to samples stabilized with pectin
biopolymer and the highest rate is related to soy
protein concentrate. Moisture assessment, ain And
the hardness of the chocolate samples showed
that the enriched samples had higher hardness,
water activity and moisture than the control
sample. The color evaluation showed that the
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enriched sample had less L factor and more a and
b than the control sample. Comparison of particle
size and viscosity of control and enriched
samples did not show any significant difference.
The sensory evaluation of the samples showed
that the enriched sample scored significantly
higher.

5- Resources

[1] Zhang, Feng, Xinying Zhu, Ping Yu, Tingna
Sheng, Yuging Wang, and Yilu Ye. 2022.
'‘Crocin ameliorates depressive-like behaviors
induced by chronic restraint stress via the
NAMPT-NAD+-SIRT1pathway in  mice',
Neurochemistry International, 157: 105343.

[2] Tao, Weiweli, Jie Ruan, Ruyan Wu, Min Zhao,
Tong Zhao, Mingming Qi, Sonata S. Y. Yau,
Guangda Yao, Hongru Zhang, Yue Hu, and
Gang Chen. 2022. 'A natural carotenoid crocin
exerts antidepressant action by promoting adult
hippocampal neurogenesis through Wnt/B-
catenin signaling’, Journal of Advanced
Research.

[3] Xiao, Qingfeng, Ruonan Shu, Chenlu Wu,
Yingpeng Tong, Ze Xiong, Jiafeng Zhou,
Chunan Yu, Xiaoxian Xie, and Zhengwei Fu.
2020. 'Crocin-I alleviates the depression-like
behaviors probably via modulating
“microbiota- gut-brain’ axis in mice exposed to
chronic restraint stress', Journal of Affective
Disorders, 276: 476-86.

[4] Xie, Yupeng, Qiuxiang He, Hong Chen,
Zijiang Lin, Yi Xu, and Chuang Yang. 2019.
‘Crocin  ameliorates  chronic  obstructive
pulmonary disease-induced depression via
PI3K/Akt mediated suppression of
inflammation’, European Journal of
Pharmacology, 862: 172640.

[5] Mir, Tahir ul Gani, Atif Khurshid Wani,
Jaskaran Singh, and Saurabh Shukla. 2022.
Therapeutic application and toxicity associated
with  Crocus sativus (saffron) and its
phytochemicals', Pharmacological Research -
Modern Chinese Medicine, 4: 100136.

[6] Rahaiee, S., S. A. Shojaosadati, M. Hashemi,
S. Moini and S. H. Razavi (2015).
"Improvement of crocin  stability by
biodegradeble nanoparticles of chitosan-
alginate." Int J Biol Macromol, 79: 423-432.

[7] Rajabi, H., M. Ghorbani, S. M. Jafari, A. S.

Mahoonak and G. Rajabzadeh (2015).
"Retention of saffron bioactive components by
spray drying encapsulation using maltodextrin,
gum Arabic and gelatin as wall materials." Food
hydrocolloids, 51: 327-337.

[8] Mehrnia, M.-A., S.-M. Jafari, B. S. Makhmal-
Zadeh and Y. Maghsoudlou (2017).
"Rheological and release propertiesof double
nano-emulsions containing crocin prepared
with  Angum gum, Arabic gum and whey
protein." Food Hydrocolloids, 66: 259-267.

[9] Bertrand, N., G. Leclair and P. Hildgen
(2007). "Modeling drug release from
bioerodible microspheres using a cellular
automaton." Int J Pharm, 343(1-2): 196-207.

[10] Bakshi, R. A., N. S. Sodhi, I. A. Wani, Z. S.
Khan, B. Dhillon and A. Gani (2022).
"Bioactive constituents of saffron plant:
Extraction, encapsulation and their food and
pharmaceutical applications.” Applied Food
Research, 2(1): 100076.

[11] Fathi, M., Varshosaz, J., Mohebbi, M., &
Shahidi, F. (2013). Hesperetin-Loaded Solid
Lipid Nanoparticles and Nanostructure Lipid
Carriers for Food Fortification: Preparation,
Characterization, and Modeling. Food and
Bioprocess Technology, 6(6), 1464-1475.
doi:10.1007/s11947-012-0845-2.

[12] Jafari, Seid Mahdi, Elham Assadpoor,
Yinghe He, and Bhesh Bhandari. 2008. 'Re-
coalescence of emulsion droplets during high-
energy emulsification', Food Hydrocolloids, 22:
191-202.

[13] An, Yaping, Xiangxing Yan, Bin Li, and
Yan Li. 2014. 'Microencapsulation of
capsanthin by self-emulsifying nanoemulsions
and stability evaluation’, European Food
Research and Technology, 239: 1077-85.

[14] Li, Changjun, Qian Huang, Shufeng Ma, and
Chuling Ji. 2016. 'An Experimental Study on the
Viscosity of Water-in-Oil Emulsions’, Journal of
Dispersion Science and Technology, 37: 305-16.

[15] Benichou, A., A. Aserin, and N. Garti. 2004.
'‘Double emulsions stabilized with hybrids of natural
polymers for entrapment and slow release of active
matters', Advances in Colloid and Interface Science,
108-109: 29-41.

[16] Bonnet, M., M. Cansell, A. Berkaoui, M. H.
Ropers, M. Anton, and F. Leal-Calderon. 2009.
'Release rate profiles of magnesium from multiple
W/O/W emulsions', Food Hydrocolloids, 23: 92-
101.


http://dx.doi.org/10.22034/FSCT.20.136.1
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.1.9
https://fsct.modares.ac.ir/article-7-70409-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.1.9 ]

[ DOI: 10.22034/FSCT.20.136.1 ]

Iranian Journal of Food Sciences and Industries

No. 135, Volume 20, May 2023

[17] Beckett, S.T., Fowler, M.S. and Ziegler, G.R.
eds., 2017. Beckett's Industrial Chocolate
Manufacture and Use. John Wiley & Sons

[18] Aeschlimann, J.M. and Beckett, S.T., 2000.
International inter-laboratory trials to determine the
factors affecting the measurement of chocolate
viscosity. Journal of Texture Studies, 31(5), pp.541-

576.

[19] Afoakwa, E.O., Paterson, A., Fowler, M. and
Vieira, J., 2008. Particle size distribution and
compositional effects on textural properties and
appearance of dark chocolates. Journal of Food
Engineering, 87(2), pp.181-190.


http://dx.doi.org/10.22034/FSCT.20.136.1
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.1.9
https://fsct.modares.ac.ir/article-7-70409-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.1.9 ]

[ DOI: 10.22034/FSCT.20.136.1 ]

VoY \;Mi.@,:v'éj\ AR 0,93 AYo ;_)La.f; .Jﬁ\ JU& ;-.L*a K] \Aj.l.o M

ol ¥l SIS @l g pols aloxo

www.fsct.modares.ac.ir :aksw o le

.

w’&.&j};_wlﬁ Jlae

Jbs s 53 O 3,08 5 s S 65l O smd 5l 50 Sila) 5 (o land 5 5 Slons g5 oo 5

v ;\..y |.>|3>: J**‘djm |J.Aj

(M sl el 5 iS5 S0 1S slse sl 5 o sl e aSCiass (A sl 55 0 Oleslu (g S5
Agde S psle o8ty (g3l g,ls 0 aSisls (g 1S5

0 S dlee SN
23 5 A 5 Al V0 Comer Ao 53 VIV Janw a ), gty (S5 pudl pgoid 5 o 558 5 Pl gl b

o 1y 0 g5 by 4515 e (8551 048 oS 5 4 03 bl slen aen by B 0,8 e
o b 53 45l e F3 il D3 51 sl DWLE gl 31 S L dims ol
S5 K U5 s S el 0dBl 09l 5 b oSS b 5 5T bLE O geay O
SRS 01 a8 5 03 el 05emST 5 PH (s & o ( (S50l 5 S50 Jbb
Sl B 6l s a¥es S0 s sl Sl esliiul b ey S SUE g 55 5L AL o
SPMYrer g00) Ooen 595 9 (Ao ys Yoo B0+) CilSB ) g Cond ool S 5 o
5 sslisad 5,50 adsl O gol M5 sla e Ol gy (ola ¥ 5 Y 1) 035 oa 0L
b a0 g ol s Koo obad 53 5 390 deoyn Vot ol 5B 4 COSU ) g dingp e 2
S35 31 45 O g gol Sl (gl p Bl Sl 5 Ko WSSy g i Sl
0 PSS gl oy g 51 oIk Rl 5 Al (gl 9 Vb LB 50 O gl 5 s0n (5550
Osed gl 5L s A 03l Ao )3 V0 9 0 mhaw 53 53 52 9 (28 pewe Lge S
Ao y3 0 (5,13 pan peha 55 SS1s Dsa5T 31 ealitul b Lajle aen A 6353 OUKS &
Ogrd ol 5 S5 4y 538 SIS B g g3 2 45 51> QLS i B B 515 2500 5)se
25 e S Rl S g 58y e S b ekd Sl a0 ] gl L Ks g
Ha5) O g 5l 56 g9l OIKS (prizmen Asls DL 0355 9 sdae 0 dd (g5luand Lyl ;3

Wadls ABLE 4 e 4y g (5 5V Jhtel 5 AD s lin LS G gai b e ol g

VEON VTV 1Sl s Gyl
VENVNYY Bl sl

1S oS
(omlay
4Q}:.\.Jj,a\}3L}
cuféf.&‘-’ué
S
O

10.22034/FSCT.19.135.1
DOR: 20.1001.1.20088787.1402.20.135.1.7

e J gt
Nazari@jdm.ac.ir

10


https://fsct.modares.ac.ir/search.php?slc_lang=fa&sid=7&author=%D9%86%D8%B8%D8%B1%DB%8C
https://fsct.modares.ac.ir/search.php?slc_lang=fa&sid=7&author=%D8%A7%D8%B5%DB%8C%D9%84%DB%8C
http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.20.136.1
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.1.9
https://fsct.modares.ac.ir/article-7-70409-en.html
http://www.tcpdf.org

