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The purpose of the extrusion process is to produce products with different
shapes, textures, colors, and flavors to provide variety in foods and also to
provide micronutrients. Therefore, the use of hydrocolloids and vitamins to
improve the functional properties and nutritional value of extruded products
is common. In this study, the effects of these gums at concentrations of 0.5%,
0.75%, and 1% (alone and in combination) and vitamin E at a dose of 400
mg/100g were evaluated for their physicochemical, sensory, nutritional, and
textural properties in extruded rice. Vitamin E was added to all samples
before the extrusion process and during the dry mixing stage. Based on the
findings, the treatment including 1% locust bean gum and 1% CMC
exhibited the maximum levels of moisture content (12.86%), ash (1.43%),
density (0.397 g/cm?), water absorption (4.87%), and solubility (20.54%),
while the lowest values for these attributes were observed in the control
treatment. In contrast, the control treatment exhibited the highest protein
content (8.22%), while the treatment containing 0.5% locust bean gum
showed the highest values for lateral extension (148.5%) and color change
(15.13). In the cooked extruded rice, the treatment containing 1%
carboxymethyl cellulose exhibited the highest rate of cooking loss (12.42%),
while the treatment containing 1% locust bean gum and 1% carboxymethyl
cellulose showed the highest hardness (24.42 N), chewability (28.78 N),
vitamin E (60.2 mg/100g), and the lowest adhesiveness (2.51 mlJ).
Additionally, the control and combination treatments containing 0.5%,
0.75%, and 1% locust bean gum and CMC showed the highest scores (5) for
sensory properties such as odor and taste, texture, and overall acceptance.
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1- Introduction

Rice (Oryza sativa L.) is an annual plant
belonging to the grass family which has
numerous species. In Iran, rice is the second
most important staple food after wheat and is
obtained through a milling process. This
process changes the textural and whiteness
characteristics of rice, enhances its water-
binding capacity, improves digestibility, and
reduces cooking time. It is noteworthy that
during the milling process, most of the
minerals and vitamins in rice are lost, so it
seems that by using the extrusion cooking
technique and using broken rice as a cheap raw
material and also as a suitable additive needed
for specific groups, the complications caused
by malnutrition can be eliminated and a
functional product can be produced [1]. In this
regard, various products have already been
developed through the extrusion process [2, 3,
4, and 5]. Extrusion is a process in which raw
material is forced under pressure through a
small orifice to yield a product with desired
shape and texture. During extrusion, several
unit operations, including mixing, kneading,
application of shear forces, heating, cooling,
and shaping, occur simultaneously. In fact, the
extrusion machine consists of a pump in which
the input material is condensed and
transformed into a semi-solid mass through
various operations. This mass, due to the
applied pressure, is ejected from the mold
located at the end of the screw. The primary
objective of extrusion is to diversify everyday
foods by creating products with varying
shapes, textures, colors, and flavors from the
main food ingredients. Extrusion is a high-
temperature, short-time (HTST) process that
reduces microbial load and inactivates
enzymatic activity. Advantages of extrusion
include diversification of food products,
reutilization of food waste, and lower
processing costs compared to other cooking
methods. Parameters such as temperature,
pressure, die hole diameter, shear forces, and
rheological properties of food are among the
most important factors affecting the products
obtained from the extrusion process. Notably,
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shear forces depend on the internal design of
the body and the speed and shape of the screw.
Initial moisture content and the chemical
composition of raw materials, particularly the
amount and type of starch, protein, fat, and
sugars, affect the texture and color of the final
extruded product [6]. The incorporation of
hydrocolloids to improve the textural and
functional properties of extruded foods is a
common practice. Gums are hydrophilic
polymers with high molecular weight,
consisting of polysaccharides and, in some
cases, proteins, which increase viscosity upon
dissolution or dispersion in water [7]. Among
the most important gums are locust bean gum
and carboxymethyl cellulose. Carboxymethyl
cellulose is a widely used gum derived from
cellulose and is employed in both industrial
and food applications. It is a linear, high-
molecular-weight polymer that is water-
soluble and carries a negative charge. Its
viscosity is pH-insensitive, it is non-
fermentable under normal conditions, and its
ionic strength decreases with increasing
temperature. Its stabilizing capacity is
attributed to its high electronegativity, which
enhances repulsion between particles. Today,
this gum is used in various baked and extruded
products to control viscosity, retain moisture,
inhibit crystal growth, provide structural
strength, maintain colloidal stability, improve
moldability, enhance adhesion, and improve
mouthfeel [8, 9]. Locust bean gum is the
milled endosperm of locust bean seeds, which
grow in regions with a Mediterranean climate.
This gum is one of the seed-derived
galactomannans, with a backbone composed
of mannose units linked by B-(1—4)
glycosidic bonds, wherein the hydrogen atom
of the hydroxyl group on carbon number 6 is
substituted by a-D-galactose units via (1—6)
linkages. It appears as a white to cream-
colored powder and consists primarily of
high-molecular-weight hydrocolloid
polysaccharides. It is dispersible in both cold
and hot water, forming a sol with a pH ranging
from 4.5 to 7, which can be converted into a
gel upon addition of small amounts of sodium
borate. Approximately 35% of locust bean
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constituents are simple-structured
carbohydrates, and about 40% consist of
complex-structured starch. The fat content of
locust bean is very low, around 1%. Locust
bean gum is widely used on an industrial scale
as a thickener and stabilizer in food products
[10]. Vitamin E is a fat-soluble vitamin found
in plants, particularly in oilseeds and nuts. It
possesses antioxidant properties and protects
body tissues against the damaging effects of
free radicals generated by certain chemical
compounds. This vitamin is incorporated into
the lipid layer of the cell membrane and within
the cell, thereby preventing cellular membrane
degradation. Naturally occurring vitamin E
comprises four tocopherols and four
tocotrienols, with alpha-tocopherol exhibiting
the highest biological activity, followed by
beta-tocopherol. Non-esterified tocopherols
and tocotrienols are insoluble in water but
readily soluble in alcohols and other organic
solvents (including acetone, chloroform, and
ether) as well as in vegetable oils. In the food
industry, this vitamin is employed as an
antioxidant in vegetable oils and fat-
containing food products [11]. Developing a
technology for producing extruded rice with
quality and organoleptic characteristics
comparable to natural rice, possessing equal or
superior nutritional value, and at a lower
production cost than natural rice, represents a
valuable alternative. In this context, the
present study investigated the feasibility of
producing extruded rice using locust bean
gum and carboxymethyl cellulose, along with

the incorporation of vitamin E to enhance its
functional properties and nutritional value.

2- Materials and Methods

2.1 Materials

In this study, raw materials including rice
(Hashemi variety) with an amylose content of
21.7% (sourced from the local market), locust
bean gum with an average molecular weight
0f 55,000 Da, carboxymethyl cellulose (CMC)
with an average molecular weight of 41,000
Da (DOW Chemical Company, Germany),
and vitamin E (Pouya Teb Company, Iran)
were procured. Rice grains were ground using
a hammer mill (Kenwood, Italy) and then
passed through a 1 mm mesh sieve to achieve
uniform particle size. Subsequently, their
chemical characteristics, including moisture
(AACC 44-16), ash (AACC 08-01), protein
(AACC 46-12), fat (AACC 30-10), fiber
(AACC 32-10), and amylose (AACC 40-18),
were determined [12]. To prepare the dough,
varying proportions of rice flour, locust bean
gum, and carboxymethyl cellulose (0.5%,
0.75%, and 1.0%, individually and in
combination), along with a fixed amount of
vitamin E (400 mg/100 g), as outlined in Table
1, were mixed using a mixer (Bosch, Model
MMB6145, Germany) at 365 rpm for 20
minutes. Water (16-30%) was then added to
the mixture. Notably, a constant level of 1%
emulsifier (diacetyl tartaric acid esters of
monoglycerides, Pars Behbod Asia Company,
Iran) was incorporated into all samples to
improve product volume [13].

Table 1 Study treatments

Treatment Code
Control [(raw rice grain; Hashemi variety)] HO
Extruded rice, [0.5% locust bean gum (w/w flour basis) +Vitamin E (400mg/100g)] HI
Extruded rice, [0.75% locust bean gum (w/w flour basis) +Vitamin E (400mg/100g)] H2
Extruded rice, [1% locust bean gum (w/w flour basis) +Vitamin E (400mg/100g)] H3
Extruded rice, [0.5% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] H4
Extruded rice, [0.75% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] HS5
Extruded rice, [1% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] H6
Extruded rice, 0.5% locust bean gum + 0.5% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] H7
Extruded rice, [0.75% locust bean gum+ 0.75% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] H8
Extruded rice, [1% locust bean gum+ 1% CMC gum (w/w flour basis) +Vitamin E (400mg/100g)] H9

53



Mehry Mirzaeli et al

Evaluation of physicochemical, sensory...

The extruder used (Jinan Saixi, China) was
equipped with 16 to 32 circular dies, each with
a diameter of 2.2 mm, and featured twin
screws. It operated under a pressure range of
13.35-19.10 MPa, with screw speeds varying
from 20 to 340 rpm and processing
temperatures ranging from 75 to 95 °C. The
extrusion conditions were set as follows: feed
moisture content of 30%, screw speed of 26.6
rpm, feed rate of 11.5 kg-h™', and temperature
95 °C. Upon exiting the extruder, the samples
were conveyed via an air suction system
through a tube into a dryer. The extruded
samples were then dried in a single layer using
hot-air convection at 50 °C until their moisture
content reached 10-14 % (wet basis). Finally,
the dried samples were packaged in
polyethylene bags and coded for further
analysis.

2-2. Tests Conducted on the Extruded Rice
Samples (Before and After Cooking)
2-2-1- Moisture Content (Before cooking)
Moisture content was determined according to
the standard AACC method No. 44-16 and
using Equation (1) [12]:

MC =222 x 100

(1)

Where: MC = Moisture content (wet basis
(%)), W; = Initial wet weight (kg), and Wy =
Dry weight (kg).

2-2-2- Ash Content (Before cooking)

Ash content was determined according to the
standard AACC method No. 08-01 [12]. For
this purpose, 5 g of each sample was placed in
a porcelain crucible and charred over a gas
flame. After the organic components were
completely burned off, the crucible containing
the residue was transferred into an electric
muffle furnace maintained at approximately
550-600 °C and heated until the contents
turned white and a constant weight was
achieved. The ash percentage was then
calculated based on the weight difference
before and after incineration in the furnace.
2-2-3- Protein Content (Before cooking)
Protein content of the extruded rice samples
was determined according to the standard
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AACC method No. 46-12 [12]. This method is
based on the oxidation of organic matter in the
sample using concentrated sulfuric acid in the
presence of a catalyst. In this process, all
nitrogen in the sample is converted to
ammonium sulfate, (NH4)2SO,.
Subsequently, ammonia is liberated by adding
an alkali, distilled, and absorbed into a known
volume of standard acid. The amount of
nitrogen in the sample is then calculated by
back-titration of the absorbed ammonia.
Finally, the protein content is obtained by
multiplying the nitrogen content by the
appropriate conversion factor for rice flour, as
expressed in Equation (2):
P=225%01x14x57

100
(2)
Where: P = Protein content (%), A = volume
(mL) of sulfuric acid consumed for the
sample, and B = volume (mL) of sulfuric acid
consumed for the control.
2-2-4- Water Absorption (Before cooking)
2.5 g of ground sample (particle size reduced
to 200-250 p) was dispersed in 25 g of
distilled water and stirred with a glass rod for
30 min. The resulting dispersion was
transferred into centrifuge tubes and
centrifuged at 4,000 rpm for 15 min. The
sedimented phase was then weighed to
determine the water absorption capacity [14].
2-2-5- Lateral Expansion (Before cooking)
Lateral expansion (LE) of the extruded rice
samples was calculated using Equation (3)
[14]:
LE =2 %100

do

3)

Where: dy = Mold hole diameter (mm), and d
= Diameter of the extruded rice (mm).

2-2-6- Bulk Density (Before cooking)

Bulk density was determined according to the
standard AACC method No. 54-20. After
drying the extruded rice (10 % (dry basis), the
grains were allowed to fall freely from a height
of 15 c¢cm into a container of known volume.
The surface of the rice in the container was
leveled using a zigzag motion with a
straightedge. The mass of rice in the container



Iranian journal of food science and industry

Number 169, Volume 22, March2026

was then recorded, and bulk density was
calculated in kg/m? using Equation (4):
mp

Pp = -

4

Where: pp= Bulk density (kg/m?), m, = Mass
of the sample (kg), and v,= Volume of the
container (m?) [15].

2-2-7- Solubility (Before cooking)

In this test, 2.5 g of ground sample (particle
size reduced to 200-250 p) was dispersed in
25 g of distilled water and stirred with a glass
rod for 30 min. The dispersion was transferred
into centrifuge tubes and centrifuged at 4,000
rpm for 15 min. The supernatant was then
separated, and the solubility index was
determined based on the dissolved solids in
the supernatant [14].

2-2-8- Color Changes (AE) (Before cooking)
Total color changes of the extruded rice were
measured using a HunterLab according to the
standard AACC method No. 14-10 [12]. The
color changes (AE) were calculated using

Equation (5):

AE =

JL = Ly)? + (a* — ap)? + (b* — b)?

(5)

Where: Lj , ag and by belong to the control
sample.

2-2-9- Cooking Loss

100 g of extruded rice was immersed in 300
mL of boiling water for 13 min. After
draining, the separated cooking water was
collected in a beaker and placed in an oven at
115 °C for 1 hour to ensure complete
evaporation of water. The mass of the
remaining dried solids was then measured and
reported as cooking loss [14].

2-2-10- Texture Analysis

Texture profile analysis of the extruded
samples was performed using a Brookfield
texture analyzer (Model CT3 Pro, USA). In
this procedure, 40 g of cooked sample was
placed in a circular container and compressed
to 60 % of its original height using a
cylindrical probe (TAS) at a speed of 0.5
mmy/s. Hardness, adhesiveness, and chewiness
were determined from the resulting force—
deformation curves [16].
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2-2-11- Sensory Evaluation

Sensory evaluation was conducted using a 5-
point hedonic scale by a trained panel of 10
assessors (male and female, aged 20-30
years). For each attribute, a score of 5
represented “excellent” and 1 indicated “very
poor.” The evaluation included aroma and
flavor, texture, and overall acceptability [14].
2-2-12- Vitamin E Determination in
Cooked Extruded Rice Samples

Vitamin E content was analyzed using an
HPLC system (Pharmacia LKB) equipped
with a UV multi-wavelength detector (Model
2241) and a Super Pac Pep-S column. The
mobile phase flow rate was set at 1 mL/min,
and an injection volume of 50 pL was used
over a 10-min run time. The detection
wavelength was set at 325 nm from the start of
the run until 7 min, and then switched to 292
nm from 7 to 150 min. After separation,
chromatograms were interpreted using HPLC
Manager and Nelson software for peak
identification and quantification [17].

2-2-13- Statistical Analysis

Data were analyzed using a completely
randomized design with three replications.
Mean comparisons were performed using
Duncan’s multiple range test at a 5 %
significance level (p< 0.05) using SPSS 16.

3-Results and Discussion

According to the chemical analyses performed
on rice flour (Hashemi variety), the following
values were obtained: moisture content 9.18
%, total ash 0.41 %, protein 8.32 %, fat 0.21
%, fiber 2.5 %, and amylose 26.91 %. These
results indicate that the Hashemi rice variety
is suitable for the production of extruded rice.
3-1- Physicochemical Analyses of Control
and Extruded Rice Samples (Before
cooking)

The mean comparison of data regarding the
effects of different levels of locust bean gum
and carboxymethyl cellulose (CMC) on the
physicochemical properties of extruded rice
samples, compared to the control, is presented
in Table 2.
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Table 2 Mean comparison of physicochemical analysis of extruded rice and control samples (before

cooking)

Treatment Moisture (%) Ash (%) Protein (%) Water absorption (%)
HO 8.00+0.10 e 0.42+0.05 £ 8.22+0.11 a 2.10+£0.13 g
H1 10.57+0.15d 0.61+£0.03 ¢ 7.90+0.10 b 2.3540.15 fg
H2 10.86+0.17 cd 0.79+0.03 d 7.84+0.10 b 2.80+0.15 ¢
H3 11.59+0.18 b 1.11+£0.05 ¢ 7.50+0.05 ¢ 3.35+0.15d
H4 11.00+0.11 ¢ 0.64+0.04 ¢ 7.90+0.10 b 2.56+0.18 ef
H5 11.48+0.16 b 0.79+0.03 d 7.84+0.10 b 3.27+0.12d
H6 11.67+0.15b 1.26+£0.03 b 7.51£0.05 ¢ 3.45+0.10 d
H7 12.63+0.21 a 1.2840.03 b 7.51£0.05 ¢ 3.88+0.08 ¢
HS8 12.74+0.18 a 1.35+0.05 a 7.42+0.05 cd 4.35+0.10 b
H9 12.86+0.15 a 1.43+0.08 a 7.35+0.05 d 4.87+0.11 a

In each column, mean that at least one letter in common, according to Duncan's test, not significant difference

at 5%

Continuation of Table 2 Mean comparison of physicochemical analysis of extruded rice and control
samples (before cooking)

Treatment  Lateral extension (%) Density (g/cm?) Solubility in water (%) AE

HO - 0.76+0.02 d 15.26+0.13 g 0

H1 148.5+3.4 a 0.78+0.02 d 16.43+0.15 f 15.13+£0.08 a
H2 138.31+2.5b 0.81£0.03 cd 17.32+0.15 ¢ 9.44+0.20 b
H3 135.58+2.3 b 0.85+0.02 be 19.54+0.18 ¢ 8.53+0.11 ¢
H4 130.08+2.1 ¢ 0.79+0.03 d 17.14+£0.17 ¢ 9.78+0.18 b
H5 127.11£23 ¢ 0.8140.03 cd 18.27+0.15d 9.40+0.22 b
H6 126.53+2.1 ¢ 0.86+0.03 be 19.65+0.18 ¢ 8.50+£0.12 ¢
H7 120.57+1.9d 0.89+0.03 b 19.86+0.20 bc 8.38+0.12 ¢
HS8 120.08+1.6 d 0.89+0.03 b 20.24+0.24 ab 7.68+0.15d
H9 113.21+1.8 ¢ 0.97+0.05 a 20.54+0.25 a 7.95+0.18 d

In each column, mean that at least one letter in common, according to Duncan's test, not significant difference

3-1-1- Moisture Content

According to the Iranian National Standard
No. 2814, the moisture content of rice should
be within the range of 10-14 % to prevent
mold growth [18]. As shown in Table 2, a
statistically significant difference (p < 0.05)
was observed among treatments regarding
their effect on the moisture content of
extruded rice samples. The highest moisture
content (12.86 %) was recorded in treatment
H9, while the lowest value (8.00 %) was
observed in treatment HO. The results indicate
that increasing the levels of locust bean gum
and CMC led to higher moisture retention in
the samples. This effect can be attributed to
the hydrocolloid molecular structure and the
hydrophilic nature of these gums, which
enhance water-holding capacity, reduce free

at 5%
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water molecules, and consequently inhibit
amylopectin recrystallization. Furthermore,
improved dough quality and favorable
rheological  properties were achieved.
Additionally, the higher moisture content in
CMC-containing treatments can be explained
by the greater number of hydroxyl groups in
CMC compared to locust bean gum. Starch
damage occurring during extrusion may also
contribute to increased water absorption
capacity [19, 20].

3-1-2- Ash

As indicated in Table 2, a statistically
significant difference (p< 0.05) was observed
among treatments in terms of their effect on
ash content. The highest ash content (1.43 %)
was measured in treatment H9, whereas the
lowest value (0.42 %) was found in treatment
HO. The results demonstrate that, across all
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treatments, increasing the levels of locust bean
gum and CMC significantly increased ash
content. This increase is likely due to the
presence of mineral elements as well as minor
amounts of tannins and tannosides in the gums
used [14, 21].

3-1-3- Protein

According to Table 2, a statistically significant
difference (p<0.05) was observed among the
different treatments regarding their effect on
the protein content of extruded rice samples.
The highest protein content (8.22 %) was
measured in treatment HO, while the lowest
value (7.35 %) was recorded in treatment H9.
The results indicate that, across all treatments,
increasing the levels of locust bean gum and
carboxymethyl cellulose (CMC) led to a
significant decrease in protein
content. Generally, the extrusion process
enhances protein digestibility by denaturing
proteins, which increases the accessibility of
enzymatic cleavage sites within the protein
structure. Many enzymes and anti-nutritional
factors lose their activity during extrusion due
to protein denaturation. The extent of protein
denaturation is commonly assessed by
measuring protein solubility in water or
similar solvents. Protein solubility typically
increases under high shear conditions and is
also influenced by temperature and moisture
content [19, 20]. Hazarika et al. (2013)
reported that high temperature and low

moisture  promote  Maillard  reactions.
Reducing sugars (small saccharides formed
under high shear) and sucrose (after

hydrolysis) can react with lysine, thereby
reducing the nutritional value of proteins in
extruded products [21].

4-1-3- Water Absorption Capacity

As shown in Table 2, a statistically significant
difference (p< 0.05) was observed among
treatments in terms of their effect on water
absorption capacity of extruded rice samples.
The highest water absorption (4.87 %) was
recorded in treatment H9, whereas the lowest
value (2.10 %) was observed in treatment HO.
Generally, a higher water absorption index
indicates greater starch degradation into
smaller components and, consequently, a
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higher degree of gelatinization. Hydrocolloid
gums enhance water absorption and promote
starch swelling, thereby increasing the extent
of gelatinization. Becker et al. (2014), in a
study on the physicochemical properties of
restructured rice, reported that water
absorption increases with the degree of starch
gelatinization. This occurs because more
hydroxyl groups become available to form
hydrogen bonds with water molecules,
thereby enhancing water uptake [6].
Ravindran et al. (2011) investigated the effects
of guar gum, locust bean gum, and fenugreek
gum at varying concentrations in extruded
rice—chickpea flour blends. Their results
showed that increasing guar and locust bean
gum concentrations up to 5 % significantly
increased water absorption, whereas further
increases beyond 5 % led to a significant
reduction. They attributed the increased water
absorption during thermal processing to
protein denaturation, starch gelatinization, and
fiber swelling [14]. Liu et al. (2011) reported
that, based on response surface methodology,
optimal extrusion conditions included 30 %
feed moisture, screw speed of 26.6 rpm,
extrusion temperature of 95 °C, and 4 % rice
bran combined with guar gum. Their findings
indicated that water absorption increased with
higher feed moisture and screw speed, but
decreased  with  increasing  extrusion
temperature. They explained that moisture
acts as a plasticizer, reducing starch granule
breakdown and thereby enhancing water
absorption capacity [16].

5-1-3- Lateral Expansion

According to Table 2, a statistically significant
difference (p < 0.05) was observed among
treatments regarding their effect on lateral
expansion of extruded rice samples. The
highest lateral expansion (148.5 %) was
observed in treatment H1, while the lowest
value (113.21 %) was recorded in treatment
HO. In general, higher moisture content in the
feed reduces vapor pressure during extrusion,
which is expected to increase the elasticity of
the extrudate and consequently reduce lateral
expansion. Furthermore, compared to locust
bean gum, the higher water-holding capacity
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of carboxymethyl cellulose softens the
amylopectin  structure, improving the
elasticity of the extruded rice and resulting in
a more pronounced reduction in lateral
expansion [20, 22]. Liu et al. (2011) studied
the physicochemical and textural properties of
extrusion-cooked shaped rice, incorporating
rice bran at zero and 4% levels. Extrusion was
performed under varying conditions: feed
moisture (26.6-33.4 %), screw speed (20.1—
32.6 rpm), and temperature (70-120 °C).
Their results showed that increased feed
moisture altered the amylopectin molecular
structure, reduced melt elasticity, and
consequently decreased expansion, while bulk
density increased. They reported lateral
expansion values ranging from 139 to 210 and
noted that both higher extrusion temperature
and increased screw speed significantly
reduced lateral expansion. High screw speeds
caused starch molecule scission, reduced
dough elasticity, and ultimately decreased
expansion [16]. Becker et al. (2014) also
indicated that the protein and fat content of the
feed material influence lateral expansion.
Proteins reduce expansion by modulating
water distribution during extrusion, while fats
act as lubricants and protect starch granules
from gelatinization, thereby decreasing
expansion [6].

6-1-3- Density

As shown in Table 2, a statistically significant
difference (p< 0.05) was observed among
treatments regarding their effect on the bulk
density of extruded rice samples. The highest
bulk density (0.97 g/cm?®) was recorded in
treatment H9, while the lowest value (0.76
g/cm®) was observed in treatment HO. As
previously mentioned, the addition of gums
reduced lateral expansion, which typically
contributes to lower bulk density. However,
higher gum concentrations enhance water
absorption capacity more effectively, and due
to structural modifications in amylopectin,
they ultimately increase bulk density [19,
22]. Wang et al. (2013) investigated the
effects of emulsifiers and hydrocolloids on
certain quantitative and qualitative properties
of extruded rice and reported that hydrocolloid
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addition increased water solubility index, bulk
density, water absorption, and adhesiveness.
They explained that bulk density reflects the
ability of extruded products to sink or float in
water; specifically, higher gelatinization and
reduced lateral expansion lead to increased
bulk density [22].

7-1-3- Solubility Index

Table 2 indicates a statistically significant
difference (p< 0.05) among treatments in
terms of their effect on the solubility index of
extruded rice samples. The highest solubility
(20.54 %) was observed in treatment HO,
whereas the lowest value (15.26 %) was
recorded in treatment HO. The water solubility
index is an important indicator of physical and
chemical changes during extrusion, reflecting
the hydrophilic-hydrophobic nature of the
sample’s  constituents and  particularly
correlating with the extent of starch
degradation during extrusion cooking. As
noted earlier, gum-containing treatments
exhibited higher moisture content compared to
the control. Consequently, their higher
solubility can be attributed to greater starch
granule gelatinization and disruption. In other
words, increased solubility signifies more
extensive starch breakdown in extruded rice.
Additionally, this outcome may result from
interactions among gums themselves and
between gums and starch, leading to the
formation of complex active structures that
enhance solubility [16, 20, 22]. Ravindran et
al. (2011) evaluated the effects of guar, locust
bean, and fenugreek gums at varying
concentrations on extruded rice—chickpea
flour blends and demonstrated that increasing
gum concentration elevated the water
solubility index [14].

8-1-3- Color Changes

As indicated in Table 2, a statistically
significant difference (p<0.05) was observed
among treatments regarding their effect on
color changes (AE) of extruded rice samples.
The highest AE value (15.13) was recorded in
treatment H1, while the lowest (7.68) was
observed in treatment H8. According to the
findings, increasing sample moisture content
significantly reduced overall color changes
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(AE). The intensification of color is primarily
attributed to non-enzymatic  browning
(Maillard reaction), caramelization, protein
degradation, and pigment breakdown during
extrusion. It is noteworthy that increasing
temperature and decreasing  humidity,
promote Maillard reactions, leading to the
formation of dark pigments, particularly
melanoidins. Additionally, thermal
degradation of heat-sensitive compounds such

as carbohydrates, proteins, and vitamins can
also contribute to color alterations [20].

2-3- Results of Tests Conducted on Control
and Extruded Rice Samples (After cooking)
Table 3 presents the mean comparison of data
regarding the effects of locust bean gum and
carboxymethyl cellulose (CMC) on textural
properties and vitamin E content of cooked
extruded rice samples compared to control
samples.

Table 3 Mean comparison of cooking loss, textural analysis, and vitamin E of extruded rice and
control samples (after cooking)

Treatment  Cooking loss (%) Texture hardness (N) Chewiness (N) Adhesiveness (mJ) Vitamin E (mg/100g)
HO 7.90+0.04 f 7.84£1.09 g 3.70+0.23 1 2.51+£0.05 a 5.1+0.88 g
H1 8.74+£0.05 ¢ 8.75+1.05 g 5.00+0.89 h 0.22+0.02 b 20.2+1.2f
H2 10.63+0.08 ¢ 10.59+1.07 £ 5.41£0.15h 0.25+0.02 b 22.1+1.18 f
H3 9.46+0.09 d 13.89+1.80 de 14.19+1.11d 0.20+0.03 be 33.2+1.33 de
H4 11.78+0.18 b 9.80+1.31 fg 6.50+£0.65 g 0.23+0.02 b 20.3+1.14 f
H5 8.72+0.06 ¢ 11.87+1.85 ef 9.18+1.08 e 0.18+0.02 ¢ 32.2+1.08 e
H6 12.42+0.23 a 15.34+1.13d 7.96+1.15f 0.20£0.03 bc 35.2+1.71d
H7 7.94+0.03 f 18.74+1.06 ¢ 23.21£1.36b 0.13+0.02 d 48.3+£1.65 ¢
H8 7.93+0.04 £ 20.23£1.07 b 18.20+1.85¢ 0.18+0.02 ¢ 53.3x1.47b
H9 7.93+0.04 £ 24.42+1.05 a 28.78+2.01 a 0.10+£0.01d 60.2+1.55 a

In each column, mean that at least one letter in common, according to Duncan's test, not significant difference

2-3-1- Cooking Loss

As shown in Table 3, a statistically significant
difference (p< 0.05) was observed among
treatments in terms of cooking loss. The
highest cooking loss (12.42 %) occurred in
treatment H6, while the lowest (7.90 %) was
recorded in treatment HO. Generally, extrusion
conditions—such as mechanical and thermal
energy (screw speed and  extrusion
temperature)—enhance  gelatinization  of
extruded materials. Additionally, variations in
feed moisture, blade speed, and feed rate also
influence extrudate texture. Moreover,
formulation composition significantly affects
the final product’s texture. Therefore, the
observed cooking loss—resulting from the
creation of a novel product—is expected and
can be minimized through optimization of
process conditions and formulation to
approach the characteristics of natural
rice. According to the results, the moisture
content of extruded rice samples increased
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with  increasing gum  concentration.
Consequently, treatments with  higher
moisture exhibited greater cooking loss. This
is because increased water absorption
promoted starch gelatinization and granule
disintegration, leading to higher solids
leaching during cooking. Similar findings
have been reported by other researchers [19,
23].

2-3-2- Hardness

Table 3 shows a statistically significant
difference (p< 0.05) among treatments
regarding hardness. The highest hardness
(24.42 N) was recorded in treatment H9, while
the lowest (7.84 N) was observed in treatment
HO. The primary cause of increased hardness
is the pressure applied during extrusion, which
restricts lateral expansion and increases
density and compactness of the structure.
Treatment H9, with higher moisture, lower
lateral expansion, and stronger amylose—gum
complexes, developed a harder texture under
extrusion pressure compared to other
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treatments [20, 22]. Wang et al. (2013)
reported that emulsifier addition increased
gelatinization but reduced water solubility
index, adhesiveness, and stickiness, whereas
gum addition increased water solubility index,
bulk density, water absorption, and hardness.
They attributed this to the formation of starch—
emulsifier—gum complexes, which increased
the density of extruded rice grains compared
to the control, thereby enhancing hardness
[22].

2-3-3- Chewiness

A statistically significant difference (p< 0.05)
was observed among treatments in chewiness
(Table 3). The highest chewiness (28.78 N)
was recorded in treatment H9, and the lowest
(3.70 N) in treatment HO. The higher
chewiness in H9 can be attributed to greater
textural uniformity and reduced lateral
expansion. Additionally, CMC-containing
samples exhibited more favorable chewiness
than locust bean gum samples due to their
higher viscosity [20].

2-3-4- Adhesiveness

As shown in Table 3, a statistically significant
difference (p< 0.05) was observed among
treatments regarding adhesiveness. The
highest adhesiveness (2.51 mJ) was recorded
in treatment HO, while the lowest (0.10 mJ)
was observed in treatment H9. Thus, the
incorporation of locust bean gum and CMC
reduced post-cooking adhesiveness compared
to the control. This reduction is likely due to
greater amylose leaching from the starch
matrix, which diminishes stickiness. Sirirat et
al. (2005), in a study on extrusion-cooked rice-

based vermicelli, reported that adding
monoglyceride emulsifier forms complexes
with amylose, preventing its leaching during
starch gelatinization. This allows starch
granules to swell in hot water, reducing water
absorption capacity and, consequently,
adhesiveness [24].

2-3-5- Vitamin E Content

Table 3 shows a statistically significant
difference (p< 0.05) among treatments in
vitamin E content. The highest level (60.2
mg/100 g) was found in treatment H9, while
the lowest (5.1 mg/100 g) was in treatment HO.
In other words, the use of locust bean gum and
CMC in extruded rice samples enhanced the
retention and stability of vitamin E compared
to the control. Generally, micronutrient
stability in fortified foods depends on several
factors, including fortification method,
micronutrient  properties, washing, and
cooking conditions. Extrusion is a high-
temperature, short-time (HTST) process, and
the nutritional value of the final product is
influenced by temperature, feed moisture,
processing time, oxygen availability, light,
pH, screw speed, and die diameter. Other
studies have similarly shown that high
extrusion temperatures combined with low
feed moisture significantly reduce the
nutritional value of food products [14, 19].
3-3- Sensory Evaluation of Control and
Extruded Rice Samples (After cooking)
Table 4 presents the mean comparison of data
on the effects of locust bean gum and CMC on
the sensory attributes of cooked extruded rice
compared to the control.

Table 4 Mean comparison of organoleptic properties of extruded rice and control samples (after

cooking)

Treatment Flavor Texture Overall acceptability
HO 5+0.2 a 5+0.2 a 540.2 a
H1 3+0.1 ¢ 3+03 ¢ 3+0.2 ¢
H2 3+0.1 ¢ 3+03 ¢ 3+0.2 ¢
H3 4+0.3b 3.5+£0.2 be 3.5+£0.3 be
H4 3+0.1 ¢ 4+0.3 b 3.5+0.3 be
H5 403 b 4+0.3 b 4+0.3 b
H6 403 b 4+0.3 b 4+0.3 b
H7 5+0.2 a 5+0.2 a 5+0.2 a
H8 5+0.2 a 5£0.2 a 5+0.2 a
H9 5+0.2 a 5+0.2 a 5+0.2 a
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In each column, mean that at least one letter in common, according to Duncan's test, not significant difference

3-3-1- Aroma and Flavor

As shown in Table 4, a statistically significant
difference (p< 0.05) was observed among
treatments regarding aroma and flavor. The
highest score (5) was assigned to treatments
HO, H7, HS, and H9, while the lowest (3) was
given to H1, H2, and H4. The superior aroma
and flavor in these treatments may be linked
to the gums used, as these attributes are
influenced by caramelization and Maillard
reactions, which gums can enhance [25]. It
appears that in the high-scoring treatments,
non-enzymatic browning occurred at an
optimal level, contributing positively to
sensory perception.

3-3-2- Texture

A statistically significant difference (p< 0.05)
was observed among treatments in texture
evaluation (Table 4). The highest score (5)
was assigned to treatments HO, H7, H8, and
H9, while the lowest (3) was given to HI and
H2. As previously noted, treatments H8 and
H9 had higher moisture content, which
reduces lateral expansion during extrusion,
resulting in a denser, more compact texture.
Moreover, at higher moisture levels, starch
granules gelatinize more rapidly, contributing
to increased firmness and a more desirable
texture. The results also indicate that, for each

gum type, increasing its concentration
enhanced sample firmness, with CMC-
containing  samples exhibiting  greater

hardness due to increased viscosity and more
extensive starch gelatinization [26].

3-3-3- Overall Acceptability

Table 4 shows a statistically significant
difference (p<0.05) among treatments in
overall acceptability. The highest score (5)
was assigned to treatments HO, H7, H8, and
H9, while the lowest (3) was given to H1 and
H2. Considering all sensory attributes
collectively, treatments H7, H8, and H9,
containing varying levels of locust bean gum
and CMC, achieved overall acceptability
scores comparable to the control (H0). This
suggests that the incorporation of these
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hydrocolloids played a significant and
beneficial role in producing extruded rice with
improved sensory properties as a novel food
product.

4- Conclusion

The objective of this study was to develop a
synthetic rice formulation with quality and
organoleptic characteristics similar to natural
rice, using locust bean gum and
carboxymethyl cellulose, while enhancing its
nutritional ~ value through vitamin E
fortification. The results demonstrated that
varying levels of these gums improved the
physicochemical, textural, and sensory
properties of extruded rice compared to the
control. The optimal formulation, containing
1% locust bean gum, 1% CMC, and 400
mg/100 g vitamin E, was identified as the best
treatment. These findings suggest that the
developed formulation can be effectively
applied in the production of nutritionally
enriched extrusion-cooked rice, offering
improvements in quality, texture, and
nutritional profile.

5- References

[1]. Movahhed, S., Saadat, S., and Ahmadi
Chenarbon, H. 2019. Effect of guar and arabic
gums on qualitative properties of extruded
rice. Journal of Food Process Engineering.
42(2): €12959.
https://doi.org/10.1111/jfpe.12959

[2]. Ti, H., Zhang, R., Zhang, M., Wei, Z., Chi,
J., Deng, Y., and Zhang, Y. 2015. Effect of
extrusion on phytochemical profiles in milled
fractions of black rice. Food Chemistry. 178:
186-194.
https://doi.org/10.1016/j.foodchem.2015.01.0
87

[3]. Hussain, S. Z., Singh, B., and Rather, A.
H. 2014 .Efficacy of micronutrient fortified
extruded rice in improving the iron and
vitamin a status in Indian school children.
International Journal of Agricultural Science
and Food Technology. 5(3): 227-238.

[4]. Olufemi Awolu, O., Morayo
Oluwaferanmi, P., Iyanuoluwa Fafowora, O.,
and Funmilayo Oseyemi, G. 2015.


https://doi.org/10.1111/jfpe.12959
https://www.ncbi.nlm.nih.gov/pubmed/25148996
https://doi.org/10.1016/j.foodchem.2015.01.087
https://doi.org/10.1016/j.foodchem.2015.01.087

Mehry Mirzaeli et al

Evaluation of physicochemical, sensory...

Optimization of the extrusion process for the
production of ready-to eat snack from rice,
cassava and kersting's groundnut composite
flours. LWT- Food Science and Technology.
64: 18-24.

[5]. Movahhed, S., Mohammadi Golchin, F.,
Eshaghi, M. R., and Ahmadi Chenarbon, H.
2021. Mathematical modeling of weight loss
and crust temperature of toast bread
containing guar gum during baking process.
Food Science & Nutrition. 9(1): 272-281.

[6]. Becker, F. S., Eifert, E. C., Junior, M. S.
S., Tavares, J. S., and Carvalho, A. V. 2014.
Physical and functional evaluation of extruded
flours obtained from different rice genotypes.
Ciéncia e Agrotecnologia. 38(4): 367-374.
https://doi.org/10.1590/S1413-
70542014000400007

[7]. Movahhed, S. 2017. Technology of
Supplementary Cereal Products. Academic
Center for Education, Culture and Research of
Ardabil Province Press. 29-35.

[8]. Movahhed, S., Zolelmein, A., Azizi, M.
H., and Ahmadi Chenarbon, H. 2019.
Assessment of simultaneous addition of
sucrose and xanthan effects on the thermal,
pasting, and rheological behavior of corn
starch. Journal of Texture Studies. 51(3): 453-
463.

[9]. Lazaridou, A., Duta, D., Papageorgiou,
M., Belc, N., and Biliaderis, C. G. 2007.
Effects of hydrocolloids on dough rheology
and bread quality parameters in gluten-free
formulations. Food Engineering. 79:1033-
1047.

[10]. Mishra, A., Mishra, H. N., and Rao, P. S.
2012. Preparation of rice analogues using
extrusion technology. International Journal of
Food Science and Technology. 47: 1789-
1797. https://doi.org/10.1111/j.1365-
2621.2012.03035.x

[11]. Sinja Mayer, A., Jochen Weiss, A., and
David Julian, M. 2013. Behavior of vitamin E
acetate delivery systems under simulated
gastrointestinal conditions: Lipid digestion

and  bioaccessibility  of  low-energy
nanoemulsions. Journal of Colloid and
Interface Science.404: 215-222.

https://doi.org/10.1016/j.jcis.2013.04.048

62

[12]. Anonymous. 2003. Approved methods
of analysis of the American Association of
Cereal Chemists (10%™ed.), In. St. Paul.

[13]. Anonymous. 2007. Iranian National
Standard, No: 3213. Institute of Standard and
Industrial Research of Iran. Extruded Rice.
[14]. Ravindran, G., Carr, A., and Hardacre,
A.2011. A comparative study of the effects of
three galactomannans on the functionality of
extruded pea-rice blends. Food Chemistry.
124: 1620-1626.
https://doi.org/10.1016/j.foodchem.2010.08.0
30

[15]. Movahhed, S., Rozbahani, A., and
Ahmadi Chenarbon, H. 2019. Mathematical
modeling of hydrodynamic properties of lime
(Mexican lime). Journal of Food Process
Engineering. 42(4): e13054.
doi.org/10.1111/jfpe.13054

[16]. Liu, C., Zhang, Y., Liu, W., Wan, J,,
Wang, W., Wu, L., Zuo, N., Zhou, Y., and
Yin, Z. 2011. Preparation, physicochemical
and texture properties of texturized rice
produce by improved extrusion cooking
technology. Journal of Cereal Science. 54:
473-480.
https://doi.org/10.1016/].jcs.2011.09.001

[17]. Gonzilez-Gonzalez, R. M., Barragan-
Mendoza, L., Peraza-Campos, A, L., Muiliz-
Valencia, R., Ceballos-Magana, S. G., and
Parra-Delgado, H. 2019. Validation of an
HPLC-DAD method for the determination of
plant phenolics. Revista Brasileira de
Farmacognosia. 29(5): 689-693.
https://doi.org/10.1016/j.bjp.2019.06.002
[18]. Anonymous. 2000. Iranian National
Standard, No: 2814. Institute of Standard and
Industrial Research of Iran. Extruded Rice.
[19]. Ranjbar, S., Basiri, A. R., Elhamirad, A.
H., Sharifi, A., and Ahmadi Chenarbon, H.
2018.  Effect of hydrocolloids on
physicochemical, sensory and textural
properties of reconstructed rice grain by
extrusion cooking technology. Journal of
Food Measurement and Characterization.
12(3): 1622-1632.

[20]. Movahhed, S., Mirzaei, M.,
Asadollahzadeh, M. J., and Ahmadi
Chenarbon, H. 2021. Effect of carboxy


http://www.scielo.br/scielo.php?script=sci_serial&pid=1413-7054&lng=en&nrm=iso
https://doi.org/10.1590/S1413-70542014000400007
https://doi.org/10.1590/S1413-70542014000400007
https://doi.org/10.1111/j.1365-2621.2012.03035.x
https://doi.org/10.1111/j.1365-2621.2012.03035.x
https://doi.org/10.1016/j.jcis.2013.04.048
https://www.ncbi.nlm.nih.gov/pubmed/25148996
https://doi.org/10.1016/j.foodchem.2010.08.030
https://doi.org/10.1016/j.foodchem.2010.08.030
https://doi.org/10.1111/jfpe.13054
https://doi.org/10.1016/j.jcs.2011.09.001
https://www.sciencedirect.com/journal/revista-brasileira-de-farmacognosia
https://www.sciencedirect.com/journal/revista-brasileira-de-farmacognosia
https://doi.org/10.1016/j.bjp.2019.06.002

Iranian journal of food science and industry

Number 169, Volume 22, March2026

methyl cellulose and locust bean gums on
some of physicochemical, mechanical and
textural properties of extruded rice. Journal of
Texture Studies. 52(1): 91-100.
https://doi.org/10.1111/jtxs.12563

[21]. Hazarika, E. B., Borah, A., and Mahanta,
C. L. 2013. Optimization of extrusion cooking
conditions and characterization of rice (Oryza
sativa)-sweet potato (I[pomoea batatas) and
rice-yam (Dioscorea alata) based RTE
products. Agricultural Sciences. 4(9B): 12-22.
[22]. Wang, J. P., Zhou, A, H., Yu Jin, Z., Jun
Xie, Z., Ning Zhuang, H., and Kim, J. M.
2013. Emulsifiers and thickeners on
extrusion-cooked instant rice product. Journal
of Food Science and Technology. 50(4): 655-
666.https://doi.org/ 10.1007/s13197-011-
0400-6

[23]. Yoo, J., Alavi, S., Adhikari, K., Haub, M.
D., Aberle, R. A., and Huber, G. 2013. Rice-
shaped extruded kernels: physical, sensory,
and nutritional properties. International
Journal of Food Properties. 16: 301-321.
https://doi.org/10.1080/10942912.2010.4950
42

[24]. Sirirat, S., Charutogon, C., and
Rungsardthong, V. 2005. Preparation of rice
vermicelli by direct extrusion. Journal of
KMITNB. 15(1): 39-45.

[25]. Rosell, C. M., Rojas, J. A., Benedito de
Barber, C. 2001. Influence of hydrocolloids on
dough rheology and bread quality. Food
Hydrocolloids. 15:75-81.

[26]. Movahhed, S., Kakaei, E., and Ahmadi
Chenarbon, H. 2017. Effect of hydroxy propyl
methyl cellulose gum on qualitative properties
of free gluten baguette bread contain equal
proportion of corn flour and potato flour.
Iranian Food Science and Technology
Research Journal. 13(4): 575-583.

63


https://doi.org/10.1111/jtxs.12563
https://dx.doi.org/10.1007%2Fs13197-011-0400-6
https://dx.doi.org/10.1007%2Fs13197-011-0400-6
https://doi.org/10.1080/10942912.2010.495042
https://doi.org/10.1080/10942912.2010.495042

VErE dhal Y o 5s AW led Ol gl ol mles

5 psle doms

www.fsct.modares.ac.ir :dow Colw

Ol ) 2l s 5 psle alous

‘;:'Ajji_‘;q.l& Jlae

bosd a5 59 ST (bl 05)) g8 Sl g G108 (o ploard — 55050 S (S 505 2L
CHF 9 P S (oS 0 S Sapee

ool gdes! i Tealjaldnl ol deee FTa ga [l ol e 5 e

Ol gl gl o bl 13T o8l 5,0l dly ¢ glie 2o 5 esle 05 S (6 S (g mtila)
Q\J;”‘ ‘L,:.Ab) &;‘OLA :‘JT oK.fLJ‘A 4‘_5,..2.:4 _&:ﬂl)j J;-lj “_g)')jLiS o.\g‘iﬂé ‘Lf»l"\'c GL..\p 9 f_}l.@ ajjf UL:.:.J\J—%Y

Qlﬂl cb)JALjJ cvﬁm‘ J‘)T QK..:.;.‘J cb)JALj: J}‘_} cda.:.:: wu\a@ﬂ a); UL:;L:,.N\—Y

Q]ﬂ\ cwﬁ‘)_; cL;AM.w‘ bbT om‘é “}":‘:‘i _g.ﬂ'“b) J}\) gé)')_gl.is emb ‘CJULJ C}’k&‘ 9 C,&b) a); c)l:.:.i‘b—i

oS>

. e

dlas Sl

£ Sl ey Sslite perb 5 K il (S b Y e A5 (05 ,ST T8 ) e
L el s 5 Lo IS 5 e Sl eala wl Lol lagdie sy (uell (rizma 50055, slolds
53 A3l n pgenpp oS D055 Slaessl b ledis 555l 5 63 Shes Sla S5 s s skiue
SN0 /0) sl s S die S5 S 5 LS Glages U Sl lagn ps bl
3 @ludas (3L ala3- oS58 sla S5y b e mE/100g Ol 4 B el 5 (o))

DAl gla o,
VRPNV sl gl

VECEIVA 1y b

J,:é LA‘U)N rLaJJQE w\.’f._v_} Qéjj.é\ Qﬁjf_)‘j;; Bl 5)}0 L;o.«.l\.h V';) ol :,;..S\ (-:vf s~
Cn-.’jb) Ol}:a J)":‘f ‘@LQQTJ; Qﬁﬁ.\i flqal&:.s-;;:; .19)155& 4.1;-4,»:):)&3}):‘”5‘ Jii‘jf’)'
53 (Y/108) S 5 (+/AVglom?) azils ((8/7AV) ST Cdm ((V/74Y) oSt (VYA
e S 5 (gl Jts oS50 S dowo dao 3 ) 5 g res o n V) ol oS S oler
o 53 (VEYY) iy e sllie o 2ty Lol A8 (6, S0l dald Sl 53 liwo ol 4y by

Lo ys 010 sl sl 5 (VONY) Ky il s 5 (VEAZ0) sl oS Olses op min 5 dale

1S wlds

u}}:.wS\ C'f
(lbr S
L.Cm-ﬂ

E &:Al:.:}

Vst lagi 52 VV/LEY) Sty Sl Oljn o i 500 Sgm Sl 2 8 S 2 ot
(YAVAN) (S Sl d(YE/EYN) s Ol b 5 s fite S0 S oo Ao
Loy V) ol oS 5 ke 3 (Y/0Vm)) St v Ol o 28 5 (V+/Y mg/100g) B poslss
(0) Sltal ey e ol Cs i (b fitn (S35 oo o3 | 5 5 o
3PP e o3 ) 5 VO /0 Gl S 5 slasles 5 el Glasled 5 e ol

RESRIERS FRpE Iy

10.48311/fsct.2026.83960.0

L J s *

movahhed@jiauvaramin.ac.ir

64


http://www.fsct.modares.ac.ir/

